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CONSTITUTION OF INDIA 


PREAMBLE 


WE, THE PEOPLE OF INDIA, having solemnly resolved to constitute 
India into a SOVEREIGN SOCIALIST SECULAR DEMOCRATIC 
REPUBLIC AND TO SECURE TO ALL CITIZENS : 

JUSTICE, social, economic and political; 

LIBERTY of thought, expression, belief, faith and worship ; 

EQUALITY of status and of opportunity ; and to promote among them all 

FRATERNITY assuring the dignity of the individual and the unity and 
integrity of the Nation : 

IN OUR CONSTITUENT ASSEMBLY THIS TWENTY-SIXTH day of 

November, 1949, do HEREBY ADOPT, ENACT AND GIVE TO 
OURSELVES THIS CONSTITUTION. 


FUNDAMENTAL RIGHTS UNDER THE CONSTITUTION OF INDIA 
RIGHT TO EQUALITY 


+ The state shall not deny to any person equality before the low or equal 
protection of the law. j 

The state shall not discriminate against any citizen on the ground only of 
religion, race, caste, sex, place or birth. 

There shall be equality of opportunity for all citizens in matters relating 
to employment or appointment to any office under the state. 
Untouchability in practice in any form is forbidden and punishable. 


RIGHT TO FREEDOM 

To freedom of speech and expression. 

To assemble peaceably and without arms. 

To form associations or unions. 

To move freely throughout the territory of India. 

To reside and settled in any part of the territory of India. 

To practice and profess, or to carry on any occupation, trade and business. 
To provide for Right to Life and Personal Liberty, except according to 
procedure established by law. 

State shall provide free and compulsary education to all children of the 
age of 6-14 years in a manner to be determined by the state. 


RIGHT AGAINST EXPLOITATION 

+ Prohibition of traffic in human beings and forced labour. 

+ No child below the age of fourteen years shall be employed to work in any 
factory or mine or engage in any other hazardous employment. 
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RIGHT TO FREEDOM OF RELIGION 

+ Every person in India shall have the freedom of conscience and shall have 
the right to Profess, practise and propagate religion, subject to public 
order. 

+ No person shall the compelled to pay any taxes, of any particular religion. 

+ No religious instruction shall be provided in any educational institution 
wholly maintained out of state fund. 


CULTURAL AND EDUCATIONAL RIGHT 

+ Any section of the citizen residing in the territory of India or any part 
thereof having a distinct language, script or culture of its own shall have 
the right to conserve the same. 

+ No citizen shall be denied admission into any educational institution 
maintained by the state or receiving aid out of state fund on the ground 
only of religion, race, caste, language or any of them. 

+ All minorities, whether based or religion or language, shall have the right 
to establish and administer educational institution of their choice. 


RIGHT TO CONSTITUTIONAL REMEDIES 

+ The Constitution guarantees the right to move the Supreme Court for the 
enforcement of the fundamental rights through certain constitutions 
writs, such as : Habeas Corpus, Mandamus, Certiorari, Prohibition and 
Quo-Warranto. 


Fundamental Duties of Indian Citizen 


ARTICLE 51A 
Fundamental Duties - It shall be the duty of every citizen of India 


(a) to abide by the Constitution and respect its ideals and institutions, the 
National Flag and the National Anthem ; 

(b) to cherish and follow the noble ideals which inspired our national 
struggle for freedom ; 

(c) to uphold and protect the sovereignty, unity and integrity of India ; 

(d) to defend the country and render national service when called upon to 
do so; 

(e) to promote harmony and the spirit of common brotherhood amongst all 
the people of India transcending religious, linguistic and regional or 
sectional diversities ; to renounce practices derogatory to the dignity of 
women ; 

(f) to value and preserve the rich heritage of our composite culture; 

(g) to protect and improve the natural environment including forests, 
lakes, rivers, wild life and to have compassion for living creatures ; 

(h) to ee the scientific temper, humanism and the spirit to inquiry and 
reform ; 

© to safeguard public property and to abjure violence ; 

Q) to strive towards excellence in all spheres of individual and collective 
activity so that the nation constantly rises to higher levels of endevour 
and achievement. 

(k) m is a parent or guardian to provide opportunities for education to 

s child on, as the case may be, ward between the age of six and 


fourteen years. 
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PREFACE TO THE FOURTH EDITION 


We are happy to present the throughly updated version of our existing book 
“A Text Book of Biology” Vol. II. This volume is written by a balanced team of 
authors from Plant Science, Animal Science and Human Biology. Some essential features 
of this book include : 

Simple lucid language with plenty of illustrations. 

A large number of comparative analogies. 

% Latest informations, key words, discoveries. 

“Answers to special questions. 

* Graded exercise ear marked with article number. 

“ Multiple choice type questions in accordance with medical entrance examinations. 

In line with the presert class XII syllabus of the H.S. Council, the chapters on 
Photosynthesis and Growth, Metabolism have been incorporated at the end in the 
appendix. In order to serve the need of Joint Entrance aspirants, the chapter on Animal 
Tissue has also been incorporated. For the interest of the 2008 examinees, chapters on 
taxonomy, population biology and social physiology remains as it was in the previous 
text. This book has also been enriched with coloured illustrations. 

We gratefully acknowledge constructive criticism for the sake of improving this 
volume. We are deeply indebted to Mr. Biplab Bhowal, because of whom, this venture 
is possible. We also gratefully acknowledge the help rendered by the office and press 
staff of Book Syndicate Pvt. Ltd., specially to Mr. Subrata Bhowal, whose support has 
made this book a reality. 


Authors 


PREFACE TO THE THIRD EDITION 


We have great pleasure in presenting the long-awaited second volume of ‘A Text 
0k of Biology’ for +2 courses and medical entrance examinations. The book has 
en written by a well-balanced team of three experienced teachers from the three 
sciplines of biological science, i-e., Botany, Zoology and Physiology. It was an uphill 
k to compile such a volume, hence there was this delay in publishing the book. We 
ve given our honest endeavour to make the book free from all shortcomings. Of 
urse, some printer’s devil might have crept in inadvertently for which we are extremely 
rry. Adequate diagrams, charts, comparisons and graded exercise have been given in 
> book. Moreover, large number of multiple choice type questions with answers 
ve been incorporated in each chapter for students appearing in different medical 
trance examinations’. We hope the book will be appreciated by teachers and students. 
Any suggestion for improvement of the book will gratefully acknowledged. Finally, 

express our gratitude to all those connected with publication of the book, specially 
Debajyoti Chattopadhyay for taking all the pains in editing the Zoology portion of 
s book. 
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Taxonomy 


Topics Discussed : Introduction, Definition and importance of taxonomy, Systematics, Types of taxonomy, 
Taxonomical hierarchy, Definition of taxon, Scope of taxonomy, Taxonomic key. aims and objectives, types 
and examples, Comparison between hierarchy and key, Binomial nomenclature, Codes of botanical 
nomenclature, Priority, Typification, Double citation, Trinomial nomenclature, Classification, Definition, 
Importance and forms of classification: Basis of Classification, Phylogenetic classification, Vertical and 
Horizontal classification. Relationships of taxonomy with other branches of biology. Relationship of Taxonomy 
with classification, Outlines of plant classification including virus, bacteria, Mycoplasma, Actinomycetes, 
Spirochaetae and their salient features. 3 


1.1. Introduction 


There are more than two millions plants and animals in the world. A large number 
of organisms have become extinct as a result of organic evolution through millions of 
years. At the sametime, a large number of plant and animal species have still remained 
obscure. It is very difficult to have a thorough, comprehensive knowledge about all 
these species unless they are properly arranged. This process of arranging the living 
species in a definite pattern is known as classification, while the branch of biology, 
which deals with the grouping of plants and animals is called taxonomy. The word 
‘taxonomy’ comes from the greek word Taxis = arrangement and nomos = laws. 
Thus taxonomy includes naming of organisms or nomenclature after its identification 
and classify. them on the basis of their similarities and dissimilarities. 


1.1.1. TAXONOMY 

[1] Definition: (Simpson, 1961) /t is the theoretical basis of classification including 
its principles, procedures and rules. 

So, taxonomy helps in laying down the 
principles of classification and the two major 
aspects of taxonomy are nomenclature and 
classification. 

[2] Importance : [a] It gives detailed 
informations regarding the diversity of organisms. 

[b] It provides the necessary informations 
required in the other branches of biology. 224 Á 

[c] It helps in determining phylogeny of Fig. 1.1 : Basis of Taxonomy: 
organisms. (vertical classification). 

1.1.2. SYSTEMATICS 


[1] Definition: (G. S. Simpson, 1961) Jt is the scientific study of diversity of 
organisms and their inter-relationships. 
It is derived from the Greek word Systema and is referred to as the systems of 


classification by Linnaeus. i 
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[2] Importance : [a] A comprehensive study of an organism involving techniques 
ind tools from other branches of biology. 


It helps to denote the diversity of organisms. 


ic] It helps to denote inter- relationship between two living species (horizontal 
classification). 


1.2. Types of Taxonomy 


The types of taxonomy are actually derived from the various stages of classification. 
They are as follows : 


[1] Alpha (d) Taxonomy : It is also called classical taxonomy ; which involyes 
description and naming of organisms. It is the parent of other types of taxonomy, denoted 
by Turrill (1943). 

[2] Beta (8) Taxonomy : In addition to morphological description, it also involves 
consideration of affinities and inter-relationship between separate, groups of species. 

[3] Gamma (y) Taxonomy : It is concerned with description, inter-relationship 
and evolution of one species from the other. 

[4] Omega (2) Taxonomy : It is the modern experimental taxonomy denoted by 
Epling (1943), in which the taxonomic endeavours have been enriched with data from 
ecology, phytogeography, phytochemistry, cytogenetics and physiology coupled with 
adequate computation. 


1.2.1. TAXONOMIC HIERARCHY 


[1] Definition : The taxonomic hierarchy is a systematic framework of classification 
in which the taxonomic groups are arranged in a 
definite order from higher to lower groups and each 
of them excepting the lowest one includes the 
subordinate groups. 


[2]. History : The hierarchic system of 
classification was first adopted by Carrolus Linnaeus 
in 1753 in the 10th edition of “Systema Naturae”. 
This was called Linnaean hierarchy and the succession 
of groups is as follows : 


(i) The lowest major group, representing plants and 
animals is referred to as Species. 

(ii) The closely related species of plants and 
animals are placed in Genus. j 


Fig. 1.2 : Carrolus Linnaeus ae f 
i (707-298), š (iii) The related genera of plants and animals 


constitute a Family. 


(iv) The families together arè placed in Orders: 
(y) The orders of plants and animals constitute Classes. 
(vi) The classes together constitute Division in plants and Phylum in Animals, 
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(vii) Finally, the divisions or phyla together constitute a Kingdom. 


(PHYLUM/DIVISION) 


+ 


(SUB-PHYLUM/SUB-DIVISION) 
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The taxonomic 
divisions indicated 
by Linnaeus show 
that the Kingdom or 
Phylum is the largest 
division, while the 
species is the 
smallest division and 
they are also 
represented in 
window-pane model. 

[3] Modern 
view of Hierarchy : 
The present day 
taxonomists have 
shown slight 
deviation from the 
Linnaean system of 
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Hierarchy. The diversity of plants and animals have also increased with the reporting 
of new species and the seven taxonomic groups seems to be inadequate in the present 
day context, so newer groups like sub-species, cohorts have been created and each of 
the existing groups has been further sub-divided using prefixes like super, sub or infra 
etc, Simpson (1945) showed the present day taxonomic groups used to denote higher 
group of animals like mammals and they are as follows : 


Kingdom Cohort Sub-family 
Phylum Super order Tribe 
Sub-Phylum Order Sub-Tribe 
Super Class Sub-order Genus 
Class Infra order Sub-Genus 
Sub-Class Super Family Species 
Infra Class Family Sub-species 
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Each of these groups is called Taxon. The definition of taxa will be: A group of 
related organisms recognised as a unit at any level of taxonomic hierarchy. 
[4] Systematic Position following Taxonomic Hierarchy : 


Plant : Lantana camara (B. Chota) Animal: Homo sapiens (Human) 
Kingdom : Plantae Kingdom: Animalia 
Division: Spermatophyta Phylum : Chordata 
Sub-division : Angiospermae Class : Mammalia 
Class : Dicotyledonae Order : Primate 
Order : Verbenales Family : Hominidae 
Family : Verbenaceae Genus: Homo 
Genus: Lantana Species : Sapiens 
Species : camara 


1.2.2. SCOPE OF TAXONOMY 


Taxonomy is one of the oldest science, reaching back to more than 200 years in the 
ancient Greece and Rome. It provides thorough knowledge of living species and their 
various forms. Every branches of biology is dependent on it because it provides proper 
identification of the species, Present day taxonomy has proceeded further, incorporating 
data from phytochemistry, cytogenetics Supported by adequate computation, which 
has made it easier to trace the evolution of particular species and their actual point of 
origin. Lastly the taxonomic research has also facilitated the conservation of biodiversity, 


1.2.3. TAXONOMIC KEY 


A taxonomic key is an analytical device for the determination of the names of plants 
included in it. 

[1] Definition of Key: It is a systematic framework for tabulation of organism 
with a sequence of classes at each level and gradually deriving more restricted classes 
from broader groups. : 

[2] Objective of Key : [a] To segregate the characteristic features of individual 
species for easy identification. ; 

lb lt is an useful tool for identification of unknown species. 

[c] It gives a detailed account of the species present in a particular class. 

[3] Types of Keys : There are two types of keys, which are, Indented Key and 
Bracketed Key. 

[A] Indented Key : The common character is written at the outset and then the 
two species are identified on the basis of their individual characters. 

e.g. : Identification of Primula farinosa and P. scotia. 

Leaves mealy beneath ; flowers lilac or purple. 

@ Edges of leaves crinkly, flowers lilac, calyx teeth pointed, fruit cylindrical......... 
„CC (1] Primula farinosa. 

© Edges of leaves straight, flowers blue-purple ; calyx teeth blunt ; fruit egg-shaped 
„ [2] Primula scotia. 

Leaves not mealy beneath, flowers yellow. 

® Calyx pale green, fruits egg-shaped, enclosed in calyx. . . [3] P. veris. 

© Calyx with darker mid-ribs, fruits elongated, projected from calyx . . . 
[4] P elatior. 
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[B] Bracketed Key: This Key is represented by a pair of contrasting characters 
from which the species are identified. 

e.g. The illustration is based on the same four species of Primula as considered 
earlier. 

[I Leaves mealy beneath, flowers lilac or purple 

Leaves not mealy beneath. flowers yellow.......... 1 

[II] Leaf edge crinkly, flowers lilac ; calyx teeth pointed, fruit cylindrical .........++ 
(1) Primula farinosa. 

Leaf edge straight, flowers blue purple ; calyx teeth blunt; fruit egg-shaped... 
(2) P. scotia. 


[M]. Flowering stem developed. pedicels hairy een. IV 

[IV]; Calyx pale green, fruits egg-shaped, enclosed in calyx .. (3) P. veris. 

Calyx with darker mid-ribs, fruits elongated ; projected from calyx ee [4] 2 
elatior. 


1.2.4. COMPARISON BETWEEN KEY AND HIERARCHY 


Points of Differences 


11 Nature: [1] The classification based | [1] The classification 


on taxonomic hierarchy based on taxonomic 


[2] Basis: 


[3] Priority: 


[4] Sequences : 


[5] Constituent.: 


[6] Example : 


is natural. 

[2] It is based on natural 
relationships. 

[3] It obeys the principle of 
priority. 

[4] The groups normally 
follow an orderly 
sequence. 


[5] Each of the lower 
groups normally belong 
to a single higher group. 

Mammals 


Horned Two-toed 
mammals mammals 


key is artificial. 

[2] It is often based on 
arbitrary sequences. 

[3] It does not obey 
principle of priority. 
The groups do not 
follow. an orderly 
sequence always as in 
case of Bracketed Key. 

[5]. The lower group may 
belong to two or more 
higher groups. 

Horned Two-toed 

Animal Mammals Animal 
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mammal 


mammals 


4.3. Nomenclature : (Latin : Nomen = name; calere = to call) 


The term ‘nomenclature’ means call by name and it actually includes the method of 
naming plants and animals. This name should be universally accepted in all countries 
since the common name of plants and animals may be different in different languages. 
Carrolus Linnaeus started giving these names in his own vernacular language i.e., 
Latin and later this was accepted universally because Latin is not the officially spoken 
language. 

[1] Definition : Nomenclature is a term which determines the correct scientific 
naming of an identified species of plants or animals according to an established system. 
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1.3.1. BINOMIAL NOMENCLATURE : (Bi = two | Nomen = names) 


This type of nomenclature was first proposed by Linnaeus in his book entitled 
“Species Plantarum’. These names had two parts, the generic name and the specific 
name. For e.g. banyan will be written as Ficus benghalensis L. and Lion will be written 
as Panthera leo L. So, itis evident that names should be written in italics when printed, 
the generic epithet should commense with capital letter, while the specific epithet should 
be in small latter. When hand written, they should be underlined, the name of the 
author, who first reported the species should be at the end the scientific name in 
abbreviated form, that is for Linnaeus, it is given as L'. This system of nomenclature 
is known as binary system. 

[1] Definition: The system of scientific naming of a species of plant or animal 
using genera as the first part and species as the ‘second part is known as Binomial 
Nomenclature. : 


1.3.2. INTERNATIONAL CODES OF BOTANICAL NOMENCLATURE 
(ICBN) i ny T 


The first organized effort was made in 1867 in Paris, where 150 European and 
American botanists met and de Candolle’s “Lois de la nomenclature botanique (Laws 
of Botanical Nomenclature) was discussed. The principles emerged out as Paris Code, 
in Which the starting point of plant nomenclature was from Linnaeus, the Kew rule 
was also formulated here. Subsequently, the Rochester Code came up in 1872, which 
gave maximum stress on priority, the Vienna Code in 1905, Brussels Code in 1910, 
Cambridge Code in 1930. Stockholm Code in 1950, Sydney Code in 1983, Tokyo 
Code, 1994, the St. Louis Code in 1999 and the Vienna Code, 2005. Each of these 
codes discussed about the principles of plant nomenclature and the resolutions adopted 
iwere incorporated in the next edition of “Laws of Plant Nomenclature’? and thus the 
rules of nomenclature was modernized. The final form of plant nomenclature rule was 
finalized in 1966, the animal nomenclature rules were adopted in 1961 as per the 
recommendations of ICZN (International Code of Zoological Nomenclature). 


1.3.3. MAJOR RULES OF BINOMIAL NOMENCLATURE 


Some major aspects of Binomial Nomenclature are as follows : 

[1]. The scientific names of plants and animals should be in Latin because it is not 
the official language of any country. 

[2] The scientific names prior to the publication of Systema Naturie (10th Edition) 
by Linnaeus were all réjected. 

[3] The names should be specific and should at least have the generic and specific 
epithet. i 
[4] These names should be in italics when printed, or underlined when written by 
hand. 

[5] „The genus starts with capital letter, while species in small letter. 

[6] The name of the author, first reporting it should remain in abbreviated form at 
the end of the scientific name. 

[7] The reporting of a new species of plant should be accompanied by a Latin 
description or diagnosis. 

[8] Only one valid name for one species is permitted and it is based on the rule of 
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priority, that is the author first effectively and validly publishing the name, will be 
considered, 

[9] In case of changing a scientific name, that is double citation, the name of the 
second author is placed in bracket after the scientific name and the first author's name 
in abbreviated form comes after that. The new name is always based on the older name 
and it is called the basionym. 

[10] When a plant is reported, the author should submit a herbarium specimen of 
the same. (dried plant with reproductive part placed on a sheet of paper). This is 
designated as the Holotype. All the other specimens collected by the author at that 
time is known as Lectotype. In case of their destruction, the same specimen collected 
by a different author from the same location is known as Paratype. If the specimen is 
reported by a new author from a new location ata different time, then that is known as 
Neotype. This concept is known as typification and the type specimens should be 
preserved in the harberia of all international botanic gardens. 


1.3.4. SUB-SPECIES CONCEPT AND TRINOMIAL NOMENCLATURE 


The binomial nomenclature is widely accepted and it helped in the correct 
identification of species. But for very large groups of plants and animals, it became 
inadequate because there were variations even within species. Hence Mayer (1953) 
denoted the, concept of sub-species, which meant geographically defined aggregates 
of local populations, It was also incorporated in the scientific name and gave rise to 
trinomial nomenclature. e.g. Homo sapiens neanderthales ; Homo sapiens sapiens. 


1.3.5. SCIENTIFIC NAMES OF COMMON PLANTS AND ANIMALS 


f 


ANIMALS 
Scientific Name (Binomials) 


PLANTS 


Common Name | Scientific Name (Binomials) Common Name 


1, Rice Oryza sativa i Amoeba Amoeba proteus 

2. Maize Zea mays Paramoecium | Pdramoecium caudatum 
3. Wheat "| Triticum aestivum Hydra Hydra vulgaris 

4. Coconut Cocos nucifera . Tapeworm Taenia solium 

5. Pea Pisum sativum . Roundworm | Ascaris lumbricoides 
6. Gram Cicer arietinum 40, Earthworm | Pheretima posthuma 
7. Touch me not. | Mimosa pudica 7. Cockroach Peériplaneta americana 
8. Rubber | Hevea brasiliensis 8. Prawn Palaemon carcinus 

9. Mango | Mangifera indica 19. Apple snail | Pila globosa 

10. Rose =| Rosa centifolia 10. Starfish “Asterius rubens 

II. Banyan Vicus benghalensis Q Rohu fish Labeo rohita 

12. Potato | Solanum tuberosum . Catla fish Catla catla 

13. Tomoto Magurfish | Clarius batracus 

14. China rose | Hibiscus rosa-sinensis . Singhi fish Heteropneustes fossilis 
15. Ladies finger Abelmoscus esculentus . Toad Bufo melanostictus 

16. Jute ‘Corchorus capsularis s Rana tigrina 

17, “Akanda = "| Calotropis procera ` $ Naja naja 

18. Periwinkle Catharanthus roseus 0 Cavia porcellus 

19. Tulsi Ocimum sanctum j Canis familiaris 

20. Snapdragon | Antirrhinum majus T er Panthera tigris 

21, Sun flower Helianthus annus Leopard Panthera pardus 

22. - Marigold Tagetes patura Human Homo sapiens 
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1.4. Classification 


[1] Definition: Classification is defined as the ordering or ranking of organisms 
into groups on the basis of similarities or closeness or relationship. Since there are 
large number of plants and animals, so it is easier to study them after they are arranged 
in small or large groups. 


[2] Forms of Classification : There are two distinct forms of classification, which 
are as follows: 

(i) Classification of Overlapping sequences or Keys. 

(ii) Classification following Taxonomical hierarchy. 

[3] History of Classification: 

(i) Aristotle (384-322 B.C.) divided animals into two groups viz. Anaima without 
red blood e.g. sponge, Hydra, Enima with red blood e. g. fish, frog, birds. 

(ii) Theophrastus (371-287 B. C.) divided plants as herbs, undershrubs, shrubs 
and trees, 

Gii) John Ray (1627-1705) divided plants into Herbae and Arborea. 

(iv) Carrolus Linnaeus (1707-1778), the Swedish naturalist gave the classification 


of plants in “Species Plantarum” in 1758 and that of animals in “Systema Naturae 
(10th Ed.) in 1753. 


(v) Lamarck (1744-1829) gave the animal classification. 

(vi) De Candolle (1778-1841) in 1813 gave th „natural system of classification 
and proposed the term taxonomy. 

(vii), George Bentham (1800-1884) and J. D: Hooker (1 862-1883) gave the natural 
system of classification in 3 volumes of Genera Plantarum. 


(vili) Adolf Engler (1844-1930) and Karl Prantl (1849-1893) gave the 
phylogenetic system of classification in 1886-1892 in 20 volumes of Die Natürlichen 
Pflanzen Familien. y 


Fig. 1.5 : George Bentham Fig. 1.6 : Adolf Engler Fig. 1.7 : John Hutchinson 
(1800-1884) (1844-1930) (1884-1974) 
(ix) John Hutchinson (1884-1978) in 1926, 1934 and in 1950 gave the modern 
phylogenetic classification in 3 volumes of “The families of flowering plants”. 
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(x) Takhtajan (1967) and Cronquist (1968) also gave the modern phylogenetic 
classification. : ! 

[4] Basis of Classification: [i] Classification initially was based on superficial 
morphological characteristics. [ii] With the development of natural system of 
classification, the morphologlical characteristics were considered in every minute detail, 
along with that, there was also consideration of the reproductive features. (iii) The 
phylogenetic system of classification considers the gradual evolution of organisms and 
their phylogenetic relationships. (iv) The modern system considers all the relevant data 
from other branches of biology and it is developed by adequate computation. 


[5] Purposes of Classification : The different purposes of classification are as 
follows: 


(i) It helps in the Aran geren of living plants and animals. 

(ii) It is a tool for identifying organisms. 

(iii) It provides explanation for the diversity of organisms. 

(iv) It gives adequate knowledge of evolution or phylogeny of organisms. 
() lt gives a provision for the discovery of new species. 


(vi) It helps in the storage of date about living organisms in the form of key 
and utilize them whenever necessary. 


[6] Types of Classification : The classification system are mainly of three types 
viz. Artificial, Natural, Phylogenetic system of classification. 


[A] Artificial system : This system is only based on one or two superficial 
characters without considering any morphological details or phylogenetic relationships. 


For example, the classification of animals by Aristotle on the basis of colour of 
blood that is Anaima without red bood e.g.-sponges and Enaima with red-coloured 
blood. Linnaeus classified plants as Monandria (one stamen) and Diandria (two 
stamens). 

Demerit: (i) Closely related species may be placed distantly apart and distant species 
might be placed together. (ii) The evolutionary relationships were not understood. 


Merit : (i) First novel attempt of classifying living organisms and hence they have 
some historic importance. 


[B] Natural system : The system of classification is based on several natural 
characteristics. In this system the ‘simplest organisms are placed early, while the 
complex ones are placed later. This system relied on the constancy of species. The 
system was proposed by George Bentham and Joseph Dalton Hooker in three volumes 
of Genera Plantarum published between 1862 and 1883. In this system, several 
morphological characters were taken into consideration, so it is widely accepted and 
plants are arranged according to-this system in many botanic gardens. An outline of 
this system is given below : 
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Bentham, Hooker’s System of Classification: 


Plant Kingdom 
Sub-kingdom : 
Cryptogams Phanerogams 
Division : 7 
Thallophyta Bryophyta Pteridophyta Gymnosperms* ` Angiosperms 
e.g. Moss e.g. Fern e.g. Pine 
Class : 

Algae Fungi Dicotyledonae Monocotyledonae 
Sub-class ; Polypetalae * Gamoptalae Monochlamydeae 
Series: Thallamiflorae Disciflorae Calyciflorae Inſerae Hetero- Bicurp- 

| | | merae: ellatue 
Order : Ranales to Geraniales Rosales Rubiales Ericales! / Genti- 
Malvales to Sapindales to Umbellales to to Ebenales anales 

(6 orders) (3 orders) (5 orders) Campanales ( orders) to 


(5 orders) Lamiales 
(4 orders) 


Curvembryeae Microspermae 
to to 
Ordines anomali Glumaceae 
(8 series) (7 series) 


* Considered between Dicotyledonous and Monocotyledonous Plants. 


Demerits ; (i) Gymnosperms were wrongly placed between dicotyledonous and 
monocotyledonous plants. 
(ii) There was no phylogenetic considerations, 
(iii) Some of the closely related species are placed distantly, while distant 
species are placed close to each other. 
Merits: (i) It gave an easy means of identification of unknown plants. 
(ii) The authors actually studied the morphological characters of plants 
before placing them in their respective positions. 
(iii) An original novel attempt describing 97, 205 species and hence was 
widely accepted. 

[C] Phylogenetic system : This system is based on evolutionary sequence and the 
genetic relationships areconsidered: 

The system was actually developed after the publication of Darwin’s theory in 1859 
and in this system, along with the natural morphological characteristics, inputs from 
fossil records, genetic constitutions were also considered and hence itis largely accepted 
by modern biologists. 
iy Adolf Engler and Karl Prantl (1886-1882) published a series of 20 volumes of 

Die Natiirlichen Pflanzen Familien” in which they divided higher plants into 3 
Major divisions and had suggested the evolution of flowering plants from extinct fossil 
Symnosperms. John Hutchinson (1950) gave his final form of classification in “The 
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Families of Flowering Plants” He divided flowering plants into Herbaceae (small 
plants) and Lignosae (big trees), his classification was based on 22 important 
considerations. Dicotyledonous plants were considered more primitive than 
monocotyledonous plants. Amongst the Herbaceae, Ranales was the primitive order, 
while Asterales was advanced. In Lignosae, Magnoliales was primitive, while 
Verbenales was advanced. 
In recent times Takhtajan (1967) and Cronquist (1968) have also given well 
documented classification system. 
Demerits : (i) Not quite suitable for practical purpose though these defects are 
removed in recent classifications. 
Merits: (i) Give the phylogenetic relationship. 
(ii) Has resulted in the development of experimental taxonomy. 
(iii) Has the systemic thoroughness and is widely accepted. 


1.4.1. MINOR UNITS OF CLASSIFICATION 


The lowest unit of hierarchic system of classification is species, which aggregate 
together to form genus and the related genera form the families. These three constitute 
the minor unit of classification. 

la] Species: They are defined as the smallest group of potentially interbreeding 
natural population, which are reproductively isolated from other groups. They are the 
second epithet in a scientific name. The reproductive isolation is the most important 
character, if the individuals of one species breed with other species, then sterile 
individuals are produced. These species are usually morphologically distinct and can 
be identified on the basis of the physiological behaviour and habitat, which are as 
follows.: 

(i) Sibling species : The species are morphologically similar but physiologically 
different e.g. The female Anopheles look alike but only some carry the malarial parasite. 

(ii) Allopatrie species: The same species occupy different geographical habitat 
due to continental drift and ultimately develop reproductive isolation or structural 
variation. e.g. African and Indian Lion. 

(iii) Sympatric species : The two different species sharing the same habitat and 
having similar nutritive habits. e.g. Entamoeba and Ascaris remaining in the small 
intestine of human beings. 

(iv) Genus : It is defined as taxonomic group formed of closely related species 
resembling in their reproductive characteristics. They represent a noun and remain as 
the first epithet of a scientific name. As per the ICBN, it always begins with capital 
letter. 

[b] Family: It is a taxonomic group formed of related genera which may have 
some broad resemblances. 

The plant families mostly end with “ceae”, like Verbenaceae, Solanaceae etc. 
Animal families may end with “dae” like Hominidae (human family) ; Bufonidae 
(frog family). They are not a part of scientific name. 


1.4.2. VERTICAL AND HORIZONTAL CLASSIFICATION 


Vertical classification and Horizontal classifications are the recent trends of 
classification. Vertical classification indicates the evolution of the present day plants 
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and animals from their respective ancestors, thus the system reflects their phylogeny: 
Horizontal classification on the other hand, indicates relationship between the existing 
plants and animals. It is n e with data from other branches of biological 


sciences. 
ee eee REVISIONS Bee 


[1} Taxonomy : The theoretical basis of classification including its principles, 


procedures and rules. 
[2] ‘Systematics : The scientific study of diversity of organisms and their inter- 


relationships. 


[3] Taxonomic key : A systematic framework for tabulation of organisms with a 
sequence of class at each level and gradually deriving more restricted classes 
from broader groups. 

[4] Classification : The ranking of organisms into groups on the basis of 
similarities or closeness or relationship. 

Types of Classification: Artificial, Natural and Phylogenetic. 


1.5. Modern Taxonomy and its Relationship with other Branches of 


Biology 

Modern taxonomy has crossed the barrier of simple morphological considerations 
studied under classical taxonomy. Recent years have seen the development of numerical 
taxonomy, chemosystematics and even serological considerations. There has been more 
stress on cladistic evaluation (evolutionary sequence) of species, This development 
would not have been possible unless there was incorporation of adequate data from 
fields of Anatomy, Embryology, Cytology, Ecology and Palynology. They can be 
summarised in the following way: 

[1] Anatomy and Taxonomy : Study of trichomes, primary and secondary 
conducting tissue, ray cells have been carried out in sorting out taxonomical problems 
like separation of families Costaceae and Zingiberaceae, affinities between 
Papaveraceae, Cruciferae and Capparidaceae etc, 

[2] Embryology and Taxonomy : The study pattern of development of embryo, 
seed coat, pollen grain is equally important e.g. Removal of Trapa from Onagraceae, 
separation of family Viscoideae from Loranthaceae. 

[3] Cytology and Taxonomy : The preparation of karyotype (chromosome map) 
is particularly important in order to study a particular species, Generally primitive species 
have lesser chromosome number, and long chromosomes in comparison to recent ones. 

[4] Ecology and Taxonomy : The ecological considerations have helped us to 
understand phylogeny of a species and also in determining allopatric or sympatric 
speciation. 

[S] Palynology and Taxonomy : The study of pollen grain is particularly based 
on number, position and character analysis of pollen grains (NPC system). It was 
particularly used in the phylogenetic system of classification of Cronquist. Generally 
each family has a particular pollen character and phylogeny is traced after thorough 
examination of fossil pollen grains, since fossil pollen grains are quite common in 
nature as the exine contains a tough substance sporopollenin. 
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But the taxonomic knowledge in the present day context yet seems to be incomplete. 
There will be further development with the incorporation of data from other branches 
of Biological Sciences. 


1.5.1. RELATION BETWEEN TAXONOMY AND CLASSIFICATION 


Taxonomy actually provides the rules and regulations based on which a classification 
system is created. Thus taxonomy provides the theoretical basis of classification. The 
principles of taxonomy are updated regularly in the form of international codes. 
Classification system also can be changed, but ĩt is only upto a certain extent, otherwise 
a new system is created. The development of taxonomy has taken place from classical 
to numerical taxonomy, whereas the classification system started as an artificial method, 
then became natural and ultimately is phylogenetic in nature. Taxonomical views have 
always helped in the gradual evolution of classification system. 


1.6. Outlines of Plant Classification 

The outline of natural plant classification by G. Bentham and J. D. Hooker has 
already been illustrated in article 1.4. In fact a single classification cannot include the 
details of virus, bacteria, thallophytes, bryophytes, pteridophytes, gymnosperms and 
angiosperms. So in this article individual classifications of all the groups and their 
authors are illustrated. 


1.6.1. VIRUS 


Andre Lwoff (1966) included virus under the phylum vira and divided them into 
two sub-phyla, five classes, eight orders and twenty one families. 
The outline is as follows : 


Sub-phylum Phylum Vira (Acellular) 

Deoxyvira Ribovira 
(Containing DNA) (Containing RNA) 
Deoxyhelica Deoxycubica Deoxybinala Ribohelica Ribocubica 
(Helical) (Cubical) (Bisymmetrical) (Helical) (Cubical) 
e.g. Pox virus Herpes virus Phage virus Myxo virus Arbo virus 


1.6.2. BACTERIA 


William and Shaw (1989) considered bacteria under the class Schizomycetes and 
divided it into ten orders, that includes Actionomycetes, Mycoplasma and Spirochaetae. 
The outline of this classification is given below : 
Name of the 


Common Major Characters 
Order Name 


[1] Eubacteriales | True Bacteria | Unicellular, reproduce by fission, 
saprophytic, parasitic of symbio- 
tic in nature. 

Unicellular, some are stalked 
photosynthetic, chemosynthetic 
or parasitic in nature, reproduce 
by fission. 


Azotobacter, Bacillus, 
Rhizobium, Pasteure- 
lla, Clostridium. 
Chromatium, 
Chlorobium, Nitroso- 
monas Desulphovi- 
brio. 


Pigmented 
sulphur 
bacteria. 


[2] Pseudomona- 
dales 


16 A TEXT BOOK OF BIOLOGY 


Common Major Characters 
Name 


Filamentous Chains of colourless cells with 
sulphur gliding movement, include sap- 
bacteria rophytes and parasites ; repro- 
duce by fission. 

Chains of colourless cells with 
disc-like nuclear bodies, habitat 
is in the intestine of animals 
and also in decomposed organic 
matter containing water. 

Chains of colourless cells, enshea- 


Name of the 
Order 


[3] Beggiatoales 


§ Filamentous 
Sheathed 
bacteria 


[4] Caryophanale 


[5] Chlamydo- Filamentous 


bacteriales Tron bacteria thed in mucilage containing iron 
i oxide, reproduces by fragmenta- 
tion or by producing motile ase- 
xual spores: 0 1 
[6] Hyphomicro- Unicellular, saprophytic or 
biales sometimes photosynthetic in 


nature, reproduce by the produc- 
tion of buds arising from the end 
of the stalk. 

External slime layer for protec- 
tion and creeping movement, 
cell wall is flexible, unicellular, 
forms fruiting bodies, microcysts 
and saprophytic in nature. 


[7] Myxobacteria. Slime bacteria. 


[8] Actinomyce- | Actinomycetes. | Branched filaments, reproduce 
tales. by fragmentation and fission and 
also by producing conidia. 
[9] Mycoplas- Pleuro pneumo- Flexible cell wall, pleomorphic 
matales. nia like organisnſ filamentous or small elementary 
(PPLO). bodies, saprophytic or parastitic 
in nature, passes through bacterial 
filters. { 
[10] Spirochae- | Spirochaetes. | Long helical cells with flexible 
tales, Wall, exhibits squirting move- 


ments, saprophytic or parasitic in 
nature. 


1.6.3. ALGAE 


Beggiatoa. 


Caryophanon, 
(Grows in cow dung), 


Sphaerotilus. 


Hyphomicrobium, 
Rhodomicrobium. 


Cytophaga 
(Cellulose decompo- 
sing bacteria). 


Streptomuces, 
Mycobacterium. 


Mycoplasma 
(Causes pleuro- 
pneumonia in 
cattles). 


Treponema, Borrelia; 
Leptospira. 


The first detailed classification of algae was given by Fritsch (1945), where he 


divided the group into II classes. 
They are as follows : 


(i) Chlorophcease (green-algae) consisting of 9 orders. e.g. Volvox. 


(i) Xanthophyceae (yellow green algae) consisting of 4 orders. e.g. Vaucheria. 
(ii) Chrysophyceae (golden brown algae) consisting of 3 orders. e.g. Chromulena. 
(iv) Bacillariophyceae (diatoms) consisting of 2 orders. e.g. Fragilaria. 

(v) Cryptoplyceae (cryptomonads) consisting of 2 orders. e. g. Hillea. 

(vi) Dinoplyceae (dinoflagellates) consisting of 6 orders. e. g. Desmocapsa. 
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(vii) Chloromonodineae (chloromonads) consisting of a single order. e.g. 
Trentonia. 
(viii) Euglineae (englenoids) consisting of single order. e.g. Euglena. 
(ix) Phaeophyceae (brown algae) consisting of 9 orders. e.g. Ectocarpus. 
(x) Rhodophyceae (red algae) consisting of 6 orders. e.g. Polysiphonia. 
(xi) Myxophyceae (blue green algae) consisting of 5 orders. e.g. Nostoc. 
Bold and Ynne (1978) gave a recent classification, where algae was divided into 9 


divisions. They named all the groups as phyco (= algae) phyta excluding the procaryatic 
blue green algae. The classification is as follows : 


[i] Cyanochoronta (Blue Green algae) 

[ii] Chlorophycophyta (Green algae) 

[iii], Charophycophyta (Dendrobial green algae) 
[iv] Euglenophycophyta (Euglenoids) 

[v] Phaeophycophyta (Brown algae) 

[vi] Chrysophycophyta (Golden brown algae) 
[vii] Pyrrhophycophyta (Dinoflagellates) 
[viii] Cryptophycophyta (Cryptomonads) 

[ix] Rhodophycophyta (Red algae) 


1.6.4. FUNGI 

The first major classification of fungi was provided by Gwynne-Vaughan and 
Barnes (1937), in which fungi was divided into 4 major classes and myxomycetes was 
not included in fungi. The outline of this classification is as follows : 


Fungi 
Members with aseptate mycelium Members with 
Phycomycetes septate mycelium 
e.g.» Mucor 
Ascomycetes Basidiomycetes Deuteromycetes 
Members with Members with Members without 
endogenous ascospores exogenous basidio- sexual reproductive 
e.g. Saccharomyces spores. structures 
e.g. Agaricus e.g. Fusarium 


J. Webster (1980) gave the most recent classification, in which fungi was divided 
into Myxomycota and Eumycota, the former was directly divided into four classes, 
while the latter was divided into 5 sub-divisions and 17 classes, as detailed below : 


2253—2 
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Fungi 
Division : 


MYXOMYCOTA EUMYCOTA 
(Presence of Plasmodium) (Absence of Plasmodium) 


Class: 


Acrasiomycetes Labyrinthulales Myxomycetes Plasmodio- 
phoromycetes 


Sub-Division : 


MASTIGO- ZYGO- ASCO- BASIDIO- DEUTERO- 
MYCOTINA MYCOTINA MYCOTINA MYCOTINA MYCOTINA 
(Zoospores (Zygospore (Ascospores (Basidiospores) (No perfect 
present) present) present) present) stage) 

Class: 4 
Chytridiomycetes Zygomycetes Hemiascomycetes Teliomycetes Blastomycetes 
Hyphochytri- Trichomycetes Loculoascomycetes | Hymenomycetes Hyphomycetes 
diomycetes Plectomycetes Gasteromycetes  Coclomycetes 
Oomycetes Laboulbeniomycetes 

Pyrenomycetes 

Discomycetes 


1.6.5. BRYOPHYTE 
The bryophytes include a group of amphibious plants, which can survive both in 


land and water. 
Eichler (1883) for the first time divided bryophytes into 2 classes, Hepaticeae and 
Musci. Parihar (1965) gave a detailed classification of bryophytes and itis as follows : 


Bryophyta 
Class 
Hepaticopsida Anthocerotopsida Bryopsida 
Order 


Anthocerotales 
e. g. Anthoceros 


Marchantiales Sphaerocarpales 
e.g. Riccia e.g. Sphaerocarpus 
Jungermanniales Calobryales Sphagnales Bryales 
e.g. Pellia e.g. Calobryum e.g. Sphagnum | e.g. Pogonatum 


Andreaealas 
e.g. Andreaea 
1.6.6. PTERIDOPHYTE 
This group of plants are known as the first terrestrial vascular plants because they 
have true xylem and phloem. Smith (1955) gave the most detailed classification of 
pteridophytes, where it was divided into 4 divisions, 4 classes and 17 orders. It is as 
follows: 
1. Division 1: Psilophyta 
Class I Psilophytinae. 
Order I :  Psilophytales (fossil). 
Order II : Psilotales (Psilotum). 
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2. Division II: Lepidophyta 


Class II : Lycopodinae. 
Order III : Lepidodendrales (fossil). 
Order IV : Lycopodiales (Lycopodium). 
Order V : Selaginellales (Selaginella). 
Order VI : Isoetales (Isoetes). 

3. Division III: Calamophyta 

Class III Egquisetinae. 
Order VII Hyeniales (fossil). 
Order VIII: Sphenophyllales (fossil). 
Order IX : Equisetales (Equisetum). 

4. Division IV : Pterophyta 

Class IV : Filicinae. 

Sub-class I +- Primofilicales. 
Order X Archeopteridales (fossil). 
Order XI Protopteridales (fossil). 
Order XII : Coenopteridales (fossil). 

Sub-Class II : Eusporangiatae (Sporangia borne in sori). 
Order XIII :,. Marattiales (Marattia). 
Order XIV + Ophioglossales (Ophioglossum). 

Sub-Class III : Leptosporangiatae (Sporangia borne in sori). 
Order XV : -Marsileales (Marsilea). 
Order XVI : Salvineales (Salvinea). 


Order XVII Filicales (Dryopteris): 


1.6.7. GYMNOSPERMS 


The gymnosperms belong to a group of plants which are naked seeded. D. D. Pant 
(1979) gave a comprehensive classification of gymnosperms, in which the group was 
divided into 3 divisions and 9 classes. The classification is as follows : 

[1] Division 1: (Cycadophyta 

Class 1: Pteridospermospida—6 orders: Lyginopteridales to Caytontiales 
(all fossil members). 


Class 2 : Cycadopsida — Order—Cycadales-e. g.: Cycas. 
Class 3: Pentoxylopsida — Order—Pentoxylales (fossil). 
Class 4: Cycadeoideopsida — Order—Cycadeoidales 

[2] Division II: Coniferophyta 
Class 5: Coniferopsida — Order—Cordaitales (fossil). 


Order—Coniferales-e.g, : Pinus. 
Order—Ginkgoales-e.g. Ginkgo. 


Class 6: Ephedropsida — Order—Ephedrales. e.g. Ephedra. 
Class 7: Czekanowskiopsida | — Order—Czekanowskiales (fossil). 
Class 8 : Taxopsida — Order—Taxales e.g. Taxus. 

[3] Division III: Chlamydospermophyta 
Class : Gnetopsida — Order—Gnetales e.g. Gnetum. 


Order—Welwitschiales 
e.g. Welwitschia. 
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1.6.8. ANGIOSPERMS 


The angiosperms or the flowering plants are the highest evolved organisms in the 
plant kingdom. G. Bentham and J. D. Hooker (1862—1883) divided angiosperms 
into 200 families and the broad divisions are as follows: 

Division : Angiosperms 


Class | 
Dicotyledons Monocotyledons 


e.g. Pisum sativum e.g. Oryza sativa 
Polypetalae Gamopetalae Monochlamydae Series: 
Microspermae 
Curvembryae Epigynae 
Thalamiflorae Calyciflorae Bicarpelatae —Multiovulate oronarieae 
Heteromerae quaticae Calycineae 
Disciflorae Inferae Multiovulate Nudiflorae 
terrestries Apocarpae 
Microembryae lumaceae 
Daphnales 
Achlamydosporae 
Unisexualis 


Ordines anomalae 


1.7. Diagnostic features of different plant groups 
(1) Virus: 
(i) The body of virus is formed of nucleic acid and protein. 
(ii) They can only replicate within specific host. 
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Fig. 1.8: Bacteriophage. 
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(iii) They have the ability to produce bacteriocidal compound lysozyme like higher 


animals, 
(iv) They lack nucleus and other cell 
organelles, Pelpomere 
(v) They lack life processes like Spike 


respiration, metabolism and excretion. 

(vi) They possess high specific gravity like 
inorganic substances. Capsid 

(vii). They can be drawn into crystals at very 
low temperatures. 

(viii) They donot respond to external stimuli, 

(ix) They do not grow in synthetic cultures. 

(x) They have the ability to show mutation, 

The useful viruses are bacteriophage which destroy bacteria while the attenuated 
strain of polio virus is used in the preparation of vaccine. 

(2) Bacteria ; 

(i) They are unicellular prokaryotic organisms. 
(ii) They may be parasitic, saprophytic, photosynthetic or symbiotic 
in nature. 

Gii) The cell wall is non-cellulolosic in nature, commonly consists of 
peptidoglycan. 

(iv) The nucleus is devoid of nuclear membrane. 

(v) The respiration is brought about by mesosome. 

(vi) The photosynthetic pigment remains stored in the Fig. 1.10: 
chromatophores. Streptococci. 

(vii) The ribosomes are 70 S in nature. 

(viii) They divide by amitosis. 

(ix) The asexual reproduction takes place by endospore 
formation. 

(x) The sexual reproduction in bacteria takes place by 
conjugation, transformation and transduction. 

Useful bacteria : 

Bacillus subtilis produces antibiotic bacitracin ; Agrobacterium 
tumefasciens produces Ti plasmids useful in genetic engineering. 

(3) Algae: 

(i) The organism may be unicellular, 
filamentous, colonial or dendrobial in nature. 

(ii) It can be prokaryotic (blue green algae) 
or eukaryatic in nature. 

(iii) The pigments are of various types i.e., 
blue green-cphycocyanin, red-r-phycoerythrin, 
green-chlorophyll, brown-fucoxanthene, 
yellow-xanthophyll molecules. 

(iv) The cell wall is cellulosic in nature. 

(v) The flagella is eukaryotic in nature i.e., 
it contains (9+2) microtubules. 


Fig. 1.9 : Herpes virus. 


Flagella 


Fig. 1. 12: 
Chlamydomonous. 
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(vi) The sex organs are multicellular with a sterile jacket. 
(vii) There is no embryo formed, the zygote immediately undergoes meiosis and 
forms the haploid plant body. 
(viii) They may be-aquatic (fresh water and marine), terrestrial, epiphytic, parasitic 


or endophytic in nature. 
(ix) They reproduce’ 


by vegetative, asexual and sexual means. 


(x) The major storage food is starch and cyanophycean starch. 


(4) Fungi: 


(i) The fungi are heterotrophic organisms devoid of chlorophyll, either saprophytic 


or parasitic in nature: 


Sporangium 


Sporangio- 
phore 


Fig, 4.14: Mucor. 


( vii) They exhibit the 
forms. 


(viii) The sexual reproduction is by syngamy, 


fertilization. 


(ix) The stored food is glycogen, mannitol, but never 


starch. 
(x) The life cycle is 


phases, though an intermediate (n+n) dikaryotized stage 


(ii) They may be unicellular or multicellular, formed of 
filamentous structures called mycelia or hyphae. 

(iii) The cell wall consists of different polysaccharides, 
including a nitrogenous polysaccharide called chitin. 

(iv) They are always eukaryotic in nature, though chloroplast 
is absent. 

(v) It is without green pigment chlorophyll, but non-green 
pigment like violet neo-cercosporin, orange coloured carotene 
present. 

(vi) They reproduce vegetatively by fission, fragmentation 
and budding. 
highest number of asexual spore 


divided into haploid and diploid 


may be present in certain fungi (Basidiomycetes). Fig. 1.15 : Agaricus. 


(5) Bryophyte : 


(i) The plants are amphibious in nature. 


2 57 


Fig. 1.16 : Riccia. 


biflagellate antherozoids. 

(v) The female reproductive organ is archegonia, which is 
flask shaped with a swollen venter containing egg and ventral 
canal cell and a long neck containing neck canal cell. . 

% (vi) The antherozoids move towards archegonium by = 


chemotaxism. 


` (vii) The sporophyte. 


(ii) The plant body may be thalloid or leafy in nature. 

(iii) The gametophytie plant body ʒ p- 
is prevalent and the sparophyte is Hel cabslle 
dependent on the gametophyte. e 

(iv) The antheridia are the male 
reproductive organ, which is chib 
shaped in nature producing the 


Fig. 1.17: Pogonatum. 
is differentiated into foot, seta and capsule. 
EA D 
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(viii) The capsule shows progressive sterilization of sporogenous tissue. 

(ix) Spore dispersal method is noted in higher forms of bryophytes. 

(x) The conducting tissue is absent in the thalloid form, but present in the leafy 
forms in the form of thick walled hydrome and thin walled leptome. 

(6) Pteridophyte ; 

(i) They belong to a group of plants called vascular cryptogams | because key 
have true xylem and phloem tissue: 

Gi) The life cycle shows alternation between sporophytic 
and gametophytic forms, both sporophyte and gametophyte are 
independent of each other. 

(iii) The spore bearing structures are sporangia, which may 
be either borne by the strobilus or by the sorus. 

(iv) The haploid spores germinate to produce the primary 
or secondary protonema and finally the prothallus as the 
gametophytic plant body. 

(v) The spores may be heterosporic (i. e., differentiated into 
male microspore and female 
megaspore) in Selaginella, incipient , Fig. I. IS: Dryopteris. 
heterosporic in Equisetum arwense and homosporic in fern. 

(vi) The gametophyte contains the male reproductive 
structure antheridia, which is globose and produces the 
multiflagellate antherozoids. 

(vii) The female reproductive organ is archegonia, which 
is flask shaped with a very short neck and venter. 

(viii) Fertilization is within the archegonium. 

(ix) The gametophyte contains chlorophyllous cells and 
so can prepare its own food. 

(x) There may be scales, smooth walled and tuberculate 
rhizoids present in the gametophyte. 


<- 


Fig. 1.19 : Equisetum. 


(7) Gymnosperm : 
(i) The plants are naked seeded. 
Gi) The stem shows massive secondary xylem without vessel. 
(iii) The leaves may be scaly, needle shaped or with a 
broad lamina. 
(iv) The roots are invested with mycorrhizal fungi. 
(v) The reproductive structures are borne in male and 
female strobilus. 
(vi) The male gametophyte is represented by pollen 
grains, disseminated by wind at 4 or 5 nucleated stage, 
(vii) The female gametophyte is formed within the naked 
ovule. 
(viii) The endosperm is haploid in nature formed within 
the ovule before fertilization. 
(ix) The phenomenon of polyembryony is commonly seen 
in many of the members. 
(x) The seed dispersal method is usually absent, they 
usually germinate, when the female cone falls on to the ground. 


Fig. 1.20: Pinus. 
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(8) Angiosperms: 
(i) They are flowering plants. 
NCS (ii) Seeds are borne within the fruit. 

(iii) The plants may be monocotyledonous or dicotyledonous on 
the basis of the number of cotyledons present in the seed. 

(iv) The stem shows secondary xylem with xylem vessels. 

(v) The roots may be tap root 
system or fibrous root system. 

(vi) The leaves have broad 
lamina, which may be with parallel 
or reticulate venation. 

Ra: (vii) The complete flowers have 
— — A4 whorls, which are calyx, corolla, se 
Fig. 1.21: Paddy: androecium and gynoecium. a 

wa eg ole (viii) They usually exhibit |’ 
double fertilization, i.e., endosperm is triploid in nature 
formed after fertilization. 

(ix) Polyembryony is usually absent. 

(x) There is well developed fruit and seed 
dispersal method. 


Fig. 1.22 : Chinarose : dicot plant. 


1.8. Some economically important plants 


1.8.1. ALGAE : Spirulina. 
[1] Systematic Position : (Fritsch, 1945) 
Class : Myxophycleae 
Order : Nostocales 
Family: Oscillatariaceae 
Genus: Spirulina 
Indian species: S. platensis, S. pacifica. 
[2] General Characters :The plant body is a filamentous 
blue green algae, not divided into cells, but appear as an 
undifferentiated filament. It is enriched in protein, carotene 
pigment, 7 linolenic acid. It is cultivated at high pH mostly 
during summer season. The protein content becomes maximum 
in 2 weeks time. 
[3] Useful part: The entire plant body is useful. 
[4] Uses: 
(i) It is consumed as a protein rich food (65-70% protein). 
(ii) Commercial production of B carotene. 
(ii) The phycocyanin pigment obtained from the plant body 
is used in cosmetic purposes. | 
(iv) It is an useful antioxident because of the high mineral Fig. 1.23 : Spirulina 
content. filament. 

(v) The y linolenic acid is an essential fatty acid (present in mother’s milk). 

(vi) The enzyme super oxide dismutase present in the plant body prevents aging in 
human. 
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1.8.2. FUNGI : Mushrooms: 


(1) Introduction : The mushrooms inelude a group of higher fungi which belong 
to the division Eumycota and sub-division Basidiomycotina. This may include the 
various edible forms like the button mushroom as Agaricus bisporous ; oyster mushroom 
or Pleurotus sajar-caju, paddy straw mushrooms or Volvariella volvacea and the milk 
white mushrooms or Calocybe indica. It may also include the deadly poisonous. Amanita 
phalloides or non-edible, non-poisonous forms like Coprinus, Inocybe. But considering 
the global acceptibility and palatability of the button mushroom Agaricus, itis discussed 
in the ongoing paragraphs. 

[2] Systematic Position : (Webster, 1980) 

Division: Eumycota 
Sub- division: Basidiomycotina 
Class: Hymenomycetes 
Order: Agaricales 
Family: Agaricaceae 
Genus: Agaricus 
Indian species: A. campestris, A.bisporus, A. bitorquis. 

3] General Characters: The fungi is saprophytic, 
contains septate mycelia, the spore bearing structures are 
called basidiocarps, which are edible and bears the basidia 
and basidiospores. The basidiocrap consists of a stalk like 
stipe and umbrella like pileus and the lower surface of the 
pileus consists of gills. k 

[4] Useful parts: The entire basidiocarp is edible, 
but they are usually collected for consumption at their early 
stage of development. 


[5] Uses: 
(i) The sporocarp is consumed as a protein enriched. Fig. 1.24 : Agaricus 
vegetable diet. basidiocarp. 


(ii) The percentage of protein is 4—5 %. 
(ii) The cholesterol content is low, so it is good for cardiac patients. 
(iv) As it grows on waste materials enriched in cellulose, it is an ideal way of 


recycling them. 
(v) It can be an useful export item and can bring in foreign exchange. 


1.8.3. BRYOPHYTE : Sphagnum. 
[1] Systematic Position: (Parihar, 1960) 
Division: Bryophyta 
Class: Bryopsida 
Order: Sphagnales 
Family: Sphagnaceae 
Genus: Sphagnum 
Indian species: S. teres; S. ovatum. 
[2] General Characters: The Sphagnum is a leafy bryophyte. The gametophytic 
plant body is differentiated into rhizoidal roots, non-woody reduced stem and leaves. 
The sporophyte is differentiated into foot, seta and capsule, it is dependent on the 
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gametophyte. It is a cosmopolitan moss, but grows well in swampy, semi-aquatic areas. 
It is also called bog moss or turf moss or peat moss. 

[3] Useful parts: The entire plant body is 
useful, even the dried plant body ĩs used as peat fuel. 

[4] Uses: | 

[i] As an antiseptic material: Sphagnum has 
antiseptic properties and during First World War, it 
was extensively used as a substitute for cotton in 
dressing of wounds. 

[ii] As a packing material: | Sphagnum rapidly 
absorbs water and has a high water-holding capacity 
and hence used as a packing material in the shipment 
of various living materials like seedlings, flowers, 
cuttings, bulbs etc, Because of its soft, spongy texture, 
it also acts as a: mechanical buffer for fragile 
materials. 

[iii] As fuel and source of industrial material : 
As a result of its rapid growth and huge accumulation, 
Sphagnum shows slow decomposition in swamps and 
bogs and ultimately forms a compact, carbonised 
peat, commonly used as a fuel in different parts of 
Europe like in Scotland, Ireland, Wales. The peatalso 
produces various industrial materials like paraffin, 
acetic acid, ammonia and tar. 

[iv] In reclamation of soil: Sphagnum induces 
ecosere and transforms an aquatic ecosystem into 
peatland ecosystem and there by helping in the reclamation of soil. It also maintains 
the acidic pH of the soil, which is particularly useful for the growth of specific plant 
vegetation. 

[v] In seed bed and as greenhouse material: Sphagnum is enriched in moisture 
and therefore it is used in preparing seedbed and also in the greenhouses us a rooting 


medium. 


1.8.4. PTERIDOPHYTE : Marsilea. 


[1] Systematic Position : (After Smith, 1953) 
Division : Pteridophyta 
Class : Filicinae 
Order : Marsileales 
Family : Marsileaceae 
Genus: Marsilea 

Indian species: M. condenseta, M. quadrifolia. 

[2] General Characters: Marsilea isan aquatic fern, it is a typical non-woody 
vascular plant with rhizomatous stem, quadrifoliate leaves, long petiole and the spore 
bearing structures are called sporocarp. 

[3] Useful parts: The entire plant body along with the reproductive structure is 
useful. 


Fig, 1.25 : Sphagnum plant body. 
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[4] Economie importance: The various economic importances are as follows: 
[i] As food: Leaves of Marsilea are commonly consumed as vegetable: sporocarps 
are eaten as food and the whole plant is also a good cattle food. 


8 Young 
Leaf 


— —Sporocarp 


ej 


Fig. 1.26 : The Marsilea plant with sporocarp. 
[ii] As medicines : Different parts of Marsilea are useful.as medicines, the plant 
extract is used in curing nerve-ailments. The leaf extracts are used as sedative and also 
to relieve muscular pains. The active principle Marsilin extracted from Marsilea is 


effective in treating cancer. 


[iii] As a source of starch : Marsilea contains huge amount of starch and is used 
in bakeries and other food industries as a potential source of starch. 


1.8.5. GYMNOSPERM : Pinus. 


[1] Systematic Position: (As per D. D. PANT, 1979) 


Division : Coniferophyta 
Class : Coniferopsida 
Order: Coniferales 
Family : Pinaceae 
Genus: Pinus 


Indian species: I roxburghii, P. armandi, P._| 


gerardiana. 
[2] General Characters: Pinus is a woody tree, 


typically excurrent in habit, the root is tap root | 


system, profusely infested with vesicular arbuscular 
mycorrhizal fungi, the leaves are scaly or spiny in 
nature. The male cone is smaller, non-woody and 


borne in cluster containing the microsporangia. The | 
female cone is woody, larger in size, bears the ovules. | 
Fertilization is simple, polyembryony is common. 
There is no definite spore dispersal method observed. 

[3] Useful parts : The secondary wood of the i 


stem, the resin obtained from the stem, the cone, the 
ovule. 


Fig. 1.27 : The shoot of Pinus 
bearing male and female cones. 
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[4] Uses : Most of the species of Pinus have economic importance and they are 
discussed below : 

[i] As timber : The wood of Pinus palustries is used in ship-building, making of 
the bodies of trucks and floor of wagon. The wood of P. roxburghii, P. wallichiana and 
P. nigra are used in making furnitures, packing cases, door-frames, match sticks. 

[ii] As resin: Various species of Pinus, viz. P. roxburghii, P. insularis are the 
potential sources of oleo-resin and terpentine, used in the manufacturing of paints and 
varnishes, lacquers and medicines. 

[iii] As amber: It is a fossil resin (B. ‘pala’) obtained from a fossil member called 
Pinites succinifera and is a precious material used in jewellery. 

[iv] As food: The seeds of many species like P. gerardiana, P. edulis are edible 
and commercially termed as chilgoza, The fatty oil extracted from P. cembra is also 
edible, 

[v] As medicines :. The extracts of seeds of P. roxburghii is used against stomach 
disorders and gonorrhoea. 

[vi] As decoratives : Majority of Pinus species are grown as decorative plants, 
both in the garden as well as in the roadside areas, preventing soil erosion in the temperate 
condition. 


1.8.6. ANGIOSPERMS 


I. Monocotyledonae : Bamboo 
[1] Systematic Position: 
Class : Monocotyledonae 
Order : Glumiflorae 
(Series) 
Family : Gramineae 
Genus: Bambusa 
Indian species: B. arundinacea. 


[2] Floral formula: Br. ®Q'P,A,G, 

[3] General Characters : Arborescent perennial herb, stem cylindrical with solid 
node and hollow internode, leaves with very short petiole, leaf 
blade triangular, flowers bisexual, bracteate, trimerous, perianth 
3, stamens 6 in 2 whorls, carpel solitary, ovary superior, one 
chambered, single anatropous ovaule, stigma bifid, fruits caryopsis. 

[4] Useful parts: The entire plant, the stem, leaves flowers 
are useful. 

[5] Uses: 

(i) The ply bamboo is used for wall panelling, floor tiles, 
paper making etc. 

(ii) It is used for reinforcing beams of buildings. 

(iii) It has a general aesthetic beauty, used for wind break and 
landscape design. Fig. 1.28 : Bamboo 

(iv) A common plant of agroforestry. plant. 

(v) Used in the making of art works, handicrafts. 

(vi) Ancient historical records (12th century BC) are written on bamboo strips. 
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(vii) It may be used as a domestic fuel. 
(viii) A rural, building material also used in urban areas for painting, plastering 
buildings. 
(ix) It is used in preventing soil erosion and protect the fragile river beds. 
(x) Different musical instruments like flute are made out of it. 
(xi) Used in chinese acupuncture and in ayurveda. 
(xii) Medicines for cough, asthma are prepared, root extract is used in kidney 
diseases. 
(xiii) The pulvarized bamboo barks are used as an antioxidant. 
(xiv), Bamboo extract is antibacterial in nature and may be used as food preservative. 
(xv) Bamboo shoots are directly consumed in chinese preparations. 


II. Dicotyledons: (a) Jute: 
[1] Systematic Position: 
Class: Dicotyledonae 
Order : Malvales 
Family : Tiliaceae 
Genus : Corchorus 
Indian species: C. capsularis ; C. olitorius. 


[2] Floral formula: GG K; C, A. Gg 


[3] General Characters : Jute is a fibre yielding semi-woody shrub, the fibres are 
obtained from the secondary phloem fibres of the stem, the plant may be 6-10 m in 
height, woody branches present, the leaves are lens shaped with serrated margin, the 


Fig. 1.29 ; Jute plant and its useful products, 
flowers are bisexual, regular, pentamerous, ovary superior, fruits capsule and seeds 
exalbuminous. There are 2 major cultivated species of Jute, viz. Corchorus capsularis 
(Teeta pat or white jute) and Corchorus olitorius (Mitha pat or tassa pat). 
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[4] Characteristics of Jute fibre : 

li], They are elongated, sclerenchymatous fibres of secondary phloem. 

[ii] Individual fibres are joined with each other, showing interlocking pattern and 
ultimately forma long, lignified fibre with bigger diameter, 

liii] The fibres are tough, stiff, lustrous and pale yellow to white in colour. 

liv] They have a silky appearance and may. be 6-10 ft. long: 

he fibres are grouped in alternate, concentric rings. 

[vi] The fibres are separated from the main stem by bacterial fermentation 
(Clostridium sp.), commonly termed as retting. 

[vii]; Each bundle represents one strand (reed) consisting of fifty fibre cells. 

[5] Useful parts: Jute fibres, stem, leaves, seeds are economically useful. 

[a] Fibres : 

li] Jute fibres are used in the manufacturing of bags, sacs, ropes, tarpaulins, oil 
cloths, twines, linoliums, canvases, gunny bags etc. 

[ii] The superior quality fibres are also used in the preparation of paper boards, 
Coarse-cloth, rugs, carpets, curtains and various upholstery products. 

[b] Sticks: 

[i] After the extraction of fibres, the jute sticks und their broken ends or batts are 
used as fuel. 
[ii] The sticks and butts are also used in the manufacturing of paper boards. 

liii] They may be used as a fencing material or thatching roofs, 

liv] They are used in garden as support to twiners and climbers. 

le] Leaves: The leaves of Corchorus olitorius (mitha pat) is consumed as a 
vegetable, 

[d] Seeds : The oil extracted from the seeds is used in the manufacturing of 
varnishes, soaps, cosmetics, paints erc. 

[6] Processing of jute fibres: 

[i] The fully-grown jute plant is harvested just before fruiting, during the period 
June-September, 4 

[ii] The harvested plants are left for sometime in the ground for the shedding of 
leaves. 

liii] They ate tied in bundles and immersed in a Shallow“ part of stagnant water- 
body for the fermentation activity of bacteria like Clostridium acetobutyricum. 

liv] The fibres get lossened from the main-stem by the destruction of pectins, gums 
and other mucilaginous substances. The whole process of separation of jute fibres 
from the jute stick may take a total time of 5 weeks and it is termed as retting. 

[v] The post-retting extraction of fibres is done manually, when the terminal end 
of the sticks are broken with a hammer and Separated as butts. The released fibres from 
the butts are tied to hand and given a ‘to and fro’ jerking in water, by which the fibres 
get separated from the jute stick, 

[vi] The extracted fibres are thoroughly washed in clean water and kept well spread 
Out in the sun for about 2-3 days for drying. t 


bun] The dried fibres are tied into bundles or bales and sent to the market for sale or 
to the godowns for storage, ) ki 
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(b) Lemon: 
[1] Systematic Position: 
Class : Dicotyledonae 
Order : Geraniales 
Family : Rutaceae 
Genus : Citrus 


Fig. 1.30 : Lemon flower. 


Indian species: C, medica, C, decumana, 
[2] Floral formula: G K. C'A; sG 


[3] General Characters; Shruby habit, stem woody, leaves alternate, lamina gland- 
dotted, petiole winged, flower regular, pentamerous, stamens free, ovary superior, axile 
placentation, fruit hesperidium, seeds non-endospermic, 

[4] Useful parts : Leaves and fruits. 

[5] Uses: 

(i) The leaves may be used for imparting flavour to food. 
(ii) Lemon juice is consumed as a drink. 
Gii) The fruit is the raw material for the preparation of industrial citric acid. 
(iv) In the making of pickles. 
(v) It can also used in cooking for imparting the sour taste. 
(vi) Itis used for curdening of milk. 


1.9. Life Cycle 

The life cycle of an organism shows the sequence of events taking place in the life 
of an organism. It can be broadly classified into two major phases, viz. the gametophytic 
phase or the haploid phase and the sparophytic phase or the diploid phase. In lower 
organisms like algae, fungi and bryophytes, the gametophytic phase is usually prevalent 
and it is called haplobiontic life cycle, in ferns the sporophyte and gametophyte are 
equally preyalent and it is called haplo-diplobiontic, while in gymnosperms and 
angiosperms, the diploid phase is prevalent and is called diplobiontic. This alternation 
between the haploid and diploid phase in the life cycle of an organism is known as 


alternation of generation. 
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1.9.1. TYPES OF LIFE CYCLE f 


As already stated that life cycles in plants can be of 3 major 

[1] Haplobiontic Cycle : N be 
reproduces asexually or vegetatively to produce the ‘haploid plant body again, Towards 
the end of the life cycle, they produce the gametes, Which fuse with each other to 


Fig. 1.31 : Haplobiontic life cycle of an unicellular algae Chlamydomonas. 
produce the diploid zygote, that undergoes reduction division quickly and gives rise to 
the haploid plant body again e.g. Life cycle of Chlamydomonas or the fungi Mucor. 

[2] Haplo-diplobiontic Cycle : The organism shows both the haploid and diploid 
phases as quite predominant phases. ttt mab enka 


Fig. 1,32 : Haplo-diplobiontic life cycle of Dryopteris. 
the ability to prepare their own food, so both can survive independently, They are 
Observed in ferns and they exhibit distinct alternation of generation e.g. Dryopteris. 
[3] Diplobiontic Cycle: The higher plants exhibit diplobiontic life cycle because 
the predominant plant body is the sporophyte, which produces the gametophytes, that 
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are short lived and always borne within the sporophyte. It is found in gymnosperms 
and angiosperms, = 
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Fig. 1.33; Diplobiontic life cycle of Pinus (a gymnosperm), 
1.9.2. LIFE CYCLE PATTERN IN YEAST 
Yeast is a group of unicellular fungus that exhibit all 3 types of life cycle, viz., 


] 
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diploid a> 


Fig. 1.34 : Haplobiontic life cycle of Schizosaccharomyces octosporus, (A-3) (After Guillermond). 
2253—3 
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Fig. 1.35 : Diplobiontic Life cycle in Saccharomycodes ludwigii. 
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(a) Haplobiontic Life 
Cycle in Yeast : 

In Schizosaccharomyces 
octosporus, the life cycle is 
haplobiontic, that is the life 
cycle is dominated by the 
haploid ascospores, which 
reproduce by budding. The 
haploid ascospores undergo 
fusion to produce the diploid 
zygote and immediately 
undergoes reduction division 
to produce the haploid cells 
again. 

(b) Diplobiontie Life 
Cycle in Yeast : 
In Saccharomycodes 


ludwigii, the life cycle is 
diplobiontic in nature, where 
the diploid phase is 
predominant. The ascospores. 
produced within a cell, fuse with 
each other to produce 2n cells, 
that germinate to produce a 
sprout mycelium and produce 
the diploid cells. 

(c) Haplo-diplobiontic 
Life Cycle pattern in Yeast + 

In Saccharomyces 
cerevisiae, the life cycle is 
haplo-diplobiontic (as denoted 
by Guillermond 1940). The 
cells remain in both haploid and 
diploid phases, Which 
perpetuate by budding. The 
haploid cells undergo fusion to 
form the diploid zygote, which 
reproduces by budding, 
producing a number of diploid 
cells. Each diploid cell is 
converted to ascus and by 
meiosis, they produce 4:8 
haploid ascospores. These 
ascospores after being liberated, 


ascus mother 
cell (2n) 


diptoid cells j 


gametangia 


undergo budding to produce a 
large number of haploid cells. 


Fig. 1.36 : Haplo-diplobiontic life 8 in 
Saccharomyces cerevisiae. 


TAXONOMY 35 


Lindegrens 1943, denoted the sexual mating strains of S.cerevisiae, where he showed 
that an ascus derived from & zygote produces 4 ascospores, 2 belonging to A. strain 
and 2 to ‘a’ strain. 


1.9.3. ALTERNATION OF GENERATIONS 


The term “alternation of generation” was introduced by Pichi Sermoli (1958) by 
studying the life cycle pattern of fern, where the diploid sporophyte and the haploid 
gametophyte are equally predominant and independent of each other. It can be classified 
in the following ways : 

(a) Isomorphic alternation of generation : This process is so called because the 
sporophyte and gametophyte are morphologically similar and it is found in the life 
cycle of the brown algae Ectocarpous siliculosus. 

(b) Heteromorphic alternation of generation : This is most common, form of 
alternation of generation found in majority of lower and higher plants. In this case. the 
sporophyte and gametophyte are distinctly different from each other. e.g., 3 
filix-mas. 1 

(e) Triphasic alternation of generation: It is a special type of . 
alternation of generation, where the sporophyte and gametophyte are different from 
each other, moreover the sporophyte shows more than onë morphological forms. It is 
observed in the red algae Polysiphonia platycarpa. In this case, in addition to the 
gametophyte, the sporophyte are of two different types, which are the tetrasporophyte 
liberating the tetraspores and the carposporophyte liberating the carpospores. 


1.10. Comparative Discussions 


(i) Fungi and Bacteria : 

[a] Similarities : 

[1] The cell wall in both cases is devoid of cellulose and may contain muramic 
acid. 

[2] They both may be parasitic or saprophytic in nature. 

[3] They may reproduce vegetatively by binary fission, 

[4] The asexual reproduction may be by the formation of endospore, 

[5] The sexual reproduction may take place by conjugation. 

[6] They have the ability to produce organic acid by fermentation. 


[b] Dissimilarities : 


Bacteria 


Points of Differences 


Saprophytic, parasitic, symbio- 
tic and autotrophic in nature. 


Saprophytic, parasitic or 


1. Nutrition 
; symbiotic in nature. 


Vegetative body 
2. Number of cell 


They are always unicellular cells 
may remain in aggregated, 
condition. 


They may be uni or 
multicellular. 


3. Size They are both microscopic They are always microscopic in 
and macroscopic in nature. nature. 
4. Nature They are always eukaryotic in They may be prokaryotic in 


nature. nature. 
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5. Cell wall 


6. Nucleus 


7. Extra nuclear 
DNA 

8. Cell division / 
Reproduction 

9. Sexual organs 


10. Gametes 


II. Sexual 
reproduction 


Points of Differences 
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Cell wall contains muramic 
acid, mannan, glucan and 
chitin. 


True eukaryotic nucleus 
present containing 
chromosomes. 


Usually absent. 


Amitosis, mitosis and meiosis. 


Male and female sex organs 
may be well developed. 
Gametes are formed during 
sexual reproduction. 

By gametangial copulation, 
gametangial contact or by 
syngamy. 


(ii) Algae and Fungi : 

[a] Similarities : 

[1] Both have thalloid plant body and hence belong to the group thallophyta. 

[2] The sex organs are unicellular in nature. 

[3] The end product of sexual reproduction is the diploid zygote or zygospore, 
which undergoes reduction division to produce the haploid plant body. 

[4] The embryo is not formed. 

[5] The asexual reproduction occurs by the formation of zoospores. 

[6] The vegetative reproduction may occur in both the cases by the processes of 
fission and fragmentation. 

[7] They both may participate in a symbiotic association. 


[b] Dissimilarities : 


I. Habit and Habitat 


2. Nutrition 


Vegetative structure 
3. Cell wall 


4. Pigments 


5. Stored food 


Points of Differences 


Autophytic or symbiotic, may be 
terrestrial or aquatic. 


parasitic. 


It is composed of cellulose, 
hemicellulose. 
Photosynthetic green pigment 
chlorophyll, carotenoids and 
phycobilins present. 

Mainly starch. 


Bacteria 


The cell wall contains peptidog- 
lycan components like n-acetyl 
muramic acid and n-acetyl 
glucosamine. 

The nucleus is represented by 
the nucleoid without nuclear 
membrane and containing single 
circular DNA, 

Present in the form of plasmids 
and episomes. 

By amitosis only. 


Sex organs are not produced. 
True gametes are not formed. 


By conjugation, transformation, 
transduction and lysogeny. 


Saprophytic, parasitic or symbio- 
tic in nature, may be both terr- 
estrial or aquatic. 


They are always autotrophic, rarely] They are always heterotrophic in 


nature, 


Itis composed of glucan, mannan 
chitin etc. 

Chlorophyll is absent, rarely con- 
tain pigments like neo-ercosporin. 


Mainly glycogen. 
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Points of Differences 


6. Tissue Tissue development takes place. | Tissues are not formed. 

7. Phases Haploid and diploid phases, no Haploid. diploid and dikaryotic 
dikaryotic phase. phases present. 

8. Nature Usually eukaryotic, blue-green Always eukaryotic in nature. 


algae is prokaryotic in nature. 

9. Vegetative By fission, fragmentation. 
reproduction 

10. Asexual 


reproduction 


By fission, fragmentation and 
budding. 

It is by chlamydospores, conidia, 
oidia, sporangiospores and other 
types. 

Complex to siinple, from lower to 
higher groups. 

Oogonium and ascogonium. 

By plasmogamy by dikaryon 
formation and diploidization. 
Important for producing drugs, 
vitamins, protein and also causing 
diseases. 


It is by zoospores, aplanospores, 
hyponospores. 


11. Sex organ 
development 
12. Female sex organ 
13. Sexual 
reproduction 
14. Importance 


Simple to complex, from lower to 
higher groups. 

Oogonium. 

By plasmogamy, and diploidiza- 
tion, 

Important as a producer, food and 
production of drugs. 


[iii] Dissimilarities between Algae, Fungi and Bacteria : 


Points of Fungi 


Differences 


Unicellular microscopic 
(yeast), mycelial in 
Mucor and very large 
fructification in Gano- 
derma. 

Always heterotrophic 
in nature, may be sap- 
rophytic, parasitic or 
symbiotic in nature. 


Both microscopic and ma- 
croscopic, unicellular (Ch- 
lamydomonous), . 
filamentous, Spirogyra to 
very large tree-like (kelps). 
Always autotrophic in na- 
ture, sometimes symbiotic 
with fungi, rarely parasitic. 


Microscopic and uni- 
cellular. 


2. Nutrition 


Autotrophic (with ch- 
lorophyll), and hetero- 
trophic (both 
saprophytic and para- 
sitie in nature). 

No tissues are formed. 


Parenchymatous tissue in 
multicellular forms. 


Pseudoparenchyma, 
prosenchyma in multi- 
cellular forms. 


3.. Tissue 


Points of 
Differences 


Cell wall consists of 
glucan, mannan and 
chitin. 


Cell wall consists of 
cellulose. 


4, Cell wall It is formed of peptido- 
glycan, consisting of 
n-acetyl muramic acid 
and n-acetyl glucos- 
amine. 

It is prokaryotic in 
nature. 


It is prokaryotic in blue Itis eukaryotic in nature. 
green algae, eukaryotic 
in all other groups. 


Chromosome. 


5. Nucleus 


6. Genetic Chromosome. 


material 


Single circular DNA. 
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Points of Bacteria 

Differences 

7 Con Cell division by amito- | It divides by mitosis and 
division sis. meiosis. 


Sex organs are not 
formed. 


Sex organs like antheri- 
dium and oogonium are 
formed. 

Gametes are formed. 


8. Sex organs 


Gametes are not 
formed. 
It is by conjugation, 


9, Gametes 


10. Sexual Tt is by conjugation. syn- 


reproduc- | transformation and gamy, gametangial copu- 
tion transduction. lation and fertilization. 
11. Zygote True zygote is not The true (2n) zygote or 


formed, the product 
is termed as partial 


zygospore is the product 
of sexual reproduction. 


Fungi 


It divides by amitosis, 
mitosis and meiosis. 
Sex organs develop. 


Gametes are formed. 


It is by conjugation, sy- 
ngamy, gametangial 
contact and fertilization. 
The zygote or zygosp- 
ore (2n) is the product 
of sexual reproduction. 


zygote or merozygote. 


[iv] Algae and Bryophyta : 
[a] Similarities : 


[i] The plant bodies are not perfectly differentiated into root, stem and leaves in 


both the cases. À ih 
[ii] The gametophytic generation is predominant. 


[iii] The sporophytic generation is reduced and dependent on the 


[iv] The gametophyte is chlorophyllous in nature. 


gametophyte, 


[v] The sporophyte undergoes meiosis to produce the gametophytic plant body. 
[vi] The gametophyte undergoes sexual reproduction to produce the zygote (2n), 
formed by sexual reproduction, develops into the sporophyte. 


[b] Dissimilarities: 


Points of Differences 
1. Habitat 


Mostly aquatic. 


2. Plant body 2. Plant body may be unicellular, 
colonial, filamentous or some- 


times dendrobial. 


3. Rhizoids 3. Rhizoids are absent. may be re- 


placed by holdfast. 


4. Chloroplast 4. The chloroplasts are of variable 


shapes, one or two in number. 


5. Pores 5. Pores favouring exchange of 5. 
gases absent. 
6. Asexual 6. It occurs mostly by the produc- 6. 
reproduction tion of zoospores. 
7. Sexual 7. It occurs by isogamy, anisogamy, |7. 
reproduction oogamy and also by conjugation. 


Mostly terrestrial or 
amphibious. 

It is multicellular, sometimes 
thalloid or sometimes differ- 
entiated into basal rhizoidal 
and an aerial leafy portion. 
Rhizoids present, can be of 2 
types, smooth-walled and 
tuberculate. 

Chloroplasts are discrete, 
discoid structures ; many 
chloroplasts present in a cell. 
Pores at the tip of air chan- 
nels present. 

Gametophyte does not repro- 
duce asexually ; zoospores 
absent. 

The sexual reproduction 
occurs by oogamy. 
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oogonium. 
9. Embryo is not formed. 

It is mostly haploid, diploid 
phase is reduced. 


9. Embryo 
10. Life cycle 


11. Alternation of 
generation 


II. The alternation of generation 
may be isomorphic or hetero- 
morphic. 


[v] Fungi and Bryophyta : 
[a] Similarities : 


11. 
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Bryophyta 


It is many celled and called 
archegonium. 

Embryo formation takes place. 
Haploid phase predominant, 
but diploid phase is compa- 
ratively more developed. 
The alternation of genera- 
tion is always heteromorphic. 


[1] The plant body is thalloid in nature, not differentiated into root, stem and leaves. 


[2] Majority of the species are terrestrial. 


[3] The life cycle shows a predominant gametophytic generation and reduced 


sporophytic generation. 


[4]. The gametophyte reproduces sexually forming the 2n zygote, which marks the 


beginning of the sporophytic generation. 


[5]. The diploid sporophyte undergoes reduction division to produce the haploid 
spores, which mark the beginning of the gametophytic generation. 


[b] Dissimilarities: 
Points of Differences 
1. Plant body 


It is thalloid in nature and com- I. 
posed of hyphae and mycelium. 


2. Tissue The internal tissue is formed of | 2, 
prosenchyma, pseudoparenchy- 
ma or plectenchyma. 

3. Cell wall The cell wall consists of man- 3. 
nan, chitin etc. 

4, Chlorophyll Absent, 4. 


Mostly glycogen and volutin 5. 
bodies. 


5. Reserve food 


6. Nutrition Saprophytic, parasitic or sym- | 6. 
3 biotic in nature. 
7. Dikaryon Dikaryotic stage (nn) may be | 7. 
present in some species. 
8. Asexual It occurs by the production of | 8. 
reproduction different asexual spores, like k 


oidia, conidia, sporangio- 
spores, chlamydospores etc. 
Spores are borne in specialised 
structures called sporocarps. 
They are unicellular. 
The sexuality is reduced. 


9. Spore bearing 
structure 

10. Sex Organ 

11. Sexuality 


. The life cycle may be haplobion- 
tic, diplobiontic or haplo-diplo- 
biontic in nature. 


12. Life cycle 


Bryophyta 


It may be both thalloid or 
leafy in nature. 

The internal tissues are mostly 
parenchymatous and the vas- 
cular tissues are in the early 
stages of development. 

The cell wall is mainly cellu- 
losic in nature. 

Present. 

Starch is the principle reserve 
food. 

Autotrophic in nature. 


Dikaryotic phase is absent. 


Gametophyte does not 
reproduce asexually, but the 
sporophyte liberates 
asexual spores. 

Spores are borne within 

the spore sac of capsule. 


They are multicellular. 
. Elaboration of sexuality is 


observed. 


. The life cycle is haplo-diplo- 


biontic in nature with a pre- 
dominant haploid phase. 
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[vi] Bryophyta and Pteridophyta : 


[a] Similarities : 

[1] The sex organs are multicellular in both the groups. 

{2] They exhibit heteromorphic alternation of generation, 

[3] The sporophyte exhibits asexual reproduction, while the gametophyte exhibits 
sexual reproduction. 

[4] The antherozoids exhibit chemotactic movement towards the archegonial neck.. 

[5] The fertilization occurs with the help of water. 

[6] The gametophytes in both the cases originate with the formation of haploid 
spores. 

[7] The spores originate from the reduction division of the (2n) spore mother cells, 

[8] The gametophyte in both the cases are chlorophyllous in nature. 


[b] Dissimilarities: 


Points of Differences Bryophyta Pteridophyta 


1. Plant body . The plant body is a gameto- 1. The plant body is a sporo- 
phyte. phyte. 

2. Nature The sporophyte is dependent | 2. The sporophyte and game- 
on the gametophyte. tophyte are independent of 

each other. 

3. Roots . The roots and,rhizoids are 3. The sporophyte contains 
absent in the sporophyte. rhizoid like roots. 

4. Differentiation The sporophyte is differen- 4. The sporophyte is differen- 
tiated into foot, seta and cap- tiated into root, stem and 
sule. leaves. 

5. Vascular tissue . The differentiation of true 5. Vascular tissues are well 
vascular tissue is lacking. differentiated, 

6. Antherozoids „ Antherozoids are biflagellate. | 6. Antheroꝛzoids are multifla- 

gellate. 

7. Archegonium . Archegonium is longer with 7. Archegonium is shorter, 
5-7 neck canal cell and one with one bi-nucleate neck 
ventral canal cell, canal cell and one ventral 

í canal cell. 
. 8. Chemotaxism of The chemotaxism exhibited.by | 8. The chemotaxism of anthe- 
antherozoids antherozoids is induced by rozoids is induced by malic 
sucrose. acid. 


[vii] Pteridophyte and Gymnosperms : 
[a] Similarities : 


[1]: The sporophytic plant body is differentiated into root, stem and leaves, 

[2], The sporophytic phase is prevalent and independent in the life cycle. 

[3] The true vascular strands in the form of xylem and phloem present, 

[4] Xylem lacks trachea or vessels, while phloem lacks companion cells, 

[5] The leaves are dimorphic in nature ie., scaly leaves and broader leaves (in 
some members). 

[6] Presence of flask-shaped archegonia in the female gametophyte. 
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[7] The embryo develops from the diploid zygote, which ultimately develops into 
the diploid sporophyte. 
[8] Like gymnosperm. some pteridophyte members can show the development of 
strobilus or cone-like structures. 


[b] Dissimilarities: 


1. Life cycle 


2. Size 

3. Secondary 
growth 

4. Mycorrhiza 


5. Leaves 


6. Leaf anatomy 


7. Pollination 

8. Fertilization 

9. Pollen tube 

10. Nature of the 
spores 

11. Protonema 


12. Seed formation 


Points of Differences 


9. Pollen tubes are not formed, 


Pteridophyte 


. The life cycle shows indepen- 
dent existence of gametophy- 
tic and sporophytic generation. 


2. The sporophyte is small. 


3. The cambium is absent, so 


there is no secondary growth. 


4. The root is devoid of mycorrhi- 


zal association, 

5.. Megaphyllous leaves, usually 
compound in nature. 

6. The mesophyll is not well dif- 
ferentiated into palisade and 
spongy parenchyma. 

7. The process of pollination is 
not required. 

8. Fertilization occurs in presence 
of water. 


antherozoids directly enter the 
archegonia. 

10, They may be homosporous or 
heterosporous in nature. 

11. Protonema is formed before 
gametophyte formation. 

12. It is lacking. 


[viii] Gymnosperm and Angiosperm : 


[a] Similarities : 


The _ pollination 


It always takes place. 


Gymnosperms 


Ihe gametophyte remains 


within the sporophyte and 
is dependent on it for nouri- 
shment. 


ne sporophyte is large and 


massive. 


. Cambium present, so massive 


secondary growth is observed, 


. There may be mycorrhizal as- 


sociation present in the roots, 


. Megaphyllous leaves, may 


not always be compound, 


The mesophyll is well differ- 


entiated into palisade and 
spongy parenchyma, 

process 
occurs with the help of wind. 
Fertilization occurs in absence 
of water, 

Formation of pollen tube is 
observed. 


. They are always heteros- 


porous, 


. Protonema is not formed. 


[1] The sporophytic plant body is predominant, independent and differentiated into 
true root, stem and leaves. 
[2] The gametophytic plants are reduced and is dependent on the sporophyte. 

[3] The megaspore is retained within the ovule, even after fertilization. 

[4] The male and the female gametes are distinctly different. 

[5] The pollen grain shows prothalial cell, tube cell and generative cell. 

[6]. The pollen tube is well developed, that carries the non-flagellated male gametes, 
[7] Matured stem contains secondary xylem and phloem. 


[8] Stele consist of multiple leaf traces and leaf gaps. 
[9] Zygote develops into the embryo within the seed. 
[10] The embryo remains dormant for a specific time-period within the seed. 
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[11] The developing embryo derives its nourishment from the nutritive endosperm 
tissue. 

[12] The seed coat is differentiated into 2 layers, viz., testa and tegmen. 

[13] Seed germinates to produce radicle and plumule. 


[b] Dissimilarities: 


Points of Differences Angiosperms 
1. Fruit formation he fruits are not formed, the | 1- Fruits enclose the seeds, so 
seeds remain exposed (naked they are closed seeded. 
seeded): 
2. Reproductive he cones are formed, which | 2. Cones are not formed, flowers 
structures are unisexual, i.e., male and may be unisexual or bisexual. 
female cones are different. 
3. Perianth They are not present. 3. They are present. which cover 
the essential whorls. 
4. Male sex organ lt is represented by microspo- | 4. It is represented by androeo- 
rangia and microspores. ium and stamens. 
5. Female sex lt is represented by megas- 5. The gynoecium is present, but 
organ pore with archegonia. archegonia is absent. 
6. Ovary . The ovule is present. but ovary] 6. The ovary, withestyle and 
is not formed. stigma present. 
7. Endosperm The endosperm is haploidin 7. The endosperm is triploid 
1 nature and formed before (3n) in nature and itis ſormed 
fertilization. after fertilization. 
8. Fertilization Double fertilization is abseni, | 8: Double fertilization is present. 
9. Polyembryony . Presence of cleavage or ad- 9. Polyembryony is absent. 
ventitive polyembryony. : i 
10. Development . Zygote develops by free-nucl- 10. Free-nuclear division is 
of zygote ear division. absent. 
11. Seed dispersal There is no method of seed 11. Method of seed dispersal 
dispersal present, observed. 
12. Cotyledons Number of cotyledons may be | 12. Cotyledon may be either one 
more than two. or two. 


1.11. Matters to recollect 


Taxonomy is a science describing the principles of classification. 

Taxonomy comprises of identification, nomenclature and classification. 
Classification follows taxonomic hierarchy. 

Identification is carried out with the help of specially designed literatures or sey, 
Keys can be indented or bracketed in nature. 

Nomenclature involves scientific naming of plants. 

Binomial nomenclature includes the generic and specific epithet. 

Binomial nomenclature was proposed for the first time in 1753 in Systema Naturie 
(10th Edition). 

The species are the lowest major unit of classification. 


Sub-species are sometimes added to scientific name, giving rise to trinomial 
nomenclature. 
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Taxon is a general name denoting unit of classification. 

ICBN denotes the International Code of Botanical Nomenclature. 

It is formulated for the first ſime in Paris in 1867. 

ICBN proposed the use of Latin for naming of plants and animals. 

The introduction of typification, Latin diagnosis. author citation, priority are some 
of the major aspects of ICBN. 

Classification means sequencial arrangement of plants and animals. 
Classification can be artificial, natural and phylogenetic in nature. 

Linnaeus proposed artificial classification, which was based on superficial 
characteristics. 

Bentham and Hooker proposed the natural system of classification in which the 
morphological characters were considered in details. 

Engler and Prantl, Hutchinson proposed the phylogenetic system of classification 
which gave more stress on evolutionary tendancy or cladistics of an organism. 

In the recent years there have been a gradual shift from classical or alpha taxonomy 
to experimental or omega taxonomy. 

Viruses are intermediate between living and,non-living, in recent years they have 
been considered as, acellular prokaryots. 

Viruses can be classified on the basis of their shape and the type of nucleic acid. 
Bacteria are prokaryots, classified on the basis of their shape, cell wall and nutrition. 
Rickettsia, Actinomycetes; Chlamydia and Mycoplasma are organisms very close 
to bacteria, placed along with bacteria under prokaryots. 

Algae can be classified mainly on the basis of the pigment present in them, like 
blue green, green, yellow green, brown, red etc. 

Fungi can be classified into four major types like phycomycetes, ascomycetes, 
basidiomycetes and deuteromycetes. 

Bryophytes can be divided into 3 major groups called Hepaticae, Anthocerotae 
and Musci. 

Pteridophytes are classified as Psilotopsida, Lycopsida, Sphenopsida and Pteropsida. 
Gymnosperms can be classified as Cycadopsida, Coniferopsida, Ginkgopsida, 
Gnetopsida. 

Angiosperms are broadly classified into monocots and dicots. 

Viruses Contain only DNA or RNA and only replicate within specific host. 
Bacteria has nucleoid, 70S ribosomes, extranuclear DNA, simple flagella. 

Algae have a cellulosic cell wall, different types of chloroplast and chlorophyll 
pigments, contains storage starch. 

Fungi are non chlorophyllous organisms with chitin in their cell wall, survives as 
saprophyte.or parasite. 

Bryophytes are amphibious plant, with predominant gametophyte, thalloid or leafy 
in nature. 

Pteridophytes are the true vascular plants with independent sporophyte and 
gametophyte showing distinct heteromorphie alternation of generation. 
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Gymnosperms are naked seeded plant with massive secondary wood and 
reproductive structures borne in cones. 


Angiosperms or flowering plants produce the seeds within the fruits, representing 
the highest evolved plants, 


Spirulina is a blue green algae rich in proteins, vitamins and antioxidants. 
Mushrooms are group of higher fungi, mostly edible in nature with high percentage 
of protein. 

Sphagnum or bog moss is a natural bandaging material, has the ability to change 
an ecosystem. 

Marsilea is an edible aquatic pteridophyte. 

Pinus produces timber, turpentine and also used as a decorative plant. 

Bamboo is a monocot plant with woody stem used mostly as.a construction material 
and preventing soil erosion. 

Jute is a dicot plant producing the jute fibres of commercial importance. 

Lemon is also a dicot plant useful for the commercial production of citric acid. 
The life cycle of a plant can be haplobiontic (in thallophytes), haplo-diplobiontic 
(in pteridophytes) and diplobiontie (in spermatophytes). 1 
Yeast is a group of unicellular fungi with the capability of exhibiting all the 3 types 
of life cycles. 

Every organism shows an alternation of generation between the haploid or 
gametophytic phase and diploid or sporophytic phase. 

r Ihe alternation of generation is usually heteromorphic in nature, sometimes it may 
be isomorphic or triphasic in nature. 
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1.12. Summary 


Taxonomy deals with the principles of classification, it includes 3 major 
components, viz., identification, nomenclature and classification. Classification 
follows the taxonomic hierarchy. Identification is done with the help of specially 
designed literatures called keys, which can be indented or bracketed in nature. The 
nomenclature is based on the book Systema Naturie (10th Ed.) written by Linnaeus 
in 1753 and Species Plantarum in 1758. It is binomial in nature, having the generic 
and specific epithet, though later names of sub-species or tribes were also included. 
But each of them is considered as a taxon or unit of taxonomy. The International 
Code of Botanical Nomenclature deals with the principles of taxonomy. The first 
code was at Paris in 1867 and the last one was at Geneva in 2005. Some of the 
major aspects of taxonomic codes are typification, Latin diagnosis, author citation, 
law of priority erc. Classification is sequential arrangement of plants & animals. 
‘There are three types of classification systems viz. Artificial system, Natural system 
and Phylogenetic system. Artificial system was too superficial proposed by Linnaeus. 
Natural system was based on in-depth morphological considerations, proposed by 
Bentham and Hooker and practised in different botanic gardens. Phylogenetic system 
is a comparatively recent development by Hutchinson, Englar and Prantl and it 
considered the phylogenetic or cladistic relationships between different organisms. 
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Vertical classification includes relationship between living organisms and their 
ancestors. Horizontal classification includes comparison between two living 
organisms. Present day taxonomy has the incorporation of data from cytology, 
palynology and the classical taxonomy has been largely replaced by experimental 
taxonomy. 

Viruses are intermediate between living and non-living, they are classified on 
the basis of nucleic acid and shape, Bacteria are prokaryotic organisms classified 
on the basis of shape, cell wall and nutrition. Algae are classified on the basis of 
pigment present. Fungi are divided into four major groups on the basis of mycelia 
and spore forms. Bryophytes are classified on the basis of thallus structure into 
Hepaticae, Anthocerotae and Musci. Pteridophytes are classified as Psilotopsida, 
Lycopsida, Sphenopsida and Pteropsida. Gymnosperms are classified as 
Cycadopsida, Coniferopsida, Ginkopsida and Gnetopsida. Angiosperms or flowering 
plants are classified into monocotyledonous and dicotyledonous plants. 

Viruses consist of nucleic acid and protein, replicating only within specific host, 
but outside the hosts body, they behave as inanimate particles. Bacteria have a cell 
wall formed of peptidoglycan, they are devoid of membrane bound organelle, 
contains simple flagella, 70S ribosome and a primitive nucleus called nucleoid. 
Algae is a photosynthetie organism having cellulosic wall, different types of pigment 
and stored food as storage starch. Fungi are non- chlorophyllous organism having 
chitin in the cell wall, survive as sporophyte and reproduce by asexual spore forms. 
Bryophytes are amphibious plants, which may be thalloid or leafy in nature having 
predominant gametophyte and dependent sporophyte. Pteridophytes are land vascular 
plants with proper stele having independent sporophyte and gametophyte, showing 
distinct alternation of generation. Gymnosperms include big trees with naked seeds 
usually borne in cones. Angiosperms are flowering plants with seeds borne within 
fruits, exhibit double fertilization and are considered to be the highest evolyed plants. 

Spirulina are filamentous blue green algae with high amount of protein, vitamin, 
minerals and antioxidants. Mushrooms are protein enriched higher fungi which 
may be edible in nature and serve as a potent source of vegetable protein. Sphagnum 
or bog moss is important as a packaging or bandage material important as pit fuel. 
Marsilea are edible aquatic fern, bearing the spores within specialized structures 
called sporocarps. The Pinus are important for producing umber, terpentine and 
also used as a decorative plant. Bamboo are monocot plants where the stem is used 
mainly for constructional purpose and prevents soil erosion. Jute is a dicot plant 
which may be edible and produces economically important secondary phloem fibres. 
Lemon plant produces juicy fruits, which produces citric acid of commercial 
importance. 

The life cycle includes the various events occurring in a particular organism. In 
lower organism, like thallophytes, the life cycle is haplobiontic, it is haplo- 
diplobiontic in bryophytes and pteridophytes and is diplobiontic in spermatophytes 
like gymnosperms and angiosperms, Yeast is a group of unicellular fungi exhibiting 
all the three types of life cycle. When the sporophyte and gametophyte are identical 
to each other, the alternation is isomorphic in nature, which is observed in a brown 
algae Ectocarpus, in majority of the cases, it is heteromorphic in nature and in 
some cases like in the red algae Polysiphonia, it is triphasic in nature. 
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1.13. Naming/Discovery/Discoverer 


{1} 


121 


Aristotle (384-322 B. C.) divided animals into Anaima (without blood) and 
Enaima (with blood). 

Theophrastus (371-287 B.C.) divided plants into herbs, undershrubs, shrubs 
and trees. 

Caspar Bauhin (1596) first proposed the naming of plants by two names. 
John Ray (1627-1705) divided plants into Herbae and Arborea. 

Carrolus Linnaeus (1707-1778) gave the first classification of plants i in 1758 
and animals in 1753 and known as father of taxonomy. 

Lamarck (1774-1829) gave the animal classification. 

De Candolle (1813) proposed the term taxonomy. 

G. Bentham and J. D. Hooker (1862-1883) gave the natural system of 
classification of plants in 3 volumes of Genera Plantarum, 

Adolf Engler and Karl Prantl (1886-1892) gave the first model of 
phylogenetic system of plant classification in 20 volumes of “Die Natiirlichen 
Pflanzen Familien”. 

John Hutchinson (1926) gave the modern form of phylogenetic classification 
and revised it in 1950 in 3 volumes of “The families of flowering plants“. 
Gwnne Vaughan and Barnes (1937) gave a well documented classification 
of fungi. 

Fritsch (1945) gave the most comprehensive classification of algae. 

Smith (1955) forwarded the classification of pteridophytes. 

Pichi-Sermolli (1958) denoted the phenomenon of alternation of generation 
in ferns. 

Parihar (1960) proposed the well accepted classification of bryophytes. 
Henning (1966) proposed the modern concept of biosystematics. 

Mentzer (1966) introduced the branch of chemotaxonomy and is known as 
the father of chemotaxonomy. 

A. Lwoff (1966) classified viruses on the basis of their nucleic acid content. 
Takhtajan (1967) proposed the modern phylogenetic classification based on 
genetics, embryology and biochemistry. 

Sneath and Sokal (1923) proposed the modern form of numerical taxonomy. 
Stabbins (1974) denoted the importance of cytology and genetics in taxonomy. 
Webster (1980) gave the modern classification of fungi. 

Williams and Shaw (1989) proposed the modern comprehensive classification 
of bacteria. 


1.14. Answers to Special Questions 


11 
121 


[3] 


What is systematits ? 

Ans. Study of diversity of living organisms and their inter-relationship. 
What is classification ? 

Ans. The process of arranging the organisms depending upon their similarities. 
What is taxonomy ? 

Ans. Taxonomy includes the principles, procedures and rules of classification. 
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What are keys ? 

Ans. They are systematic framework representing the diagonostic features of 
an organism helping in its identification. 

Why is Latin used in scientific names ? 

Ans. It is not the official language of any country. 

What is trinomial nomenclature ? 

Ans. When the name of the sub-species is also included along with the genus 
and species e.g. Homo sapiens. 

What is sibling species ? 

Ans. When two morphologically similar species differ physiologically e.g. 
Some female Anopheles mosquitoes carry malarial parasites. 

What are sympatric species ? 

Ans. When two dissimilar species occupy the same habitat. e.g. Ascaris and 
Amoeba remain in human intestine, 

What are allopatric species ? 

Ans. When two similar species occupy different geographical area. ¢.g. African 
and Indian Lion 

What are taxon ? 

Ans. It is a taxonomic unit, used in hierarchic classification, 

Which virus as binal structure? 

Ans. Bacteriophage shows binal structure with a geometrical head and helical 
tail. 

Name a prokaryot smaller than bacteria, 

Ans. Mycoplasma, 

Which group of bacteria are mostly responsible for antibiotic production ? 
Ans. Soil borne bacteria or actinomycetes. 

What are the common name bacillariophyceae and xanthophyceae ? 
Ans. Diatoms and yellow green algae. 

Which group of algae has unicellular diploid cells ? 

Ans. Bacillariophyceae. 

Which spores haye larger size than the vegetative cells ? 

Ans. Auxospores. 

Which group of fungi not exhibit perfect stage ? 

Ans. Fungi Imperfecti or Deuteromycotina. 

What are holocarpic and eucarpic fungi ? 

Ans. The fungus where the entire vegetative cell forms the reproductive cell 
is holocarpic fungi e.g. yeast. But the fungus where a part of the mycelia forms 
the reproductive structure is called eucarpic fungi e.g. Penicillium. 

What is chitin? _ 

Ans. It is a nitrogenous polysaccharide present in the cell wall of fungi and 
also in the body of insects. 

Why fungi require magnesium though it is devoid of chlorophyll ? 

Ans. Magnesium acts as a cofactor for various enzymes and also helps in the 
binding of the ribosomal subunits. 

What is a dikaryon ? 

Ans. The cells of a filamentous basidiomycetous fungi contain a pair of nucleii 
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called dikaryon which represents the intermediate stage between the haploid 
and diploid stages. 

What are sparocarps ? 

Ans. The spore bearing structures, of higher fungi belonging to class 
ascomycetes and basidiomycetes are called sporocarp, which are her two types, 
viz., ascocarp and basidiocarp. 

Which group of bryophytes are in between the thalloid and leafy 
bryophytes ? 

Ans. Anthocerotae—e.g. Anthoceros. 

What are nurse cells ? 

Ans. They are sterile spore mother cells, which provide nourishment to the 
spores within the capsule of Riccia thallus. £ | 
What are columella ? | 
Ans. The central sterile strand within the capsule of moss, which helps in 
spore dispersal is known as columella. 

What is the other name for vascular cryptogams ? 

Ans. Pteridophytes. 

Name a plant where incipient heterospory is found. 

Ans. Equisetum arwense. 

Name the spore bearing structures of pteridophytes. 

Ans. The sporangia is the spore bearing structure borne within sorus or within 
the strobilus. 

Name the gymnosperms where cones are absent. 

Ans. The Cycas and Ginkgo do not have female cone but in case of Gnetum, 
both male and female cones are absent. 

What are the angiospermic features of Gnetum ? 

Ans. (i) Presence of xylem vessels. 

(ii) Presence of companion cells in phloem. 

(iii) Presence of perianth within the cupule. 

(iv) Presence of broad lamina. 

What are the two major nutrients present in Spirulina ? 

Ans. It consists of mineral nutrients, vitamins and act as an antioxidant. 
Name two edible mushrooms grown in tropical country. 

Ans. Volvariella volvacea ; Pleurotus sajor-caju. 

Name two edible mushrooms grown in temperate climate. 

Ans. Agaricus bisporus ; A. campestris. 

Name a species of button mushroom developed in India. 

Ans. Agaricus bitorquis. 

What is the scientific name of milk white mushroom ? 

Ans. Calocybe indica. 

How is Sphagnum useful as a fuel ? 

Ans. Dried Sphagnum plant body produces peat, which is useful as a fuel. 
How is Pinus useful for paint industry ? 

Ans. Pinus stem contains oleo-resin, which is also called terpentine and is 
useful as an organic solvent. 
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How is bamboo useful as a food ? 

Ans. The young bamboo shoot is considered as a delicacy in China and other 
countries. 

How is citric acid obtained commercially ? 

Ans. Citric acid is obtained from the fruit of lemon. 

What is isomorphic alternation of generation ? 

Ans. The alternation of generation where the sporophyte and gametophyte 
look like each other is called isomorphic alternation of generation, e.g. Brown 
algae Ectocarpus. 

Name the 3 phases in the life cycle of the red algae Polysiphonia. 

Ans. Carposporophyte, tetrasporophyte and gametophyte. 


LLL 
@ A. Essay type or Long answer type: 


m 


12) 
131 
141 


151 
(6) 


171 
181 


191 
110 
m] 
112 
113 
114 
us] 
(16] 
(17) 
[18] 
(19) 
[20] 
121 
122 
123 
[24] 
[25] 
[26] 


Who is the proposer of binomial nomenclature ? What do you understand by taxonomy ? Write briefly 
about the principles and basis of classification. (Ans. 1.3.1; 1.2; 1.4) 
Write briefly about the rules and codes of classification, (Ans. 1.3.3) 
Define taxonomy. Write in brief the principles and methods of classification. (Ans. 1.1.1; 1.3.3) 
What is classification ? What are its different types ? Briefly discuss the basis of classification. 
(Ans. 1.4) 

What is taxonomy ? Enumerate the international rules of nomenclature. (Ans. I. I. 1; 1.3.3) 
Whit do you mean by identification, nomenclature and classification ? What is the unit of classification 
and what is its significance ? (Ans. 1.1 ; 1.2; 14 
State the importance of taxonomy in biology and discuss the role of nomenclature, 

IJ. E. E. 1998] (Ans. 1.1.1; 1.3.1) 
What is binomial nomenclature ? Distinguish between term taxonomy, systematics, classification and 
identification. (Ans. 1.3.1 ; 1.1) 
What do you know about the Linnaean system of classification? (Ans. 1.4) 
What is taxonomic key ? How it varies from hierarchy ? Describe the different types of key.(Ans. 1.2.3) 
Give the outlines of viral classification, 
Give the classification of bacteria showing all the major groups. 
Describe the outline of natural classification. 


State the modern classification of fungi with examples. (Aus. 1.6.4) 
How are pteridophytes classified ? (Ans. 1.6.6) 
State the diagnostic features of virus and bacteria: 4 (Ans. 1,7) 
What are the diagnostic features of algae and fungi ? (Ans. 1.7) 
What are the diagnostic features of bryophytes and pteridophytes ? (Ans. 1,7) 
State the general characters and economic importance of Spirulina, (Ans, 1.8.1) 
What are mushrooms ? How they are useful to us ? (Ans. 1.8.2) 
What is bog moss ? State its uses.” (Ans. 1.8.3) 
State the general characters and economic importance of Pinus, (Ans. 1.8.5) 
State the various uses of bamboo. (Ans. 1.8.6) 
What is the floral formula of jute ? State its economic importance. (Ans. 1.8.6) 
State the systematic position of lemon. What are its economic importance ? (Ans. 1.8.6) 
What are the different phases observed in a typical life cycle of a plant ? Describe the life cycle pattern in 
yeast. (Ans. 1.9; 1.9.2) 


@ B. Short Answer type: 
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What is binomial nomenclature ? Give the scientific names of a plum and an animal. (Ans. 1.3.1 ; 1.3) 


Who first introduced binomial nomenclature ? What is its significance? (Ans. 1.3.1 ; 1.3.5) 
Who is the father of binomial nomenclature ? (Ans. 1.3.1) 
Who proposed the term taxonomy ? (Ans, 1.3.1) 
What is trinomial nomenclature ? 4) 
What is taxonomy ? What are its aims ? f (Ans. 1.1.) 
Discuss the rules of binomial nomenclature. (Ans. 1.3.3) 
What are the modern approaches to taxonomy ? (Ans, 1.5) 
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[9] What are the contribution of Linnacus ? (Ans. 1.3.1) 

[10] How is virus classified on the basis of their nucleic acid content? (Ans, 1.6.1) 

111] State the characters of Actinomycetes, Mycoplasma and Rickettsia. (Ans, 1.6.2) 

[12] State the major groups of fungi with their diagnostic feature. (Ans. 1.6.4) 

[13] How is bryophyte classified ? j I (Ans. 1.6.5) 

[14] State the outline of gymnosperm classification. (Ans. 1.6.7) 

[15] State the identifying features of algae. i (Ans. 1.7) 

[16] What are the distinctive features of pteridophytes ? (Ans. 1.7) 

117] Name the most powerful protein food source of the world, How they are identified ? (Ans. 1.8.1) 

{18] What are the different types of mushrooms 2 State their scientific names. 

[19] State the systematic position of Marsilea and its economic importance. 

[20] State the systematic position of Pinus. 

[21] How is jute useful to us? State its nature. 

[22] What is alternation of generation ? State its different types. 

C. Very Short Answer type: 

Ii Who proposed'Hierarchie classification ? ») a mi ee m Oe as ee a AS. 2.1) 
[2] How binomials are constituted ? (Ans. 1.3, 
[3] What is taxon ? (Ans, 1.2.1) 
La] What is species? (Ans. 1.4.1) 
[5] How genus is written ? (Ans. 1.4.1) 
[6] How species is written ? (Ans. 1,3.4) 
{7} Name a RNA and DNA virus. (Ans. 1.6.1) 
[8] What is Chlamydia ? (Ans. 1.6.2) 
[9] What are diatoms ? 

[10] What are phycomycetes? 
[11] What are liverworts ? 
[12] What are lycopods ? (Ans, 1.6.6) 
[13] State two features of gram positive bacteria. (Ans. 1.7) 
[14] How fungi varies from algae other than not having chlorophyll ? (Ans. 1.7) 
[15] What are vascular cryptogams ? Why they are so called ? (Ans. 1.7) 
[16] State two important features of gymnosperms. (Ans. 1.7) 
{17] Give the systematic position of Spirulina. (Ans. 1.8.1) 
(18] What is the systematic position of button mushroom? (Ans, 1.8.2) 
[19] What are the uses of bog moss ? (Ans. 1.8.3) 
{20] State two uses of lemon. (Ans. 1.8.6) 
[21] Give the scientific names of misti pat and teeta pat. (Ans. 1.8.6) 
[22] Who denoted alternation of generation ? (Ans. 1.9.7) 
[23] State an example of isomorphic alternation of generation. (Ans. 1.9.3) 
24] Name the yeast species showing haplobiontic, diplobiontic and haplo-diplobiontic alternation of generation. 
(Ans. 1.9.3) 
[25] Give binomial name of a plant. (Ans, 1.3.5) 
[26] Give a binomial name of an animal. (Ans. 1.3.5) 
127] Name the text of Bentham and Hooker. (Ans. 1.4) 
[28] Name the text of Engler and Prantl. (Ans. 1.4) 
[29] Who proposed the latest phylogenetic classification ? (Ans. 1.4) 
[30] What is basionym ? (Ans, 1.3.3) 
[S1] What is trinomial nomenclature ? (Ans. 1.3.4) 
[32] What is Paris code? (Ans. 1.3.2) 
[33] What is typification ? (Ans. 1.3.3) 
{34] What is meant by double citation? (Ans. 1.3.3) 
[35] What is meant by law of priority ? (Ans. 1.3.0) 
[36] What is Omega taxonomy ? (Ans, 1,2) 
[37] Name the predominant phase in the life cycle of thallophytes. (Ans. 1.9,1) 
{38] How a sporophyte of pteridophyte reproduces ? (Ans. 1.9.1) 
[39] How does a gametophyte of pteridophyte reproduce ? (Ans. 1.9.1) 
[40] Which group of plants show a well defined alternation of generation ? (Ans. 1.9.1) 

D. Distinguish between: 

[1] Binomial and Trinomial nomenclature, (Ans, 1.3.4) 
[2] Genus and Species. (Ans, 1.4.1) 
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Natural and Phylogenetic classification. 
Taxonomy and Systematics. 

Taxonomy and Classification. 

Alpha taxonomy and Omega taxonomy. 
Species and Sub-species. 

Allopatric and Sympatric species. 
Natural and Artificial classification. 
Vertical and Horizontal classification. 
Fungi and Bacteria. 

Algae and Fungi. 

Algae and Bryophyte. 

Fungi and Bryophyte. 

Bryophyte and Pteridophyte. 
Pteridophyte and Gymnosperms. 
Gymnosperms and Angiosperms. 


Write Short Notes on: 
Species 


Taxon A \ evil nti 


Binomial Nomenclature 

Trinomial Nomenclature 
Genus 

Sub-species 

CR. N 

Cladistics 

Spirulina 

Edible mushrooms 

Bog moss 

Pinus 

Jute fibres 

Alternation of generation 


Choose the Correct Alternative : 


The first International Botanical Congress was held at Rochester / Paris / Sydney. 
Binomial nomenclature was proposed by De Candolle / Lamarck / Linnaeus, 

The smallest taxon is tribe / species / genus. 

Cladistic classification was proposed by De Candolle / Bentham / Hooker / Hutchinson. 
Example of a binal virus is Herpes / Pox / Phage. 

The smallest prokaryot is Myxobacterium / Actinomycetes / Mycoplasma,/ Spirochaeta. 
Prokaryotic algae is Chlamydomonas / Nostoc / Volvox. 

Dikaryon is found in Ascomycetes / Basidiomycetes / Phycomycetes, 
The example of bog moss is Sphagnum / Pellia / Pogonatum. 

The pteridophyte with a sporocarp is Pteris / Marsilea / Lygodium: 
The seed of Pinus, which is edible is eduis / P.-gerardiana / both. 
Bamboo belongs to the family: Gramineae / Cyperaceae / Tiliaceae 
The jute fibres are secondary xylem fibres / phloem fibres. 

Lemon is rich is citric acid / tartaric acid / both: 

Yeast’s life cycle is haplobiontic / diplobiontic / both. 


Isomorphic alternation of generation is found is Polysiphoniad / Dryopteris / Ectocarpus. 


Heteromorphic alternation of generation is found in Dryopteris / Pogonatum / both. 
Triphasic alternation of generation is found in Polysiphonia / Dryopteris / Ectocarpus. 


Fill in the blanks : 


Scientific names are always written in 5 
first gave the classification of animals. 
Bentham and Hooker placed gymnosperms between and 
— first gave the classification of plants. 
Primitive plants have chromosomes. 
The book written by Englar and Prantl is 
The book written by Hutchinson is 
The last ICBN session was at in E 
The cancer causing virus contains as the nucleic acid. 
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(Ans. 1.4) 

(Ans. 1.1) 
(Ans. 1.4.1) 

(Ans. 1.1) 
(Ans.1.4.1) 
(Ans, 1.4.1) 

(Ans, 1.1) 
(Ans. 1.4.2) 
(Ans, 1.10.) 
(Ans. 1.10) 
(Aus. 1.10) 
(Ans. 1.10) 
(Ans. 1.10) 
(Ans. 1. 10) 
(Ans. 1. 10) 


(Ans. 1.4.1) 
(Ans. 1.2.1) 
(Ans. 1.3.4) 
(Ans. 1.3.4) 
(Ans. 1.4.1) 
(Ans. 1.4.1) 
(Ans, 1.3.3) 

(Ans. 1.4) 
(Ans, 1.8.1) 
(Ans, 1.8.2) 
(Ans. 1.8.3) 
(Ans. 1.8.5) 
(Ans, 1.8.6) 
(Ans. 1.9.3) 
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The soil borne generally liberates antibiotics. 
The are called amphbious plants. 

The are true vascular cryptogams. 
Gymnosperms are so called because they have 

The most developed gymnosperm is A 
Heterosporous condition in pteridophyte is found in 

Incipient heterosporous condition is found in 3 

The intermediate between thalloid and leafy bryophyte is 

Monocot plants usually have venation. 

The enzyme is considered as the anti-aging factor of Spirulina. 
Button mushrooms include the genus 

The name of Bog moss is 


Marsilea has leaves. 
Bamboo has internodes, 
Lemon is righ in acid. 


Ectocarpus shows alternation of generation. 
alternation of generation is found in Polysiphonia. 


but / Marks on Yes / No.: 


Takhtajan gave the natural system of classification. Ves / No. 

Super class is a bigger division than sub-class. ves / No. 

Hutchinson divided Dicotyledons into Lignosae and Herbaceae. es / No. 
‘The rules of plant nomenclature is dated back to 1758. ves / No. 

The natural system of clas: ition was published in Genera Plantarum. —Yes / No. 
Bracketed key are better tools in comparison to indented key. —Yes / No. 
The uniform bio-code was started in 1994 in Tokyo. —Yes / No. 

Viruses are intermediate between plants and animals. —Yes / No. 

Clilamydia is the largest virus. ves / No. 

Algae may be both prokaryotic and eukaryotic in nature. —Yes / No. 

Fungi contain chitin in their cell wall. ves / No. 

Bryophytes are vascular cryptogams. ves / No. 

Pteridophytes have independent sparophyte and gametophyte. — Nes / No. 
Gymnosperms always have cones as their reproductive structures. Ves / No. 
Angiosperms may have one or two cotyledoned seed. —Yes / No. 

Mosses are the primitive broyphytes. Ves / No. 

Ferns are homosporous in nature. Ves / No. 

Spirulina is a blue green algae containing high percentage of protein. —Yes / No. 
Mushrooms belong to class Basidiomycetes. ves / No. 
Agaricus grow well in lower Bengal. ves / No. 

Bog moss is used as bandaging material. ves / No. 

Marsilea is a terrestrial fern, es / No. 

Pinus produces good quality timber. ves / No. 
Bamboo belongs to family Cyperaceae. es / No. 
Triphaosic alternation is found in red algae. es / No. 
Isomorphic alternation of generation is found in brown algue. ves / No. 
Yeast exhibits only the haploid status. ves / No. 
Yeast represents a group of unicellular fungi. —Yes/ No. 


Answers to Q. [F], [G] and [H] 


[1] Paris. [2] Linnaeus. [3] tribe. [4] Hutchinson. [5] Phage. [6] Mycoplasma. [7] Nostoc. 
[8] Basidiomycetes. [9] Sphagnum. [10] Marsilea. [11] both. [12] Gramineae. {13] phloem fibres. 


[14] citric acid. [15] both. [16] Ectocarpus. {17] both. [18] Polysiphonia. 


[G] [1] Latin. [2] Aristotle. [3] dicotyledons ; monocotyledons. [4] De-Candolle. [5] longer. [6] Die 
Natiirlichen Pflanzen Families. [7] Taxonomy of Flowering plants. [8] Geneva. [9] RNA. 
[10] Actinomycetes. [11] bryophytes. [12] pteridophytes. [13] naked seeds. U4) Gnetum. 
1151 Selaginella. [16] Equisetum arwense. [17] Anthoceros. 18] Parallel. [19] super oxide-dismutase. 
[20] Agaricus. [21] Sphagnum, I22] quadrifoliate. [23] hollow. [24] Citric. [25] isomorphic. 


[26] Triphasic. 


[23] Yes. [24] No. [25] Yes. [26] Yes. [27 No. [28] Yes. 


No. [7] Yes. [8] No. [9] No. [10] Yes. III] Yes. [12] No. 
[13] Yes. [14} No, [15] Yes. [16] No. [17] Yes. [18] Yes. [19] Yes. [20] No. [21] Yes. [22] No. 


Viruses 


Topics Discussed : Introduction, Brief history and discovery, Definition, Nature, Origin, Occurrence, 
Character’ (Intermediate between living and non-living), Properties, Shape, Size, Classification, 


Nomenclature. Structure g Function of Different Parts I. M. V., Influenza (Paramyxo) and Bacterioph. 
AIDS and other minor viru Replication, Life cycle, Disease transmission and control. Importance, Anti 
compounds, Importanti Differences. 


2.1. Introduction 


The term virus is actually a Latin word, which literally means poison. They are 
ultramicroscopic infectious particle, but outside the host’s body, they are simply, non- 
living entities and can be crystallized at low temperature. They can cause serious diseases 
in plant like tobacco mozaic disease. rice leat streak diseases or diseases like small- 
pox, chicken-pox, measles. AIDS in man. Viruses also have a potential role in inducting 
cancer in man, Broadly viruses are studied under microbiology, but in recent years, 
they have been placed under a separate branch of study called Virology. They are believed 
to have a definite role in proving the origin of life in the Earth. 

2.1.1. BRIEF HISTORY AND DISCOVERY 


The role of virus as an infectious agent was reported in China for the first time, way 
back in 10th century B.C. Carolus Clusius (1576) mentioned the variegation of tulip 
flower due to a viral infection. Edward Jenner (1796) considered virus as a causetive 
agent for the smallpox and prepared the first vaccine by collecting the fluid from the 
pustules of persons infected with cow-pox. Adolf Mayer (1886) showed for the first 
time, that the mosaic disease of tobacco plant is caused by the tobacco mosaic virus. 
The scientific evidence of this was given by Dimitri Iwanowski (1892), who took the 
sap from infected tobacco plants and induced the disease in healthy tobacco plants, the 
disesae still would have been caused if the fluid was passed through bacterial filter, 
hence it was caused by some organism smaller than bacteria. M. J. Beijerinck (1896) 
confirmed the findings of Iwanowski and called the fluid “Contagium virum fluidum” 
meaning infective living fluid. Takahashi and Rawlins (1933) were the first to observe 
the structure of T.M.V., but Stanley (1935) first isolated I. M. V. in crystalline form and 
proved its infective ability. Pirie and Bowden (1936) proved that virus crystals are 
composed of nucleic acid (RNA) and protein and later in the same year, Beard showed 
that bacteriophages contain DNA and protein. Delbruk (1939) proved their ability to 
show mutation. Harshey and Chase (1952) indicated the independent role of protein 
and nucleic acid during viral replication. Gierer and Schramm (1956) showed that 
even nucleic acids can induce infection. Shafferman and Moris (1963) denoted the 
Cyanophage. Sabin, Tam and Dress (1983) reported the induction of cancer in human 
by Herpes simplex virus. 

2.1.2. DEFINITION 

Viruses are ultramicroscopic infectious nucleo-protein particles that replicate 
only within the specific living host cell. 
53 
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Alternately : “A virus species is defined as a polythetic class of organisms that 
constitutes a large replicating and occiptes d particular ecological niche.” (ICTY, 
1991). 


2.2. Nature of Virus 


[1] _. Viruses are acellular, ultramicroscopic organisms, which can easily pass through 
bacterial filter. 

[2] They are obligatory parasites and cannot be grown in synthetic medium. 

[3] They do not show regular reproductive activities, but replicate by using the 
components of the host’s body. 

[4] They either exist in free state outside the cell as a non-living entity or in th 
living state within the cell. i 

[5] They are composed of nucleic acid and protein. 

[6] The DNA/RNA have the same structure like higher organisms and have the 
capability of mutation. 

[7] They have the capability of synthesizing enzymes like lysozyme and reverse 
transcriptase. 

[8] They induce diseases to plants and animals. 


2.2.1. ORIGIN OF VIRUS 


The origin of life in a big way is considered to be from virus, as because they have 
both living and non-living characters. They have no proper cellular structure on one 
hand, while on the other hand, they have DNA with the similar genetic code like higher 
organisms. There are broadly four different theories that explain origin of virus. 

[1] Pre-cellular theory : There may be a group of organisms without proper 
cellular structure, which on one hand has produced the virus with the development of 
DNA and on the other hand, they form the cellular organisms. 

[2], Genetic theory.: There may be a fragment of genome getting separated from 
the primitive prokaryotic organisms, which gradually becomes self-replicating like 
episome, develops the infectious nature. The extra-nuclear DNA of Paramoecium is 
such an example, j 

[3] Cell organelle theory: One particular organelle from the primitive prokaryots 
get separated and gradually lose the internal membranous structure, but only retains 
the DNA/RNA to form the virus at a later stage. 

[4] Retrogressive theory: This is in line with the previous theories, by which 
one primitive parasite gradually shows retrogressive evolution by reduction of the 
organelle structure and simplification of the membrane forms the virus. 

The genetic theory and the retrogressive theory definitely can throw some positive 
light on the origin of virus. 


2.2.2. OCCURRENCE OF VIRUS 


Viruses in fact are universal in occurrence, they are present in the aquatic, terrestrial 
and aerial environment. They are also present in the infected host cells of plants, animals 
and human and even in the urine, saliva and faecal matter of animals. They are also 
present in the infected soil, diseased parts of plants. 
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2.2.3. CHARACTERISTICS OF VIRUS 


Viruses have characters common to living organisms and also some characters are 
making them close to non-living entities, 


[A] Important Living Characteristics : 


[1] Viruses carry the nucleic acid (DNA or RNA). 

[2] They reproduce within the host cells. 

[3] They are obligatory parasites and induce infection in higher organisms, 
[4]. They have the capability of showing mutation. 

[5]. They produce enzymes like higher animals (e.g. lysozyme), 


[B] Important Non-living Characteristics : : 


[1] Viruses are acellular in nature, i.e., they do bot have cell organelles, cell 
membrane, cytoplasm etc. 

[2] They do not exhibit life processes like respiration, metabolism, excretion: 

[3] They form regular geometrical crystals at very low temperature, 

[4] They cannot reproduce outside the host’s body. 

[5] They possess high specific gravity like inanimate objects. 

[6] They fail to respond to external stimuli and neither do they exhibit any irritability. 

[7] Viruses cannot be grown in synthetic cultures, 

[8] Viruses have a diameter of 100A-2000A (where the minimum diameter for a 
cell is 5000). 

These points suggest that on one hand viruses behave as living organisms as within 
the hosts’ body, while on the other hand, outside the host's body, they behave as simple 
inanimate objects and so they are considered to be intermediate between living and 
non-living organisms. 


2.2.4. GENERAL CHARACTERISTICS OF VIRUS 


[1] Viruses usually have only one type of nuleic acid, which is RNA for plant 
virus, DNA for bacteriophage, and DNA or RNA for animal virus. 

[2] The protein coat may impart a regular geometrical shape. 

[3] There may be an outside lipid coat in animal virus. 

[4] All viruses do not exhibit enzymatic activity. 

[5] Animal viruses are in general specific to the host during infection. 

6 Plant viruses may not always exhibit host specific reaction. 

[7] ‘The nucleic acid in viruses are commonly used as the infection tool. 

[8] There are structrures like infection pegs for udhering to host’s body but in 
general, viruses enter the host's body through mechanical wounds created otherwise. 


Virion : The complete infectious virus particle consisting of nucleic acid and 
protein coat, usually devoid of enzymatic activity is known as virion. 

Viroid: The nucleic acid of the virus without the protein coat causing infection 
is known as viroid. e.g. Single stranded RNA of potato spindle tuber 
virus. / 

Prion : The smallest infectious particle represented by a protein granule, which 

are communicable and inheritable, causing diseases like mad-cow 

disease or BSE (Bovine Spongyform Encephalopathy) in man. 
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2.3. Size of Virus 


The virus particles are ultramicroscopic, i e., can only be seen under the electron 
microscope. Inspite of being very small, they may vary in their sizes. Their average 
diamater usually varies from 87 to 2807. The smallest virus noted among animals is 

the Rhinovirus causing the foot and mouth disease of cattles and it is 7am to 16nm in 

diameter. Among plant viruses, the smallest one is the Maize streak disease called 
Gemini virus, which is 18—30nm. Earlier it was considered that the largest animal 
virus is the parrot fever (Psittacosis) causing virus (Chlamydia psittaci) with a diameter 
of 450nm. But it is not a virus, as itis a prokaryot similar to bacteria. Hence the Vaccinia 
virus (causing smallpox in man) is the largest virus (400nm). The largest plant virus is 
the Clostero virus causing the beet yellow streak disease and it has a size of 600 — 2000 
x 10nm. 

The size of some of the major viruses are given below : 
[A] Animal Viruses : 

[1] Rabies (125nm). 

[2] Influenza (80-120nm). 

[3] Japanese encephalitis (20nm). 

[4] Poliomyelitis (28nm). 

[5] Smallpox (400 x 200nm). 

[6] Herpes (133 = 233nm). 
[B] Plant Viruses : 


[1] Tobacco mosaic virus (TMV) (300 x 18nm). 

{2] Tomato bushy virus (22nm). 

[3] Potato virus (680 — 900 x 11nm). 

[4] Barley stripe mosaic virus (150 x 20nm). 

[5] Bean mosaic virus (28 = 30nm). 

[6] Tobacco ring spot virus (Nepovirus) (28nm). 
[C] Bacterial Virus : 


[1] Bacteriophage (200 x 65nm). 
[2] Lamda phage (190 x SOnm). 


2.3.1. SHAPE OF VIRUS 


The shape of the virus depends on the shape of the capsid or the outer protein coat. 
These capsids may, be round, cubical, polyhedral with regular geometrical shapes 
represented by different. polygonal capsids. 

Some viruses may be helical forming rod like structures. There may also be some 
complex viruses like the sperm shaped bacteriophage. Thus the major groups are as 
follows : 

[1] Spherical: These viruses 
are spherical in outline and may be 
with or without an envelope, e.g. 
Polio virus (naked). 

[2]; Polygonal : These viruses 
| ii haye polyhedral symmetry and the 

capsid may be up to a 20 sided polygon or Icosahedron e.g. Herpes Virus (enveloped), 
[3] Helical: The helical virus resemble a rod like structure with a flexible cylindrical 


Fig. 2.1: Shapes of Virus. 
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capsid, The nucleic acid strand is a coiled helix, situated in the helical groove of the 
capsid. It is enveloped in Influenza and naked in TMV. 


g A ~ Hollow core Capsomere 
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Fig. 2.2: Nontenveloped and e virus: A. B. C TMV: 228 

[4] Complex : 
These are sperm shaped 
or tadpole shaped with 
an admixture of 
icosahedral and helical 


form, It is observed in P EAE EEA S 
T even phages i.e., T., Ô 

T, etc., where the head | Maize Chtorotic Dwarf Virus 0 OO 

3 80 | TYMOVIRU! 

is icosahedral and the TIMAR g COMOVIRUS 


LUTEOVIRUS NEPOVIRUS 


| 
H 
tail is helical in nature, | SOBEMOVIRUS Pea Enation Mosaic Virus 


sometimes covered | Ce DIANTHOVIRUS 
with a tail sheath. TOBRAVIRUS OO 
TOBAMOVIRUS COMOVIRUS 

2.4. Classification | ——3 . 

of Virus 8 BROMOVIRUS 
The classification 020 

of virus is largely in- | POTEXVIRUS 

explicit, because 00⁰ 

majority of them are] CARLAVIRUS 

still unexplained. Alfalfa Mosaic Virus 


Gibbs in 1967 
concluded that the 
inadequate knowledge 
about virus is the only 
reason that they cannot 
be classified in the 
Linnaean binomial 
system, Andre Lwoff 
(1966) included all the 


viruses under one 
phylum Vira and Fig. 2.3: Some major plant viruses as per the International committee 
on Taxonomy of Viruses’ (Names with smaller prints indicate no name 
has yet been designated). [ds-double stranded : ss-single stranded] 
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CLOSTEROVIRUS 
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RHABDOVIRIDAE Tomato Spotted Wilt Virus 


classified them on the 
basis of their physico- 
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chemical properties. It was divided into two sub-phyla, five classes. eight orders and 
twenty one families and several species. 
Outline of Lwoff’s Classification : 
Phylum Vira (Acellular) 


Sub-phylum : 

Deoxyvira Ribovira 

(Containing DNA) (Containing RNA) 
Deoxyhelica Deoxycubica Deoxybinala Ribohelica Ribocubica 
(Helical) (Cubical) (Bi-symmetrical) (Helical) (Cubical) 
e. g.: Poxvirus e.g. : Herpes With head and tail e.g. : Myxo virus e.g.: Arbo virus 


e. g.: Phage virus 
[1] Plant Virus : The virus always infect the plants and they mainly contain RNA 
with few exceptions. The classification is as follows : (Karger etal, 1982). 
Plant Virus 


Non-enveloped Enveloped 
ss-RNA 
e.g. : Rhabdovirus 
DNA RNA 
ss-DNA ds-DNA ds-RNA ss-RNA 
Gemini virus e. g.: Caulimo virus e.g. : Reo virus? 
(Maize streak) (Cauliflower mosaic) 


disease disease 


Polygonal Rodshaped Helical | 
e. g.: Nepo virus Hordei virus Clostero virus 


ds : double stranded, ss : single stranded. 


[2] Animal Virus: These viruses reproduce and induce infection in animal cells. 
They may contain both DNA and RNA, the outline of their classification is as 
follows : 

Animal Virus 


Non-enyeloped Enveloped 
RNA DNA ds-DNA ss-RNA 
e.g. Vaccinia e.g. Paramyxo 
(Pox virus) virus 
ss-RNA ds-RNA ss-DNA ds-DNA (Measles) 
e.g. Picorna Reo virus Parvo virus Adeno virus Orthomyxo 
virus virus 
(Polio virus) (Infuenza) 


Retro virus 
(Rous sarcoma) 
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| 
| 
| 
| 
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Fig. 2.4 : Representative types of some animal viruses: [A] Herpes virus, [B] Paramyxe virus [C] 
Calci virus, [D] Vesicular Stomatitis virus, [E] Vaccinia virus, [F] Orthomyxo virus, G] Adeno virus. 

[3] Bacterial Virus: These viruses are also called Bacteriophage, they attack and 
multiply within bacterial cells. They mostly contain DNA with some exceptions. The 
outline of this classification is as follows : 


Bacterial Virus 


Non- enyeloped Enyeloped 
SS- RNA DNA ds- DNA ds-RNA 
e.g. : Levi virus e. g.: Plasmo virus Cysto virus 
‘ss-DNA ds-DNA 
e. g.: Micro virus e.g. : Pedo virus 
(Q x174) T, phage, 
Lamda Phage. 


2.4.1. NOMENCLATURE OF VIRUS 


According to the International Committee for Nomenclature of Virus(7th report 
iy 2000), the generic name should always have a ie “virus” and the family name 
should always terminate with “idae”. 

The scientific names of some viruses are as iti 


BY 


Common 3 Scientific Name 


[1] Tobacco mosaic virus — Protovirus tabacci 

(2) T, Phage ———————- Phagovirus tsecundus. 
[3] Herpes virus T Herpesvirus hominis. 
[4] Polio virus. . Poliovirus primus. 
[5] Influenza ——————— Myyxovirus influenzae. 
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2.5. Structure of Virus 


The complete virus particle consists of a nucleic acid core, the protein coat and 
sometimes an outer lipid coat, The components of a generalised virus are as follows : 

[1] Envelope : It is not present in all virus, but only in some animal viruses like 
mumps virus. influenza virus called lipo virus. They are present outside the protein 
coat or capsid. 5 

Structure : It is a loose, flexible envelope formed of lipid, 10— IS nm thick. There 
are some projections called spikes, 10 nm long, present in this membrane. 


paway 0 


| 


DNA 1000° 


Head 


$i 
Ha B 
Phage i 0001 j 
A 6 Neck and Collar S 


— 4 
Sheath 
VE 
S End Plate 
1 y 7 AA 
Cell wall Ý Tail Fibre M Na 


“~~ Bacterial 


F 


Fig. 2.5 : Parts of Bacteriophage : [A] Entire phage Particle, [B] Head, IC] Neck and collar, [D] Tail 
Core and Sheath, [E] End Plate, {F] Tail fibre, [G] Penetration by Phage Particle. 

Functions : They protect the virus particle against host's enzyme and the spikes 
help in digestion of the host's cell wall by the production of enzymes like neuraminidase. 

[2] Capsid : The closely fitted protein shell surrounding the nucleic acid core is 
called capsid. 4 

Structure: The capsid is formed of morphologically identical protein subunits 
called capsomeres. Each capsomeres is formed of polygonal subunits called monomeres 
with central space of 40A. The monomeres are formed of one or two coiled polypeptides. 
The capsomeres are held together by bonds and represent cuboidal or helical symmetry, 
The nucleic acid and capsid together constitute a nucleocapsid. 

The single capsid is absent in Vaccinia virus, replaced by multiple protein coat. 
There may be some internal protein coats in addition to the normal protein coats. 

Chemical Composition: The composition of the capsid varies from virus to virus, 
In J. M. V. the protein coat contains carbohydrate and 2.2% of other substances including 
specific proteins. In Myxovirus, there are 10% lipids and 6% carbohydrate. Vaccinia 
virus contains 1% carbohydrate, 4% lipids, 50% protein, riboflavins, copper, biotin 
along with some enzymes and co-enzymes. 
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Function : 

[i] It protects the nucleic acid against the nuclease enzyme of the host cell. 

[ii] Helps to penetrate the body of host cell. 

[iii] It helps in the raising of antiviral antibodies. 

[3] Nucleoid : The central nucleic acid tore of a virus is called nucleoid, covered 
by capsid. 

Structure : The nucleic acid is either DNA or RNA, itis linear in most of the virus, 
cyclic in Coliphage, circular in Lamda-phage. Unlike higher organisms, the viruses do 
not contain DNA and RNA, the DNA is generally double stranded, while RNA is 
single stranded. Exceptions : Single stranded DNA in Coliphage fd and double stranded 
RNA in Reovirus. 

RNA virus : The plant viruses contain RNA excepting Cauliflower mosaic virus 
(CMV). Some animal viruses like Influenza, Polio also contain RNA. 

DNA virus: Bacterial viruses and animal viruses like Pox, Herpes contain DNA. 
Some plant viruses like CMV. Maize streak virus also contain DNA. 

DNA-RNA virus : Rous-sarcoma virus (RSV) is an animal tumour inducing virus 
having DNA in the intracellular phase and RNA in the extracellular phase. 


2.5.1. DESCRIPTION OF SOME MAJOR AND MINOR VIRUSES 


[1] Plant virus: Tobacco Mosaic virus (T. M. V.): 

[A] Discovery: W. M. Stanley (1935) isolated TMV from the sap of diseased 
tobacco plant. Pirie and Bowden (1936) demonstrated the nucleoprotein nature of 
T. M. V. 

Rosalin Franklin (1955-57) and Klug and Casper (1960) gave the ultrastructure 
of T.M.V. particularly with respect to the subunit structure of the capsid. 

[B] Disease and Symptoms : The disease caused by this virus is Tobacco Mosaic 
disease and the symptoms are as follows : y 

[i] Chlorosis appears in patches, resulting in mosaic pattern of the leaves. 

[ii] The leaves are distorted and curling of leaves takes place. 

[C] Structure : The virus is rod shaped with 300nm in length and 17nm diameter. 
The protein coat constitutes about 95% of the virus and the inner core is the nucleic 
acid, which is only the remaining 5%. 

(i) Protein coat : The tubular protein coat or the capsid is made of 2135 identical 
subunits called capsomeres arranged in a spiral or helical fashion and there are 129 
turns arround the rod. The wall of the tube has a thickness of 45A and each capsomere 
is composed of 158 amino acids of known sequence. i 

(ii) Nucleic acid : The single stranded RNA with a diameter of 80A consisting of 
6800 nucleotides. 

The single capsid is absent in Vaccinia virus, replaced by multiple protein coat. 
There may be some internal protein coats in addition to the normal protein coats. 

Chemical Composition : The composition of the capsid varies from virus to virus. 
In T.M.V. the protein coat contains carbohydrate and 2.2% other substances including 
specific proteins. In Myxovirus, there are 10% lipids and 6% carbohydrate, Vaccinia 
virus contains 1% protein, 

[2] Orthomyxovirus (Influenza virus) : These viruses are enveloped animal virus, 
80-120nm in diameter and of variable shapes. They cause influenza in man and belong 
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to strain A, B and C, of these three, A is most important, because it has antigenic 
variation. It's structure was denoted by W. G. Laver (1973). 
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Fig. 2.6: Orthomyxovirus (Diagrammatic portion). — 

[A] Structure : The structural components are as follows : 

(i) Envelope: The envelope is formed of lipid bilayer; it contains hexagonally 
spaced spikes, these spikes are formed of glycoprotein, of two types, ie, haem- 
agglutinin and neuraminidase, the removal of these spikes makes the virus non- 
infectious. 

(ii) Matrix : The layer below the envelope is a layer of! M protein or Matrix protein, 
which provides a rigid framework, 

(iii) Nucleocapsid : The capsid shows pseudo-helical morphology, though . 
to some worker, it may contain 2 helical protein strands constituting. 80% of the capsid, 
remainging 16% is lipid and 4% carbohydrate, minerals etc. It is ribonuclease sensitive. 

(iv) Nucleic acid: It is ss-RNA, 10-13 kilo bases long. It is segmented and has the 
ability to change position, bringing variation in the yiral properties. 

[B] Infectivity : These viruses are highly infective, the spikes help them to attach 
to the hosts cell membrane, they produce enzymes that destroy the cell membrane of 
the host. They can also modify their structure, as a result of which, they cannot be 
detected by antibodies. 

[3] Bacteriophage (I,): These viruses are so called because they grow and multiply 
within bacterial cells. 

[A] Discovery : F. W. Twort (1915) first reported the destruction of bacteria by 
certain agents which easily passes through bactofilter, Ed Herelle called these agents 
as bacteriophage. M. Schlesinger (1993) first isolated bacteriophage, A. Harshey 
and M. Chase (1959) denoted that two parts of bacteriophage, which are the infective 
nucleic acid (DNA) and the non-infective protein core. In the same year S. Brener et 
al denoted the ultrastructure of the bacteriophage T,. 

[B] Structure: The structure of the T even phages, invading the bacteria 
Escherichia coli of human intestine had been vividly described. It has a tadpole shaped 
structure with a polygonal head and a long tail, joined by a short neck, The length of 
these bacteriophages vary between 65-200nm and the width between 50-70nm. The 
detailed structure is as follows ; 


N 


7 
Membrane or 
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(i) Head: The head is a 20 sided unequal polygon called icosahedron appearing 
hexagonal in two dimension, The head is formed of 2000 similar units or capsomeres 
and the dimension is 95nm by 65nm. It is } 
packed inside with a double stranded DNA. 
53nm in length. The head narrows down on 
the lower side to form a short neck. 

(ii) Neck: The neck is very short on the 
lower part of the head. It is protected by a 
round disc called the collar plate and narrows 
down to a core tube protected by a sheath. — 

The neck simply connects the head with the bean 
tail. 

(iii) Tail : It is a long tube like structure 
from the collar plate up to the base plate, the 
average length is 115nm and the inner 
diameter is 17nm. It consists of an inner core 
tube, covered by a proteinaceous tail sheath 
consistng of 200 subunits, arranged in ring- | 
like configuration. There are 25 such rings | \ 
each with 7 subunits. The core tube allows a . | 
free passage for the DNA at the time of Fig. 2.7: Structure of T, /bacteriophage. 
infection, while the tail sheath contracts at 
the time of infection helping in impregnation of the core tube within the host’s body. 

(iv) Base plate: The base plate or the end plate is hexagonal in shape remaining 
at the lower terminal end of the tail. It helps in the firm attachment of the virus particle 
with the bacterial cell surface. It consists of six infection pegs at the six corners of the 
plate, that penetrate the bacterial cell wall. There are also six tail fibres arising from the 
corners of the base plate, about 150nm long, helping the virus particle to settle down 
on the bacterial cell surface. 

The different parts of bacteriophage are as follows : 
Bacteriophage 


DNA Core 
— Head j 


Protein 
Subunit 
Collar 


Tail Fiber 


Head Neck Tail Base Plate 


Capsid Nucleic Neck Collar Core Tail Base Spike Tail 
acid core tube sheath plate fibre 
(DNA) 

[4]. Cyanophage : These viruses are parasitic on blue green algae, which was first 
discovered by Safferman and Moris (1963). They are similar to bacteriophage with a 
head and a long tail covered by a tail sheath, the tail is tapering in nature. Their life 
cycle is similar to that of bacteriophage. Viruses infecting Actinomycetes are called 
Actinophage. 

[5] Mycophage : These viruses are parasitic on fungi and it was first denoted by 
Sinden in 1957. They are broadly spherical or polyhedral in nature with a diameter of 
31-40nm. They contain double stranded RNA enclosed within the capsid. 
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[6] AIDS Virus (Human Immuno Deficiency Virus) : 

[A] Discovery: The virus was discovered by Gottlieb (1981) from the blood of 
infected person. It is also present in the lymph, saliva, semen, cerebro-spinal fluid and 
it causes the disease of AIDS (Acquired Immuno Deficiency Syndrome). 


5 
GP-110 Also called GP-120.4 
glycoprotein or sugar containing, 
protein that helps the virus to 
attach and invade cells. Number 
refer to molecular weight. 


GP-41 A glycoprotein, also along 
the outer coat that plays a role in 
cell invasion. 

P-17 A protein in the inner shell 
that is suspected of producing the 
viral surface. 


P-24 A core protein. 


Reverse trusneriptase 
An enzyme the virus uses to take 
over cells containing DNA. 


Fig. 2.8: Human immuno deficiency virus. 

[B] Structure : The virus is broadly round or oval in shape, the core shell is 
polyhedral within the virus coat and viral membrane. The coat contains HLA antigen 
and knob-like glycoprotein with a stalk. The nucleic acid is RNA, which jis single 
stranded and contains RNA dependent DNA; polymerase, capable of reverse 
transcription. 

[C] Transmission : The transmission of this virus takes place by blood transfusion, 
sexual contact, babies from infected mother and intra-yenous drug needles, The 
incubation period varies between 9-300 months with initial symptoms like fever, 
diarrhoea, weight-loss and at the final stage, the patient dies of severe infection, 
pneumonia etc. Antibiotic resistant tuberculosis infection caused by Mycobacterium 
avium is also very common, 

[D] Description of the Disease : The AIDS virus destroys the Helper T- 
lymphocytes, so gradually the power of immunity disappears and the person become 
vulnarable to any opportunistic infection and the disease is fatal within a period of 2— 
10 years. Till date there is no permanent cure. 

[7] Mycoplasma virus: It was denoted by Gourlay for the first time in 1970, 
since then, about 75 different viruses have been reported. They are of three different 
types : 

Type Lis spherical, with envelope and double stranded DNA. 

Type Il is bullet-shaped, without envelope with single stranded circular DNA. 

Type III is tadpole shaped, with double stranded linear DNA. 

[8] Oncogenic virus : These viruses induce cancer, they include viruses like Simian 
Virus 40, Rous-sarcoma, which invades the cell and induces uncontrolled cell division 
of the host. The growth is either benign i e., due to cell enlargement or it may also be 
due to uncontrolled cell division seen during malignancy. 

[9] Incomplete virus: They are also called satellite virus and actually they complete 
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the infection of another major virus, e.g. : Tobacco necrosis disease caused by Tobacco 
necrosis virus (TNY) is assisted by a satellite virus (SV). 

[10] Prions : They are also called slow virus, denoted in 1972 by S. B. Prusiner. 
They cause the fatal mad-cow disease or Bovine Spongiform Encephalopathy, and the 
disease is totally fatal. They may infect higher mammals including man and they are 
both hereditary and communicable in nature. 


2.6. Replication in Virus 


The process of reproduction in virus is termed as replication, since they do not have 
any cellular structure. It only takes place within the host and normally initiated by the 
nucleic acid core, which is the infective component of the virus. The phenomenon of 
replication in virus can be studied in case of bacteriophage quite clearly, There are six 
major stages viz., [1] Invasion or Absorption [2] Penetration [3] Eclipse or Biochemical 
state [4] Maturation [5] Assembly [6] Lysis or Release : This pattern of life cycle is 
termed as Lytic phase and the stages are described below : 

[1] Invasion or Absorption: In this phase, the virus particle invades the host's 
cell, settles down on the bacterial cell wall surface with the help of tail fibre and 
penetrates the host’s cell surface with the infection peg. There is a chemical bond 
formed between the virus and bacterial cell surface receptor, this makes the virus host 
specific, In case of plant and animal virus, the medium of transport is air, water or food, 
but the absorption occurs through a mechanical wound created by insects. or other 
organisms. 


Ehia Phage DNA 
Tail Sheath 
(Contractile) 
Tail Fibre 
Bacterial Wall Central Core DNA 


Fig. 2.9: Absorption and Penetration in Bacteriophage. 

[2] Penetration: It is the second phase of viral replication, during when the 
bacterial cell wall is digested by an enzyme lysozyme produced from the tail fibre by 
hydrolysis of the peptidoglycan and a hole is created. The tail sheath contracts and the 
inner cylindrical core enters the bacterial cell cytoplasm. The DNA descends through 
this cylindrical core and enters the bacterial cell. The part of the bacteriophage remaining 
outside the bacterial cell is non-infective and is called extracellular virion, while that 
entering the bacterial cell is infective and is called intracellular virion. 

[3] Eclipse : This phase is marked with the entry of the nucleic acid core into the 
bacterial cell and is followed by the lysis of the bacterial DNA, the bacterial metabolism 
becomes totally paralysed and the viral DNA takes complete metabolic control over 
the bacterial cell. This phase is short in lytic cycle but it is prolonged in lysogenic 
cycle, where the viral DNA acts as a pro-phage, it attaches to the host DNA and divides 
along with it. 


2253—5 
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[4] Maturation : The components of the virus particle are synthesized, the bacterial 
DNA divides and transformed to form the viral DNA and the protein is transformed to 
viral capsid. Alternatively bacterial DNA is utilized to synthesize viral capsid protein. 

[5] Assembly: The components assemble with each other in a gradual stepwise 
manner, which is as follows : 


Bacterial Phage a | 
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Fig. 2.10: Replication of Bacteriophage 
I. Absorption 2. Penetration 3. Replication 4. Maturation 5. Lysis. 

[a] Condensation of viral DNA. [b] Formation head by aggregation of monomeres. 
le] Assembly of tail and its attachment to the head. [d] Formation of the tail sheath. [e] 
Attachment of the base plate. [g] Fixation of the tail fibres and the infection pegs. 

[6] Lysis or Release : This is terminal phase of viral replication, in which the 
phage particles get completely assembled and the | terial cell wall ruptures with the 
enzyme lysozyme. The average bacterial cell can produce 200-250 phage particles and 
the total time taken for this replication is 20-50 minutes. Sometimes, more than one 
phage particles may enter the bacterial cell and recombination occurs between the two 
to produce intermediate forms of bacteriophage. 


2.7. Life Cycle of Virus 


The life cyle of virus can be of two types which are : [1] Lytie cycle and {2} Lysogenic 
cycle. 
[1] Lytie cycle : This type of cycle is exhibited by the virulent virus particles, 
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Fig. 2.11 : Lytie Cycle of Bacteriophage. 
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which invade the host’s body, its nucleic acid enter’s the host cell and takes complete 
control over the metabolic activity of the host’s cell. Ultimately the virus particles are 
synthesized utilising the host’s components and the host cell undergoes lysis to release 
the viral particles. 

[2] Lysogenic cycle : This cycle is exhibited by avirulent viruses, which enters the 
host cell in the form of a temperate phage or prophage. Its DNA gets incorporated into 


Free Phage DNA 


Fig. 2.12: Lysogenic cycle of Bacteriophage. 
the host’s DNA and divides along with it and gradually spreads within the host’s body. 
Ultimately the DNA can transform itself to the lytic phase, causing lysis of the cell. 
Sometimes it can modify the host’s cell into cancerous cell and this is normally observed 
in oncogenic viruses. 


2.8. Viral Diseases : Their Transmission and Control 


The virus particles are obligatory parasites and they infect plants, animals and human 
beings. They are mostly host specific, do not invade other organisms and produce 
similar types of symptoms. As for example, in case of tobacco mosaic disease, the 
entire leaf shows curling of the leaf. In animals, the symptoms are more specific with 
swelling of glands, skin rashes, bodyache, fever etc. The influenza virus causes fever 
and bodyache, the mumps virus causes swelling of the salivary glands and also the 
testicles, the chicken-pox virus causes induction of water-filled pustules all over the 
skin etc. 

[1] Transmission : The transmission of virus takes place either by physical contact 
or may be transmitted by specific insect vectors and normally enters the host’s body via 
the mechanical wounds created by the insect. The mechanism may vary in plant viruses 
from that of animal virus : 

[A] Plant virus: 

[i] Through insect vectors : Majority of plant viruses are transmitted from the 
infected plant to the healthy plant with the help of insects and they enter the healthy 
plants via the wounds created by these insects at the time of sucking the sap. 

[ii] Through soil : The viruses like the tobacco mosaic virus, tomato leaf curl 
virus are transmitted through soil with the help of the soil borne nematodes, chytrids 
etc. 
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[iii] Through contact: The viruses like T.M.V: can also spread by the direct physical 
contact of agricultural implements touching the healthy and diseased plant. 

[iv] Through seeds : The seeds of diseased plants easily carry the disease from 
one generation to the next and the disease appears in the seedlings. e. g., Bean mosaic 
virus, Pea mosaic virus, 

[v] Through vegetatively propagating plant parts : The infected vegetatively 
propagating parts like tuber, bulb, rhizome may harbour the disease and carry it to new 
fields e.g. Potato mosaic virus. 

[B] Animal virus : (Including Human) : 

[i] Through contact : The AIDS virus H.I.V. is transmitted through sexual contact, 
the disease like smallpox, influenza also spread by close contact or via nasal discharge, 

[ii] Through air : The diseases like influenza, measles spread by the dissemination 
of the virus particle through air. 

[iii] Through food and water : The viruses for hepatitis, poliomyelitis are 
transmitted through contaminated food and water. 

[iv] Through Insect : The viruses causing yellow fever and encephalitis are 
transmitted with the help of insect vectors like Aedes and Culex mosquitoes. 

[2] Prevention and Control of Viral diseases : 

[A] Control of Plant virus : 

[i] The use of disease resistant cultivars. 

[ii] The activation of the genes responsible for Systemic Acquired Resistance 
(S.A.R). 

[iii] Application of antiviral chemical compounds. 

[iv] The isolation of the diseased plants from the healthy ones. 

[B] Control of Animal virus: 

[i] Destruction of insect vectors. 

[ii] Strict adherance to quarantine practices. 

[iii] Immunization by vaccination. 

[iv] Use of anti-viral components like Interferon, Zidovudine (Reverse transcriptase 
inhibitor), Amantidine, Nevirapine, Ritonavir (protease inhibitor) etc. 

[v] Complete isolation of the infected person, 

[vi] Prevention of indiscriminate sexual contact. 

[vii] Adoption of ELISA (Enzyme Linked Immunosorbent Assay) test for the blood 
before transfusion. 

The table below show some of the virus particles, their sites of the infection, 
symptoms and control. 


Name of the Diseases Sites of Symptoms Control/ 
Virus Infection Treatment 


[A] Plant Virus 
1. Tobacco Mosaic} Tobacco 
virus. mosaic 
disease. 
Leaf curl 
of tomato 
disease. 
Yellow mo- 
saic disease 
or wheat 


Tobacco leaves. | Mosaic pattern 


of the leaves. 


The diseased plant 
parts are isolated. 


2. Tomato bushy Tomato leaves. 


virus. 


Curling of leaf. The infected plants 


are destroyed. 


Tsolation and destruc- 
tion of infected plants. 


Yellow mosaic 
pattern of the 
leaves. 


3. Wheat yellow Wheat leaves. 


mosaic virus. 
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Name of the Diseases Sites of Symptoms Control/ 
Virus Infection Treatment 


[B] Animal Virus 
4. Foot and Mouth 
disease virus 


The diseased animals 
are separated. 


Foot and mouth | Skin rashes 
of cattle, near mouth 
and foot, 


Foot and 
Mouth dis- 
ease of 
cattle. 


[C] Human Virus 

5. AIDS virus 
(Human Immu- 
no deficiency 
virus) (HIV), 


Blood and differ. 
ent internal or- 
gans of human. 


Zidovudine, Nevirapine 
Ritonavir. 


Anaemia, skin- 

rash, fever, cold, 
infection of soft 
tissue. 


Acquired 
Immuno 
Deficiency 
Syndrome 
(AIDS). 
Polio (infan- 
tile paraly- 
sis). 
Influenza, 


Normal and Pulse-polio 
vaccination. 


The legs become 
deformed and 
paralytic. 

Upper and lower} High fever, co- 
respiratory tract. | ugh due to depo- 
sition of mucous, 
pain at the joints. 
Skin-rash, high 
temperature. 
Skin-rash in the 
form of white 
pustules. 

High fever and 
brain dysfunc- 
tion. 

Localized biting | The thirst is 
place, severe but can- 
not drink water, 
Severe rash with 
painful pustules 
spreading rapid- 
ly. 

Severe cold, 
swelling of the 
lung. 

Liver dysfunct- 
ion, increase in 
serum bilirubin. 


6. Poliomyelitis Legs. 


virus. 


Amantidine. 
(within 48 hours of 
infection). 


7. Influenza A 
virus. 


8. Variola virus. Smallpox. Skin. Vaccination. 


Chicken- Skin. Acyclovir. 


pox. 


9. Varicella 
zoster, 


10. Encephalitis Brain. Acyclovir. 


virus, 


Encephalitis. 


11. Rabies virus. Hydrophobi Vaccination. 


Skin and genital Trifluridine, Acyclovir. 


organs. 


Herpes ke- 
ratitis (skin) 
and genital 
herpes. 
Pneumonia. 


12. Herpes simplex. 


13. Respiratory Lung. Ribavirin, 


syncitial virus, 


Vaccination and 
Interferon for 
some strains. 


14. Hepatitis Hepatitis Liver, 
Ag. C, D. E,. 


F&G. 


2.9. Importance of Virus 

[1] Origin of life : Viruses are intermediate between living and non-living organisms 
and throw some definite light on the origin of life in the Earth. 

[2] Interferon development : Viruses help in the generation of interferon, that is 
an antiviral glyco-protein formed in animals, helping in the destruction of those specific 
animal viruses against which the interferon is produced. 

[3] Production of vaccine : The vaccination process is a effective means of 
producing immunity against viral disease. Viruses are cultured in their host cell, the 
Myxovirus, Vaccinia viruses are grown in the chicken embryos and the vaccine is 
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prepared by highspeed centrifugation of the amniotic fluid. The polio-vaccine is 
produced from the kidney cell culture of Rhesus monkey and purified in the same way. 

[4] Biological control : Control of some pathogenic bacteria can be done by 
bacteriophage. 

[5] Genetic Engineering : Viruses act as vectors in the transmission of genes in 
the development of genetic engineering techniques in the field of medicine and molecular 
biology. 

[6] Oncogenic virus : The viruses are responsible for induction of cancer in the 
human body was denoted by H. Temin, D. Baltimore, and R. Dulbecoo, in 1975. 
These oncogenic viruses like S.V. 40 (Semian Virus—40) incorporate its genetic material 
into the host cell and modify the host’s genome in such a way that it shows uncontrolled 
division and thus a malignant tumour is formed. 

[7] Viruses also have negative importance because they induce diseases in plants 
(TMY) and animals like Hepatitis, Influenza, Herpes, some of which are highly 
contagious and cause epidemics, some may be virulent enough to cause death. 


2.10. Antiviral Compounds 


These compounds are either prepared in the laboratory, or they are synthesized 
within specific hosts in the form of interferon. Some of them are enlisted below : 


[1] Interferon: They are specific antiviral glyco-proteins denoted by Issacs and 
Lindenmann synthesized within a specific host, binding with the viral as RNA and 
preventing viral replication, e.g. ; Intron used in Leukemia. 


[2] Zovirax : Used against Herpes. 
[3] Vidarabine : Uased against Encephalitis. 
[4] Idoxwidine : Used in eye inflammation due to viral infection. 


[5] Amantidine : Used against Type A influenza virus within 48 hours of infection 
of the virus before penetration of blood cells. 


[6] Zidovudine (Azetothymidine or AZT) : Used experimentally against AIDS. 
[7] Acyclovir : Used against Herpes Simplex virus in the treatment of genital herpes. 
[8] Lamivudine : Used in the treatment of chromic Hepatitis B. 


2.11. Major Differences 
[A] Vegetative phage and Prophage : 


Vegetative phage 


[1] Very short duration. 


Points of Differences 


[1] Intracellular latent [1] Longer duration. 
period : 

[2] Infection type : 

[3] Location in the cell : 

[4] Replication: 

[5] Life cycle : 

[6] Lysis of the cell ; 


[2] Virulent type. 
[3] Located in the entire cell. 
[4] Immediate. 
[5] Lytic cycle. 
Lysis is immediate. 


[2] Temperate phage. 
[3] Located within the DNA. 
[4] Ata later stage. 

[5] Lysogenic cycle. 

[6] Lysis is occurring at a later 
stage and there may be in- 
duction of cancer, 


1] 
[2] 


[3] 
[4] 


11 


[2] 


[3] 
[4] 
[5] 
[6] 


[7] 


[8] 


(2] 
B] 
[4] 
[5] 


[6] 


Points of Differences 


Points of Differences 


Structure : ag} 
Infection : 2 
Nature: [3] 
Reproduction : [4] 


Status : 01) 


Protective layers: 


2 


Composition: [3] 


[4] 


Chromosomes : 


Cell division : [5] 
Nature : [6] 
Nutrition : 

Cell growth : 


Shape : 111 


Symmetry: 

Nucleic acid: [3] 
Dissemination : [4] 
Absorption : 

Infection tool : [6] 
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[B] Intracellular and Extracellular virion : 


Intracellular yirion 


Consists of nucleic acid 
only. 

Induces infection only in 
specific host. 

Living in nature. 

Capable of showing repli- 
cation. 


A cellular organism with- 
out cytoplasm, nucleus 
and other cell organelles. 
The outer protein layer is 
called capsid and there is 
no cell membrane. 


There is only protein and 
nucleic acid. 


Chromosomes are absent. 
True cell division is not 
observed. 

Living properties are ob- 
served only within the 
host cell. Outside the cell, 
they behave as non-living 
entities. 

The viruses are always 
obligatory parasites. 


The organism grows only 
at the expense of the host's 
components. 


[D] T. M. V. and Bacteriophage : 


Elongated, rod shaped. 
Helical symmetry 
R. N. A. 

Spreads by contact. 


Simple 


The entire virus enters 
the host cell. 


[2] 


BI 


1410 
[5] 


[6] 


7] 


[8] 


u 
[2] 


[3] 
141 


[5] 
[6] 


71 


Extracellular virion 


Consists of nucleic acid 
and capsid. 
Cannot infect non-host. 


Behaves as non-living entity, 
Does not replicate. 


Cellular organism : 


The cell contains cytoplasm, 
nucleus and cell organelles. 


Presence of cell wall in 
plants and cell membrane 
in animals serve the purpose 
of protections 

There are protein, nucleic 
acid and other organic com- 
pounds, 

Chromosomes present. 
Cell divides by mitosis and 
meiosis. 

The living characters are 
observed at all stages. 


They may be autotropic, 
saprophytic and parasitic 
in nature. 

The organisms synthesize 
there own components be- 
fore growth, 


Bacteriophage 


Tadpole shaped with head 
and tail. 

Cuboidal head with helical 
tail. 

D. N. A. 

Infection is airborne. 
Complex and highly 
specific. 

Only the DNA enters the 
host cell. 
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Points of Differences 


Bacteriophage 


[7] The DNA is injected within 
the host cell. 

[8] The protein coat remains 
outside the host's body. 

Bacterial cell. 


[7] Mode of penetration: The virus enters by pha- 
gocytosis. 

[8] The protein coat and RNA 
are separated inside the cell. 


Tobacco plant. 


[8] Infection mode: 


[9] Host: 


Lipovirus 


Shape: Elongated, rod shaped. Capsid is regular with an 
outer lipid coat. 

[2] D. N. A. or RN. A. 

(3] Any animal cell including 
human. 

[4] By air or any other vector. 

{5] Complex and specific. 

[6] The spike penetrates the 
host's cell membrane and 
digest it. 

[7] It is highly virulent and 
normally destroys the cell, 


[2] Nucleic Acid: 
[3] Host: 


[2] RNA. 
[3] Tobacco plant. 


[4] Dissemination : 
[5] Absorption : 
[6] Entry: 


[4] By contact. 
[5] Simple. 
By phagocytosis. 


[7] Virulence: [7] May be avirulent some- 


times. 


2.12. Matters to Recollect 


The word virus literally means poison. 

Tobacco mosaic virus was discovered by M.W. Beijerinck and he is named as 
Father of Virology. 

Felix’d Herelle first named the Bacteriophage. 

Viruses are ultra-microscopic nucleo-protein particles which replicate within 
specific host but behave as non-living organisms extracellularly. 

The mode of reproduction is not similar to higher organisms. 

Viruses can explain the origin of life in the Earth. 

Viruses can form crystalline structure at a very low temperature. 

Plant viruses usually have single stranded RNA, Reovirus has double stranded 
RNA, while Caulimovirus has ds-DNA. 

Animal viruses may have either DNA or RNA, Parvovirus has ss-DNA, Picorna 
virus has ss-RNA. y 

The body of a virus is composed of a protein sheath called capsid and an inner 
core of nucleic acid. 

The capsid is formed of smaller subunits called capsomeres. 

Some animal viruses may have an additional lipid coat with spikes called 1 
which are protected against host's enzymes. 

The complete virus particle capable of infection is called virion, while a virus 
devoid of capsid is called viroid. 

The TMV has a rod-shaped structure, while the paramyxovirus has a irregular 
capsid covered by an irregular lipid membrane provided with spike. 
Bacteriophage destroys bacteria and has a polygonal head and a long tail covered 
by the tail sheath and DNA core. 
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The prophage or temperate phage follows lysogenic cycle. 

The largest virus is the Clostero virus (600 — 2000nm). 

The smallest virus is the Rhinovirus causing the foot, mouth disease of cattles (7- 

Anm.). 

viruses are transported by some form of carriers called vectors, 

r Tobacco necrosis viruses are incomplete viruses i e., it cannot cause the infection 
alone. 

t¥ Prions are slow virus causing mad-cow disease of man. 

17 The AIDS virus is a RNA virus destroying the helper T-cells, causing loss of 

immunity power, treated with compounds like Zidovudine. 


RRR 


2.13. Summary 


Viruses are intermediate between living and non-living organisms. They are 
obligatory parasite with a protein coat called capsid and a nucleic acid core; which 
may be DNA or RNA. Generally plant viruses have RNA and bacteriophage have 
DNA ; animal viruses may have either DNA or RNA. The cancer inducing viruses 
also have RNA but are capable of synthesizing DNA from RNA by the process of 
reverse transcription within the host’s body. The viruses generally exhibit two distinct 
phases, the extracellular phase without the power of reproduction, while the 
intracellular phase with the power of reproduction. Moreoyer the intracellular virion 
exhibits two types of life cycle viz., the lytic phase and lysogenic phase. In the lytic 
cycle, the virus is virulent and causes lysis of the cell by the various sub-phases like 
invasion, penetration. eclipse, maturation, assembly and release, The lysogenic phase 
shows that the viral DNA gets incorporated into the host cell DNA in the form of a 
temperate phage and divides along with the host’s DNA. Ultimately they may either 
change to lytic phase or can modify the pattern of cell division of the host inducing 
cancer. The AIDS virus destroys the immunity of human body, the prions are 
infectious proteins causing the mad-cow disease and some viruses are capable of 
causing diseases to plants, animals, bacteria, blue green algae, fungi etc. Viruses 
are controlled by antiviral compounds, vaccination and interferon. They are important 
for raising vaccine and also in genetic engineering research. Bacteriophage is also 
useful because it can destroy pathogenic bacteria. 


2.14. Naming / Discovery / Discoverer 

{1] C. Clusius (1576) first reported the viral disease of tulip. 

[2] E. Jenner (1796) showed that the causal organism for small pox is virus and it 
can be prevented by vaccination. 

[3] Louis Pasteur (1880) first said that smallpox is not caused by bacteria. 

[4] Adolf Mayer (1886) denoted the tobacco mosaic disease. 

[5] Guarnieri (1892) discovered smallpox virus. 

[6] D. Iwanowski (1892) showed that the fluid from tobacco plant even after filtration 
through bacterial filter, induces the disease. z 

[7] M. J. Beijerinck (1896) proposed the term virus and he is referred to as the 
Father of Virology. 

[8] F. d’ Herelle (1916) described the Bacteriophage. 
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[9] Takahashi and Rawlins (1933) described the ultrastructure of TMV. 

[10] N. W. Pirie and F. C. Bowden (1936) showed the virion crystal of TMV consists 
of nucleic acid (RNA) and protein. 

[11] Delbruck (1939) denoted that viruses are capable of undergoing mutation. 

[12] Shafferman and Moris (1951) first denoted Cyanophage and in 1963 described 
its ultrastructure, 

[13] Harshey and Chase (1952) indicated the role of protein and nucleic acid in viral 
replication. 

[14] Gierer and Schramm (1958) first proved that the nucleic acid of virus is infectious 
in nature. 

[15] S. G. Brenner (1959) described the ultrastructure of T, bacteriophage. 

[16] Diener and Raymer (1967) first denoted viroid and proved its infectious nature. 

[17] Gottlieb (1981) reported the human immuno deficiency virus causing AIDS. 

[18] Sabin, Tam and Dress (1983) showed that induction of cancer takes place in 
human by Herpes simplex virus. 


2.15. Answers to Some Special Questions 


[1] What are virion and vector? IJ. E. E. 1990] 
Ans. Virion is the complete infectious virus particle. While vectors are organisms 
that transmit the virus particle. 
[2] Name 2 viruses with both RNA and DNA. [J.E.E. 1990] 
Ans. The cancer viruses like Semian virus and Rous-sarcoma virus contains RNA 
outside host’s body but within the host, they synthesize DNA with the help of 
reverse transcriptase enzyme. 
[3] Why Chlamydia psittasi is not a virus technically? 
Ans. The Chlamydia psittasi is not a virus because it contains both DNA and RNA at 
the same time. 
[4] What are the smallest and largest virus? 
Ans. The smallest virus is Rhino virus (10nm) while the largest virus is Clostero 
virus (600-2000 mm). 
[5] Name an animal virus with RNA. 
Ans. Poliomyelitis virus. 
[6] Name a single stranded DNA and double stranded RNA virus. 
Ans. Coliphage ꝙ x 174, Reo-virus. 
[7] What is the disposable micro-syringe stage? 
Ans. The stage in which the capsid remain outside the bacterial cell and the DNA is 
injected inside the bacterial cell is called disposable micro-syringe stage. 
[8] What is latent period? 
Ans. The time-period between the entry of virus and the initiation of lytic cycle. 
[9] What is the importance of Papo virus ? 
Ans. It causes wart disease of cattles causing warty outgrowth on the skin. 
[10] What is Marek disease? 
Ans. The disease occurs in chicken caused by herpes virus causing cancer of the 
lymph glands. 


m1] 
Ans. 


{12} 
Ans. 
131 
Ans. 
1141 
Ans. 
[15] 
Ans. 


[16] 
Ans. 
[17] 
Ans. 


[18] 
Ans. 


{19} 
Ans. 


[20] 
Ans. 
[21] 
Ans. 
[22] 
Ans. 
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What is Orchitis ? 

It is caused by thë mumps or paramyxo virus causing swelling of salivary glands 
and also the testicles. 

Name the organism causing Measles and German Measles. 

Rubeola and Rubella virus. 

What is break-bone fever ? 

It is other name for dengu because of pain in limbs and muscles. 

Which virus causes meningitis ? 

Adeno virus 7. 

Is virus prokaryote or eukaryote ? [J.E.E. 1997] 
Virus is intermediate between living and non-living, SO it is neither a prokaryote, 
nor a eukaryotic organism. 

Name a virus which replicate in the cell nucleus. 

The influenza virus containing RNA core replicates in the nucleus, 

How it was showed for the first time that virus is different from bacteria ? 
The discovery of porcelain filter by Chamberland in 1884 showed that bacteria 
is retained but viruses pass freely. 

What are virokines ? 

They are viral-encoded proteins which are directly not required for viral 
replication but influence viral pathogenesis. 

What is plaque ? 

A plaque is a clear zone in a bacterial colony caused by lysis of bacteria by 
bacteriophage. 

Name two mycoviruses. 

Cucumovirus and Tobavirus. 

Name two viruses that invade the invertebrates. 

Baculo-virus and Nudaurelia virus. 

What are the different types of antiviral vaceines ? 

They are mainly of four types. 

(i) Killed or inactivated virus particles like in rabies, Salk vaccine of polio. 
(ii) Attenuated viral strains like the Sabin oral vaccine of polio, measles vaccine, 
mumps vaccine. 

(iii) Genetically engineered vaccine in hepatitis C (under trial) and influenza. 
(iv) Antigen fraction in hepatitis B. 


mmm mmm m EXERCISE 2222 


@ A. Long Answer type : 


11 
121 


[3] 
[4] 


[5] 


How plant and animal viruses are classified ? (Ans. 2.4) 
What is virus ? Differentiate between virus and bacteria. State the importance of virus and 
bacteria. (Ans. 2.1.2, 2.9) 
Is virus animate or inanimate ? What type of parasite it is ? Name a biological vector. 

LIE. E. 1996] (Ans. 2.2, 2.2.4, 2.5) 


In what feature, multiplication of virus differs from that of bacteria ? Can a virus reproduce 


outside the cell ? Why they are obligatory parasites ? Name a virus with binal structure. 
[J.E.E. 1997] (Ans. 2.6, 1.7) 


Write about the importances of viruses. 
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[6] What is virus ? Is virus prokaryotic or eukaryotic ? Give reasons. 
[J.E.E. 1990] (Ans, 1.2, 2.2.3) 


[7] Give one living character and one non-living character of virus. What is bacteriophage ? 


What is virion ? What is vector ? 


[J.E.E. 1989, 90] (Ans. 1.2.4, 2.5, 2.8) 


[8] What is virus? With the help of a neat labelled sketch describe the different parts of a virus. 
State three important features by which viruses can be distinguished from bacteria. Name one 


RNA virus. 


(Ans, 2.1.2, 2.4, 2.9) 


[9] What is a virus ? With the help of neat labelled sketch desribe the different structures of virus. 
Is virus a prokaryote or eukaryote ? Give reasons for your answer. Name any two,animal or 


plant diseases caused by virus. 


(Ans, 2.4, 2.5) 


10] Define virus. Write the characteristics of viruses. Write the main differences between viruses 


and bacteria, 


(Ans. 2.1.2, 2.2.4) 


[11] Name any virus that destroys bacteria. Briefly explain the process of multiplication. 


JE. E. 1986] (Ans. 2.6) 


[12] What are viruses and why is the study of viruses important How does virus differ from 
bacterium structurally ? Name at least two diseases caused by virus, 


IJ. E. E. 1978] (Ans. 2.4 ; 2.9) 


[13] Describe paramyxo virus. (Ans, 2.5) 
© B. Short Answer type: 
[1] Why is virus called non-cellular ? (Ans. 2.2.3) 
[2] Name two diseases of virus. [J.E.E. 1994] (Ans. 2.4) 
[3] What is capsomere ? (Ans. 2.5) 
[4] What is virus? (Ans, 2.1.2) 
[5] What is mycophage and cyanophage ? (Ans, 2.5) 
[6] What is virion ? (Ans. 2.2.4) 
[7] What is prion ? (Ans. 2.2.4) 
[8] What is a vector ? (Ans, 2.5) 
[9] Why bacteriophage is called a beneficial virus ? (Ans. 2.5) 
[10] Name 2 RNA and 2 DNA viruses ? (Ans, 2.4) 
[11] How does virus differ from plasmid ? J. E. E. 1995] (Ans. 2.2.3) 
[12] Why AIDS are caused ? (Ans, 2.5) 
© C. Very Short Answer type: i 
[1] Why is the full form of T.M.V. ? (Ans. 2,5) 
[2] Name a phage- virus. (Ans. 2.5) 
[3] What is temperate phage ? (Ans, 2.7) 
[4] Why bacteriophage is called beneficial virus ? (Ans, 2.5) 
[5] Name to RNA virus. (Ans. 2.4) 
[6] Name two DNA virus. (Ans, 2.4) 
[7] Is virus a prokaryote or an eukaryote ? [J.E.E. 1997] (Ans. 2.2.3) 
[8] Mention one non-living character of virus. (Ans. 2.2.3) 
[9], Mention one non-living character of virus. (Ans, 2.2.3) 
[10] Why virus is called an obligate parasite ? (Ans, 2.2.3) 
[11] Name two plant viruses, (Ans, 2.4) 
[12] Name two animal viruses. (Ans. 2.4) 
[13] Name one plant virus containing DNA. (Ans. 2.4) 
[14] Name one beneficial virus and one harmful virus. (Ans. 2.9) 


[15] Name the AIDS virus and the nucleic acid present in it. 


[16] What is capsid ? 
© D. Write Notes on: 


[J.E.E. 1995] (Ans. 2.5) 


[1] Bacteriophage. (Ans, 2.5) 
[2] Capsomere. (Ans. 2.5) 
[3] Prophage. (Ans. 2.6) 


[4] Characteristics of virus. 


(Ans, 2.2.4) 
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[5] Capsid. (Ans, 2.5) 
[6] T.M. V. (Ans. 2.5) 
[7] Shape of virus. (Ans, 2.3) 
[8] Nucleoid of virus: (Ans, 2.5) 
[9] Lysis. (Ans. 2.6) 
[10] Maturation phase. (Ans. 2.6) 
[11] Importance of virus, (Ans, 2.9) 
[12] Interferon, g * [J.E.E. 1999] (Ans. 2.9) 
[13] Coliphage. (Ans. 2.5) 
[14] Cyanophage. (Ans, 2.5) 
© E. Distinguish between: 
[1] Bacteriophage and Cyanophage. (Ans. 2.5) 
[2] Prophage and Vegetative phage. (Ans. 2.6) 
[3] Lipovirus and Myxovirus. (Ans. 2.5) 
[4] Capsid and Capsomere. (Ans, 2.5) 
[5] Absorption and Penetration. (Ans. 2.6) 
[6] Temperate phage and Virulent phage. (Ans. 2.6) 
[7] Lytic and Lysogenic cycle. (Ans, 2.6) 
181 Virion and viroid. (Ans. 2.2.4) 


@ F. Multiple choice type: 5 
[1] The name virus given by — Beijerinck) Iwanowski / Loeffler. 
[2] Bacteriophage was termed by - Bowden / Rawlins / d' Hetelle / Schelinger. 
[3] During infection bacteriophage infects with = DNA / Capsid / Tail. 
[4] Carrier of viruses are called — Virion / Vector / Lysogenic phage / Cyanophage. 
[5] TMV was termed by - Stanley / Adolf Mayer / Koch / Delbruck. 
[6] Reo viruses have - DNA / KNA / both DNA and RNA at different stages. 
© G. Fill up the blanks : AU 
I The cancer inducing virus contains, ~ 
121.— are tadpole like viruses. 
[3] The outer covering of virus is called. 
{4] Plant virus contains, as nucleic acid, 
[5] The are the smallest infective protein. 
[6) AIDS. virus has, core. 
@ H. Put Y Mark on Yes or No for correct answer: 


[1] Bowden discovered DNA in bacteriophage. N Yes / No. 
[2] Bacteriophage is a rod-shaped virus. Yes / No. 
[3] Infectious virus is called vector. * Yes / No. 
[4] All plant viruses contain DNA. i Yes / No. 
[5] All animal viruses contain RNA, Yes / No. 
[6] Nucleocapsid part of bacteriophage enters the host cell during infection. Yes / No. 
7] The spikes of lipo viruses secrete lytic enzymes. Yes / No. 

Yes / No. 


[8] Some viruses can induce cancer. 


Answers to Q No. F, G, H 


l [1] Beijerinck. [2] d'Herelle. [3] DNA. [4] Vector. [5] Stanley. [6] DNA and RNA. 
[1] RNA. [2] Bacteriophage. [3] Capsid. [4] RNA. [5] Prion. [6] RNA. 
[1] No. [2]'No. [3] No. [4] No. [5] No. [6] No. [7] No: [8] Yes. 
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Bacteria 


‘Topics Discussed : Introduction, History and Discovery, Systematic position, Definition, Occurrence and 
Distribution, Characteristics, (Why bacteria are regarded as plants ?) Size, Classification of bacteria on the 
basis of morphology, nutrition types, Staining, thermal sensitivity and flagella. Mineral nutrition in bacteria, 
Respiration in bacteria, Structure of a bacterial cell and its components, Bacterial reproduction (vegetative, 
asexual and sexual), Life cycle of bacteria, Importance of bacteria, Harmful aspects of bacteria (Diseases 
caused and their remedies), Important Differences. 


3.1. Introduction 


The micro-organisms are those which are invisible to the naked eye and are only 
observed with the help of a compound microscope. Bacteria constitute majority of 
these microbes in this Earth. A single bacterium is prokaryotic in nature, that is, their 
genetic material is not contained within the nuclear membrane. They are devoid of 
most of the major cell organelles and lack a true unit membrane. They are cosmopolitan 
in habit serving as a parasite, saprophyte or even as a symbiont. The study of bacteria 
is carried out in a branch of Microbiology called Bacteriology. 


3.1.1. HISTORY AND DISCOVERY OF BACTERIA 


The description of bacteria was given for the first time by Antony Von Leeuwenhoek 
in 1683, published in the Royal Society Journal and was referred to as “Small 
Animalcules”. The naming of bacteria was done by C. G. Ehrenberg (1828) from the 
Greek word small rod. Louis Pasteur (1876) demonstrated the role of bacteria in 
decay and fermentation. Later Robert Koch (1876) demonstrated the role of bacteria 
in decay and fermentation. Later Robert Koch (1910) proved the ability of bacteria to 
cause disease in man and animals, 


3.2, Systematic Position 


Leeuwenhoek considered bacteria as animalcules and placed them under animal 
kingdom primarily because bacteria exhibit locomotion like animals. Later F. J. Cohn 
(1854) considered bacteria among plants because (i) they have cell wall (ii) some have 
green chlorophyll like pigments and exhibit autotropic mode of nutrition and also shows 
(iii) diffusion of soluble food. Bacteria was also placed under Protista because of their 
similarity with unicellular animals like protozoa in having flagella or being parasitic in 
nature. Later Whittaker (1969) considered bacteria and blue green algae under 
prokaryotes and placed them under the kingdom monera in his five kingdom concept. 


3.3. Definition 


Bacteria are a group of unicelluar, microscopic, prokaryotic organisms, which can 
Survive parasitically, saprophytically and also as a symbiont. 
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3.4. Occurrence and Distribution 


Bacteria are found almost everywhere and can grow in the toughest of environmental 
condition. They are aquatic (both fresh water and marine), grow in the soil and also in 
the dead organie matter, in the air, in extreme hot conditions (near volcanoes or hot 
springs) or even in the snow. They may be aerobic or anaerobic, that is growing as 
parasite within the living plants and animals. The following are the examples of bacteria 
growing in different sites: 

Aquatic Bacteria : Salmonella, Vibrio, Shigella. 

Terrestrial Bacteria : Nitrosomonas, Nitrobacter, Azotobacter, 


[1] 
[2] 


(3] 
141 
[5] 


161 
[7] 


[8] 


Airborne Bacteria 
Food poisoning Bacteria 


Clostridium, Rhizobium. 
Bacillus, Sarcina. 
Enterococcus, Micrococcus. 


Meat and Egg spoiling 


Bacteria : Streptococcus. 

Milk spoiling Bacteria : Lactobacillus, Streptococcus. 
Plant pathogenic Bacteria ; 

Xanthomonas citri — Citrus Canker. 
Agrobacterium tumefasciens Crown gall tumor of potato. 
Xanthomonas oryzae ‘+ Bacterial blight of rice. 
Bacteria pathogenic to Human : i t 

Mycobacterium tuberculosis — Tuberculosis. 

Clostridium tetanae — Tetanus. 

Diplococcus pneumoniae ~ Pneumonia. 

Salmonella typhi — Typhoid. 

Haemophilous influenzae — Influenza. 

Treponema pallidum — Syphillis 

Neissaria gonorrhoea — Gonorrhoea. 
Staphylococcus aureus Pharyngitis and Acne vulgaris 
Pasteuriella pestis — Plague. 

Mycobacterium leprae — leprosy. 


3.5. Characteristics of Bacteria 


111 
[2] 


[B] 


[4] 
[5] 
[6] 


[7] 
[8] 
[9] 
110] 


Unicellular organisms with a diameter less than 34 p. 

Chlorophyll b is absent but replaced by chlorophyll a and chlorobium 
chlorophyll. s 

They possess a well defined non-cellulosic cell wall, commonly called 
peptidoglycan. 

The nucleus is devoid of nuclear membrane. 

The DNA is simple, circular, non-complexed with histone protein. 

The unit membrane-bound organelles like mitochondria, plastids, E. R., Golgi 
apparatus are absent. 

The respiration is carried out in the mesosomes. 

The photosynthetic pigments are stored within chromatophores. 

The site of protein synthesis is the 70S ribosome. 

The mitosis is replaced by the process of amitosis. 
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[11] The reproduction mostly occurs by vegetative and asextial means. 

[12] Sexual reproduction is rare, it occurs by conjugation, transformation and 
transduction. 

[13] The end product of conjugation is a partial zygote or a merozygote. 

[14] The bacteria can survive as autotrophic, heterotrophic or symbiotic organism, 
most of them being parasitic in nature. 

[15] The bacteria may produce various secondary metabolites useful to mankind 
in the form of medicines or enzymes. 

[16] Bacteria may play some beneficial role in human body like synthesis of B- 
vitamins, 


„ Why bacteria was considered as plants? 

Ans. Bacteria was considered as a member of plant kingdom by F. J. Cohn 
(1854) because of the following reasons : 

[1] Bacteria possess a distinct cell wall composed of polysaccharide, lipid and 
protein. 

[2] Some bacteria can synthesize their own food because of having 
bacteriochlorophyll. 

[3] Bacteria mostly reproduce vegetatively. 

[4] Bacteria can prepare vitamins within their bodies. 


3.6. Size of Bacteria 


The size of bacteria varies greatly, the length varies between 0.1 to 104, while the 
diameter is between 0.5. to 1u. Mycoplasma is the smallest bacteria (O. IA diameter). 
Bacillus butschilli (length 80% and width 3 - 6p) is a large bacteria, Spirochaets are 
also larger bacteria with a diameter of 250m. The largest bacteria is Epulopiscium 
fishelsoni found in the gut of Sugeon fish (Acanthurus migrofuscus) with a diameter 
of 600p. 


3.7. Classification of Bacteria 


The classification of bacteria is on the basis of shape, cell wall, flagella, nutrition 
and morphology. 

[A] On the basis of shape : 

Cohn in 1872 classified bacteria into four major types depending on their shapes, 
which are as follows : 

[1] Cocci (Sing : Coccus) : 

They are unicellular, spherical or ellipsoidal in shape. They may either remain as a 
single cell or may aggregate together to form various configuration and they are as 
follows : 

[a] Monococcus : They are also called Micrococcus and represented by single, 
discrete round cell e.g. Micrococcus flavus. 

[b] Diplococcus : The cell divides once in a particular plane and after division, the 
cells remain attached to each other e.g. Diplococcus pneumoniae. 

[c] Streptococcus : The cells divide repeatedly in one plane to form chain of cells 
e.g. Streptococcus pyogenes. 

[d] Tetracoccus : The consist of four round cells, which divide in two planes at 
right angles to each other e.g. Gaffkya tetragena. 
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[e] Staphylococcus : The cells divide in 3 planes forming a structure like bunches 
of grapes giving an irregular configuration e.g. Staphylococcus aureus. 


BACILLI STREPTOCOCCI 


ii — 
PrE AL 
n SPIRILLA 


Fig. 3.1 : Types of Bacteria. 

[f] Sarcina : The cells divide in three planes but they form a cube like configuration 
consisting of 8 or 16 cells. Unlike Staphylococci, they have a regular shape e. g. Sarcina 
lutea, 

[2] Bacilli (Sing: bacillus) : They are rod shaped or cylindrical bacteria which 
either remain singly as in Yersenia pestis or in pairs as Diplobacilli e.g. Pseudomonas 
or in chains as Streptobacilli e.g. Bacillus cereus. They vary widely in their sizes. 

[3] Vibrio or Comma Shaped : They are the curved, comma shaped bacteria and 
represented by a single genus, Vibrio cholerae. 

[4] Spirilla (Sing : Spirillum) : These bacteria are spiral, spring like with multiple 
curvature and terminal flagella e.g. Rhodospirillum rubrum, Spirillum volutans. 
Monomorphism : A bacteria normally remains in a single form irrespective of 
the host it is invading. 

Pleomorphism : The phenomenon by which a single bacterium exists in various 
morphological forms is known as pleomorphism (e.g. Azotobacter, Rhizobium). 


The table below shows bacterial classification on the basis of morphology : 


Bacteria 
Cocci Bacilli Vibrio. . Spirilla 
(Round) (Rod shaped) (Comma shaped) (Spiral) 
e.g. Bacillus cereus Vibrio cholerae Spirillum 


volutans 


Monococcus Diplococcus Streptococcus Tetracoccus Staphylo- Sarcina 


(Single round (Pair of round (Chain of round (Four round Coccus (Cube 
cell) cells) cells) cells) (Bunch of like) 
e.g. Micrococcus Diplococcus Streptococcus Gaffkya cells) Sarcina 
flaveus pneumoniae pyrogenes terugena Staphylo- lutea 


coccus aureus 


2253—6 
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[B] Classification of bacteria on the basis of nutrition: 
The bacteria can be classified in the following way on the basis of their nutrition: 


Bacteria 
Autotrophie Bacteria Heterotrophic Bacteria 


Photoautotrophs Chemoautotrophs Photoheterotrophs Chemoheterotrophs 
e. g., Chlorobacterium e.g.: Beggiatoa e.g.: Rhodospirillum eg.: Escherichia 


[1] Autotrophic Bacteria : These bacteria are non-pathogenic, free living, self 
sustaining in nature, which prepare their own food utilizing the solar energy and 
inorganic components like CO, NM. etc. 

[a] Photoautotrophs : These bacteria contain bacterio-chlorophyll and 
bacterioviridin and can prepare their own food by fixing CO, from the nature utilizing 
solar energy. But in these bacteria the electron donor is HS instead of H,O, so they 
produce elemental sulphur instead of O.. 

[b] Chemoautotrophs: The bacteria which prepare their food by deriving the 
energy from oxidation of inorganic substances like NO, CO, etc. Nitrifying bacteria 
like Nitrosomonas and Nitrobacter oxidizes ammonia to nitrite and nitrite to nitrate 
respectively; Beggiatoa oxidizes hydrogen sulphide. But these bacteria also fix CO, 
and water for their nutrition. 


[2] Heterotrophic bacteria : These bacteria cannot fix inorganic carbon but rather 
depend on external organic carbon for their nourishment. They can be classified in two 
ways : [a] On the basis of presence and absence of light, [b] On the basis of the 
media on which the bacteria are growing. 0 

[a] On the basis of presence or absence of light, bacteria may be classified as 
Photoheterotrophs and Chemoheterotrophs. 

[i] Photoheterotrophs : These bacteria\survive in presence of light, but utilizes 
organic compounds as their source of carbon. They are also called Photo-organotrophs, 
e.g. Rhodopseudomonas, Rhodospirillum. 

[ii] Chemoheterotrophs: These bacteria do not survive in presence of sunlight 
and utilize the organic carbon resources. They are also called Cheimo-organotrophs, 
e.g. Escherichia, Bacteria like Beggiatoa rely on inorganic energy sources and organic 
carbon sources, are called myxotrophs as they combine chemoautotrophic and 
heterotrophic metabolic processes. 


On the basis of the medium of growth, bacteria can be classified as 
Saprophytes and Parasites : 

lil Saprophytes : The bacteria which grow on dead and decaying organisms 
and they can either be total saprophyte like Nitrosomonas or they can be facultative 
saprophyte like Clostridium, which can survive both asa saprophyte or sometimes 
as a parasite. 

[ii] Parasites : These bacteria normally derive their nourishment from the living 
organisms and they can also be obligatory parasite e.g. Neisseria or facultative 
parasite e.g. Pseudomonas. ` 
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C] Classification on the basis of cell wall (staining reaction): Bacteria can be 
classified into two types depending upon the staining reactions by Gram stain, which 
are: 

[1] Gram positive: They retain the crystal violet or Gram stain, which appear 
violet (e.g. Streptococcus, Bacillus subtilis). 

[2] Gram negative : They do not retain the gram stain, but they take up the red 
colour of the counter stain. saffranin (e.g. Escherichia coli, Salmonella gallinarum). 
This is primarily due to the difference in the peptidoglycan (cell wall) structure. 

Difference between Gram positive and Gram negative bacteria : 


Points of Differences Gram positive Gram negative 
[1] Gram stain : [1] Gram stain is retained. [1] Gram stain is not retained. 
counter stained by saffranin. 
[2] Nutrition : [2] Nutrition is complex. [2] It is simple. 
[3] Antibiotic sensitivity: [3] More susceptible to [3] Less susceptible to 
common antibiotic. common antibiotic. 

[4] Disruption of cellular [4] Cellular metabolism is [4] The metabolism is 

metabolism: disrupted to lesser extent disrupted: to à greater extent 


due to antibiotic treatment. due to antibiotic treatment. 
[5] Cell wall component : {5} Lipid content is 2%, [5] High lipid content (20%), 
thicker in outline, contains thinner in outline, contains 


upto 4 amino acids, up to 18 amino acids, techoic 
techoic acid present. acid absent. 


Exo enzyme : The bacteria (both parasite and saprophyte) produce extracellular 
enzymes like lipase, amylase and protease, which digest complex organic substances 
into comparatively simple organic or inorganic forms. 

Bacteriocin : A polypeptide produced by bacteria, which acts like an antibiotic 
by killing the closely related species, while bacteriocinogen is a precursor during 
the synthesis of bacteriocin. ) 

Gram stain : This technique was denoted by Christian Gram (1884);a Danish 
bacteriologist. The bacterial film is prepared in a slide and stained with crystal 
violet solution for 30 seconds. followed by lugol’s iodine for another 30 seconds 
and the stains were removed by washing with 95% ethyl alcohol. The stain is retained 
by gram-positive bacteria, while it is washed off in gram-negative bacteria. Then 
the film was counter stained by aquous Saffranine and this red colour is taken by 
gram-negative bacteria, while the gram-positive bacteria retained the blue violet 
colour of the gram stain. 

[D] Classification on the basis of temperature response : 
Bacteria can be classified into four major types on the basis of their temperature 
response as indicated in the table below. 


Bacteria 
Psychrophilic Mesophilic Thermophilic | Thermoduric 
(Grows at refrigeration (Grows at normal (Grows at (Grows for 
temperature) temperature) 65 - 70°C) a short time 
e.g. Pseudomonas Lactobacillus Clostridium at 70°C) 


Corynebacterium 
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[1] Psychrophilie bacteria : These bacteria grows just above the freezing 
temperature, they can cause contamination of food stored in the refrigerator, They 
rarely survive pasteurization, but can cause contamination in the food stored in 
containers, bottles etc, [e.g. Pseudomonas, Achromobacter, Flavobacterium, | 

[2] Mesophilic bacteria : They grow at normal temperature in the water bodies, 
food products, liberate gas and cause change in texture. They are killed by the process 
of pasteurization. e.g. Lactobacillus ; Escherichea, coli, Streptococcus. 

[3] Thermophilic bacteria : These bacteria can survive at higher temperatures und 
can withstand the pasteurization temperature, They include Clostridium, Bacillus, The 
genus Thermomonospora can survive temperatures upto 48°C, they produce a single 
spore, which is not temperature resistant. The Thermoactinomyces produce a chain of 
spores, the vegetative forms can grow up to 60°C, but the endospores are heat resistant 
and can grow at 90°C for 30 minutes. The Thermoactinomyces vulgaris isolated from 
the mud of Minnesota lake in U.S.A, was found to be viable after 7500 years of 
dormancy. } 

[4] Thermoduric bacteria : These bacteria can survive pasteurization but cannot 
grow at the pasteurization temperature. Excessive number of thermoduric bacteria causes 
contamination of milk. e.g. Micrococcus, Corynebacteriwn, Streptococcus, 


[E] Classification on the basis of number of flagella : 


The bacteria can be classified in the following way on the basis of number and 
arrangement of flagella : 

[1] Atrichous : Bacteria without flagella, e.g. » Corynebacterium diptherae. 

[2] Monotrichous : One flagellum is attached to one end of the cell. e.g. Vibrio 
cholerae, 

[3] Lophotrichous : Tuft of flagella is attached to one end of the cell, e.g. 
Pseudomonas. à 

[4] Amphitrichous: Tuft of flagella arising from both end of the cell, e.g. Rhodo- 
spirillum rubrum, 

[5] Peritrichous : The flagella are evenly distributed surrounding the entire bacterial 
cell, e.g. Bacillus. 


Fig. 3.2: Types of flagellated bacteria. 
A-Monotrichous, B-Lophotrichous, C-Amphitrichous, D-Peritrichous; 


3.8. Mineral Nutrition in Bacteria 


The major elements, required by bacteria are carbon, nitrogen, phosphorus, sulphur, 
calcium, iron, potassium and magnesium. The micro-elements include copper, 
manganese, cobalt. zinc. molybdenum. 
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The following table represents the variuos elements, their sources, functions : 


Name of the Element | Sour 


[1] Carbon Sugar, polysaccharide, 
amino acids, proteins 
and lipids. 

Ammonia, nitrite, nitrate, 
urea, amino acids, 

In the form of inorganic 
phosphates. 


Formation of cell wall, cell- 
organelle and also as a source of 
energy. 

Synthesis of cell membrane, 
nucleic acids and proteins, 
Synthesis of ATP, nucleic acid 
and phospho-lipids, protein 
synthesis. 


[2] Nitrogen 


[3] Phosphorus. 


[4] Sulphur Sulphate sults. Protein synthesis. 
[5] Calcium Soluble calcium salts. Enzyme stabilizers. 
[6] Iron Soluble salts. Enzyme synthesis. 


[7] Potassium Soluble potassium salts. | Act as an enzyme co-factor, 

activation of membrane. 

[8] Magnesium Mostly as enzyme co-factors. 

[9] Trace elements: 
Manganese, copper, 
cobalt, zinc and 


molybdenum, 


Soluble magnesium salts. 


Water soluble salts of 
these elements. 


Mostly as co-enzymes, 


3.9. Respiration In Bacteria 


‘The bacteria exhibit three types of respiratory processes, which are as follows : 

[1] Aerobic respiration : This type of respiration occurs strictly in presence of 
molecular oxygen and they cannot live in absence of oxygen e.g. : Mycobacterium 
tuberculosis, Corynebacterium diptherae, Some of the bacteria can survive in little 
quantity of air called micro-aerophilic organisms e.g. Pseudomonas, 

[2] Anaerobic respiration : These bacteria occur strictly in absence of molecular 
oxygen and are called obligate anaerobs e.g. Clostridium tetanae causing tetanus and 
Clostridium septicum causing gas gangrene. i 

[3] Facultative anaerobic respiration : These bacteria can survive both in presence 
or in absence of molecular oxygen and so they are called facultative anaerobic bacteria 
e.g. Escherichia coli, 

3.9.1. LOCOMOTION IN BACTERIA 

The pathogenic bacteria within the hosts’ body do-not exhibit any movement, but 
the bacteria exhibit movement in their natural habitat. The locomotary activity of bacteria 
may be explained in the following ways : 

{1] Gliding movement: This movement is exhibited by the non-flagellated bacteria 
and is commonly done with the help of the frictional movement of the slimy envelope 
against a hard substratum e.g. Myxococcus. 

[2] Contractile protein movement : This movement is exhibited by alternate 
contraction and relaxation of protein chains in the bacteria, which help in alternate 
waves of contraction and relaxation and helps the organism to move e.g. Cytophaga. 

[3] Flagellary movement : The number of flagella varies from zero to many and 
they normally operate by continuous upstroke or downstroke, converting chemical 
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energy to mechanical energy and utilizes ATP. The flagella help the bacteria to move 
towards light (phototactic movement) or away from the toxic chemicals (chemotactic 
movement). The rate of movement varies with the number of flagella and its power of 
stroke. e.g. : Rhodospirillum. 


3.10. Bacterial Cell Structure 


The bacteria represents a typical prokaryotic cell and the different structures present 
in a bacterial cell are represented in the following chart: 
Bacteria cell 


Cellular projections Protective layers Cytoplasm 


Flagella Pili Fimbrae Capsule Cell wall Cell membrane 


Cytoplasm Nucleoid Cytoplasmic organelles 


Chromatophore Carboxysome 70S Ribosome Pseudo vacuole’ E.M, 

[A] Cellular projections : . ; 

[1] Flagella : [a] Location : The flagella are present either close to the poles or 
distributed along the entire cell. They arise from the cytoplasm and emerges from the 
cell as tubular whip-like projections. t 

[b] Structure ; The flagella are divided into three parts vie. the basal body, hook 
like structure and the terminal filament. f 


C 
SAL] Outer membrane 


Peptidoglycan 
layer 


Cell envelope 


Gytoplasmjg 
7 membrane 
8 ring 


M ring 


Fig. 3.3 : Attachment of flagella to a gram negative bacteria. 

(i) The basal body remains within the cytoplasm, it consists of upto four rings 
arranged in a linear sequence in Gram ve bacteria, They are the M ring and $ ring 
corresponding to the cell membrane and also the P and L ring, corresponding to the 
peptidoglycan and the outer membrane. The diameter ranges between 20-504. In Gram 
ve bacteria, the outer two rings are absent. 

(ii) Hook like portion is the intermediate part connecting the terminal filament 
with the basal body also called axoneme. 
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(iii) The main filament remains at the terminal part of the flagella. It is 4.5% in 
length and the diameter ranges between 10-20 wand is covered by a sheath. 
[c] Types : The flagella may be classified on the basis of their position from where 
itarises in a bacterial cell, that is atrichous (flagella absent), monotrichous, lophotrichous, 
amphitrichous, peritrichous. 

[d] Chemical composition: The flagella consist of a single microfilament, which 
are formed of protein subunits called flagellin. 

[e} Functions: It helps in bacterial motility for procuring food and also helps in 
reproduction. 


Mesosome = Nucleoid Gus 


Granule 
Vacuole (Polyphosphate) 


Flagella Cell Membrane 
Granule 


Cell Wall <x, (Polysaccharide) 


Cytoplasin } A” Granule (Acid) 
Ribosome — 
Thylakoid“ . s _, Granule 
eet Thylakoid Thylakoid (Sulph 
(Vesicular) (Flat) (Tubular) (Sulphur), 


Fig. 3.4 Structure of a bacterial cell (electron microscopic view). 


[2] Pili : (a) Structure : They are short filamentous appendages present in some 
gram negative bacteria like Shigella. They are 3-5 in length and distributed all along 
the cell wall. They are smaller then flagella and some are long and thin, while others 
are short and rigid. They consist of an helical protein called pili. They are also called 
F-pilus. 

(b) Functions : (i) They form a bridge during bacterial conjugation. 

(ii) They provide the passage for exchange of genetic material during conjugation. 

- [3] Fimbrae : (a) Structure : Initially they were believed to be the same as Pili, but 
they are variable in size, having a range of 0.1p to Sp and is formed of a non-polar 
protein in some gram-negative bacteria like Neisseria. They are different from pili also 
in terms of their functions. 

[b] Functions : (i) Attachment to the host’s cell during infection. 

(i) They are also acting as an organ for binding cells together. 


[B] Protective layers: 

[1] Capsule or slime layer: (a) Structure : It is an outer viscous layer surrounding 
the cell wall as an envelope. It is also known glycocalyx and is present in both gram- 
positive and gram-negative bacteria, though mostly in the latter. Sometimes the capsule 
becomes hard and thick like cuticle, it is normally produced by the cell wall. The 
capsules are sometimes quite thick and observed under the light microscope and may 
be upto 0.24 thick, and is called macro-capsule, while others are quite inconspicuous, 
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not observed under the ordinary light microsope. Sometimes several bacteria may be 
ensheathed by a single covering and the stage is called Zooglea stage. In Leuconostoc 
mesenteroides, it is formed of a thick layer of dextran. 

[b] Chemical composition : The chemical composition is variable, the basic 
components are different types of polysaccharides (dextran, cellulose) linked by 
polypeptides, The glycoprotein layer may be upto 8 layers, though in Bacillus sp., it is 
only of 2 layers. The Streptococcus sp: may have a thin layer of mucoprotein. The 
Xanthomonas campestris has a heteropolysaccharide layer and commonly called the 
Xanthan gum. In Bacillus anthracis, the capsule is formed of a homopolymer of D- 
Glutamine, while in Xanthobacter sp., it is formed of polyglutamine, 

[c] Functions : (i) They act as as a protective layer outside the cell wall. 

(ii) They resist phagocytosis. 

(iii) They give a distinguishable identity to the bacteria, 

(iv) It may store food, water and acts as a nutrient reserve, 

(v) Prevents infection by bacteriophage. 

[2] Cell wall: [a] Structure : Each bacterial cell is surrounded by a rigid structure 
outside the cell membrane. Its thickness varies from 10nm, to 25nm. The cell wall is 
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Fig. 3. Sa: Peptidoglycan structure in bacteria, 
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Fig. 3.5b : Organisation of peptidoglycan layer of Staphylococcus aureus, 1, alanine, 2, 
D-glutamater 3, L-lysine ; 4, D-alanine : G-glycine. 
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elastic, porous and allows solute molecules up to I nm. This cell wall is termed as 
peptidoglycan composed of chains of n-Acetyl Glucosamine (NAG) and n-Acetyl 
Muramic acid (NAM) with cross linkages formed of four amino acids viz. L-alanine, 
D-glutamic acid, Diamino pimelic acid (D. A. P.) and D-alanine in Gram — ve bacteria, 
here the cross bridges are interlinked by pentapeptide of L-glycine. In Gram +ve bacteria, 
the DAP is replaced by L-lysine and the tetrapeptides are directly linked via peptide 
bond. The peptidoglycan bodies located in the envelope of gram - ve bacteria is called 
sphaeroplasts. J 

lb] Chemical composition: The cell wall is composed of carbohydrates, amino- 
sugars, lipids and different types of organic acids. The components are as follows : 

(i) Muco-peptides (Peptide amino sugars) (ii) Mucopolysaccharide (amino sugars) 
(iii) Polyribitateichoic acid (iv) Lipoprotein (lipid and protein) (v) Lipo-polysaccharide 
(lipid and polysaccharide) etc. Gram-positive bacteria contain 40-80% peptidoglycan. 
20-30nm thick with techoic acid (formed of glycerol or ribitol and phosphate). Gram 
= ve bacteria has only 10-20% 
peptidoglycan with additional lipo- 


polysaccharide layer but without notk \ Des aia 
techoic acid. The Archebacterial 3 | Poe 
cell possesses an additional DSN ty ily | pO AM Louse 


pseudomurein layer. Acidfast erik 
bacteria like Mycobacterium has 
mycolic acid in the cell wall. 

le] Functions: (i) It gives 
definite shape, support and rigidity 
to the bacterial cell. (ii) It protects 
the inner cytoplasm. (iii) It prevents 
osmotic breaking down or lysis. (iv) 
It helps the bacterial cell to divide. 

(v) It is a store house of both ~ — > 4 
polysaccharide and protein. (vi) It Fig. 3:6: Sel wal eee m 

acts as a receptor for the phage 

particles: 

[3] Cytoplasmic membrane (Plasma membrane) : [a] Structure : The thin 
membrane, just below the cell wall composed of lipid and protein. It encircles the 
cytoplasm of a bacterial cell. The membrane resembles the lipo protein membrane of 
higher eukaryotic organisms. 
DNA Molecule But actually is slightly 
Plasma Membrane different from it, in having a 
RNA Molecule double layered lipid (8nm. 
cell Wall thick) and embedded protein 
= Protein helping in the transport 
Enzyme Chain system, some sensory proteins 
(Respiratory) | may also be present. There are 
7 7 Some localized invaginations 
Fig. 3.7 : Structure of Escherichia coli (electron microscopic). on the cell membrane called 
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mesosomes. They lack oligosaccharide residue on the outer surface. 
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[b] Chemical composition : It mainly consists of lipid, protein and trace amount of 
carbohydrate, DNA and RNA. There may be some respiratory enzymes located specially 
in the vicinity of the mesosome. Permease is another major enzyme present helping in 
intercellular transport. 

[c] Functions : [i] It is a living membrane which is osmotically active. 

(ii) It forms the mesosome and there by helps in respiration. 

(iii) It helps in the permease mediated specific protein transport. 

(iv) It may help in branching in Streptomyces. 

[C] Cytoplasm : The total content of a bacterial cell surrounded by the cell membrane 
is known as cytoplasm, which may include the cytoplasm proper, and cytoplasmic 
organelles. 

[1] Cytoplasm proper: The colourless, granulated, viscous components like mineral 
salts, amino acids, sugars, vitamins, fats, volutin and cytoplasmic organelles like 
mesosome, chromatophores and ribosomes is known as cytoplasm. It is rich in RNA 
and normally is not attacked by the phage particles. It is less dense at the periphery and 
more dense at the centre. 

[2] Nucleoid : (a) Location : The bacteria being prokaryotic in nature are devoid 
of nuclear membrane and so there is no true nucleus and the dense nuclear material 
present at the centre of the cell is known as nucleoid, which remain within the particular 
part of the cytoplasm called nucleoplasm. It is represented by a single double helical 
DNA. ‘ 

(b) Structure : The RNA remains at the centre which is single stranded and forms 
the central core. The DNA molecules are surrounding it in the form of super coils, 
forming 40-50 loops on the RNA. The 
total length of the DNA may be 110p- 
14004, it is 1300p in E: coli. The DNA 
molecules may alternate with proteins 
in between the inter-loops, but the basic 
histone protein units like eukaryotes are 
not found. The DNA may be an extra- 
nuclear DNA, which is circular and 
most of the time remain attached to the 
cell membrane and they are episomes, 
the free extra nuclear DNA fragments 
are called plasmids. The plasmids are 
of different types like F (fertility) 
plasmids, R (Resistance inducing) 
plasmids, Col (Colicin producing) plasmids, Ti (Tumor inducing) plasmids, degradation 
plasmids etċ. They are of tremendous importance in genetic engineering experiments. 

[c] Functions : (i) Control of all the metabolic activities within the bacterial cell. 

(ii) They help in cell division by amitosis. : 

(iii) The episomes or plasmids have the capability of transmitting genetic characters 
to other bacteria, they are also useful as vectors for transferring genes. 

[3] Cytoplasmic Organelles : They include the mesosome, chromatophore, 
carboxysome, 70S ribosome, vacuole and ergastic matters. 

[a] Mesosome : They are formed by central convolution of the cell membrane and 


DNA Supercoil 


. 


Protein mol 


Fig. 3.8 : Bacterial nucleoid (The genophore). 
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is represented by a tubular or loop-like vesiculated structure. They are formed by the 
invagination of the cell membrane, more ' 
prominent in aerobic gram-positive bacteria and | Cel! Membrane 
contains various respiratory enzymes. 

Functions : (i) They contain enzymes like 
cytochrome-oxidase and help in respiration in 
aerobic bacteria. 

(ii) They may help in cell division specially 
by helping in the formation of the cell 
membrane. 

(iii) They help in the repairing of the cell 
membrane. 

(iv) They always remain close to the 
nucleoid and help in the attachment of the | Cell wall 
nuclear material with the cell membrane. 

[b] Chromatophore : They are flattened, 
discrete, sac-like structures present in photosynthetic bacteria and appearing as rough, 
coloured particles. They contain photosynthetic pigments like chlorophyll a, 
bacteriochlorophyll, carotenoids, along with some photosynthetic enzymes. They are 
also called thyllakoids. 

[c] Caboxysomes : They are intracellular sac-like structures similar to thyllakoids 
containing the Rubisco enzyme (RuBP carboxylase) for carbon dioxide fixation only 
in photosynthetic bacteria. They haye a diameter of 100-150nm. 

[d] Ribosome : They are the ribo-nucleo-protein particles, containing rRNA. They 
have-a diameter of 10 - 30nm. There are two subunits, one smaller 308 and a larger 
50S, constituting a 70S ribosome. The 30S subunit has 21 types of ribosomal proteins, 
while the the 50S subunit has 30 different types of ribosomal proteins, There may be 
upto 10,000 ribosomes present in a single bacterial cell and normally remain free in the 
cytoplasm. 

[e] Vacuole: The vacuoles are filled with gases and termed as pseudo yacuoles or 
gas vacuoles, which normally is found in blue green algae and rarely found in bacteria, 
It gives buoyancy to aquatic species and acts as a screen against intense sunlight. 

[f] Ergastic Matter : The non-living, inclusions of the cytoplasm include the 
polyphosphate bodies or volutin granules also termed as metachromatin granules, 
polysaccharide bodies mainly include glycogen, lipid content increases in low nutrient 
condition and include Polyhydroxybutyrate, sulphur granules in sulphur bacteria or 
iron crystals in iron bacteria. 


Mesosome 


Fig. 3.9: Structure of mesosome. 


3.11. Bacterial Reproduction 


The process of reproduction in Bacteria occurs in the following way : 
Reproduction in Bacteria 


Vegetative Asexual Sexual 


Binary Budding .Endospore Conjugation Transformation Transduction 
fission 
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{A} Vegetative Reproduction : (1) Binary Fission The most common way by 
which the bacteria reproduce itself. 

{a} Definition : /1 is a process by which a single bacterial cell simply divides into 
two in half an hour time The various events of Binary fission are as follows : 

iret ——— {i} The nucleoid gradually 
-Ni become clongated in size und form 
dumbel-shaped structure. 

{ii} They still remain attached to 
the plasma membrane with the help 
of mesosome. 

liti] The duplication of DNA and 
and mesosome takes place und they 

from each other. 

{iv} The daughter mesosomes and 
nucleoids migrate towards the 
opposite poles. 

[v] The plasma membrane 
invaginates at the centre and the 
parent cell is divides into two 


nd del 
ed 


identical daughter cells. 
The total time taken for this 
Fig. 3.10 : Binary fission in bacteria. process is only half un hour, 
[2) Budding : It is a comparatively rare process observed in few bacteria like 


Rhodopseudomonas, UNEEN 

{a} Definition : /t is a process by which the vegetative cell forms a lateral 
protuburance in the form of an outer bulge containing a fragment Wien material 
or nucleoid in it. 

A OOE S PEE EBET noos 
with the parent cell. 

[8] Asexual reproduction: {1) Endospore formation v The production of 
endospore is not always considered to be a means of asexual reproduction, but rather it 
is a mechanism of perennation, when the 
bacterial cell survives during an 
unfavourable condition. 

[a] Definition : The thick walled oval 
or spherical structure that encloses the 
bacterial protoplast during unfavourable 
condition is known as endospore. 

During the formation of an endospore, 
the cell remains intact, but the bacterial 
protoplast shrinks to the centre or in the 
subterminal area of the cell and gets 
enclosed within a three layered wall called 
endosporium. It is followed by another 2 
layered wall and the cell membrane and 
protoplast have shrunk to the extreme 


a 
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centre, The area between the endosporium and the original cell wall remains empty 
and is called exosporium, With the advent of water, that is favourable condition, the 
wall is ruptured and the bacterial cell emerges out. But essentially there is no difference 
in the genetic status between the bacterial cell before endospore formation and that 
emerging from the endospore. So the bacterial cell has just been rejuvenated by the 
formation of endospore, 

gant . es: Brin 

villus, 


Pasteurization + It is à physical process by which any food material is heated 
upto 65-70°C for 30 minutes und cooled rapidly, By this, all the vegetative forms of 
bacteria ure destroyed, but the endospores are alive, which may germinate after 48 
hours and spoil the food material: 
IC] Sexual Reproduction + The process of sexual reproduction normally takes 

place during unfavourable condition, When adequate substrate and water are not available 
in the environment and they are of the following types 

[1] Conjugation : Lederberg and Tatum (1946) first demonstrated conjugation as 
a sexual reproduction in a strain of Esherichia coli. 

la] Definition : / is u physiological process by whith the genetic material is 
transferred from one individual bacteria to the other during sexual reproduction. 


“Transfer of F- factor in female 


ESED 


F (Male) F (Female) 


Pig. 3.12 : Conjugation in bacteria, 

In case of bacteria, there is no sexual dimorphism. They are recognized as H. or 
male ot donor strain and F ot female or recipient strain, The F factor is also called the 
fertility factor or sex factor and is represented by an extra nuclear circular DNA present 
only in male. But as it is lacking in female, they are called F~ strain, 
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[b] Events : The major events during the process of conjugation are as follows : 

[i] Two seperate bacterial cells belonging to opposite strains come close to each 
other. 
[ii] The conjugation bridge is formed between the two cells using the sex pili or F- 


[iii] The F factor replicates in the male. 

liv] The F factor slowly migrates into the female through the conjugation tube and 
an incomplete zygote or merozygote is formed. s 

[v] The presence of E factor in female transforms the F strain to F* strain. 

vi] The product of conjugation is just the genetic recombination product of the two 
strains of cells. 

[vii] The progenies developing from this recombinant product conserve this character 
of the recombinant DNA that has been transferred during conjugation. 

[2] Transformation : This phenomenon was denoted for the first time by Griffith 
in 1928 in the bacteria causing pneumonia in mammals or the Diplococcus pnewnoniae. 
He identified two strains of this bacteria, one was the rough strain or Type IIR without 
capsule, so easily destroyed by the host’s enzyme and hence avirulent in nature, the 
other was capsulated or Type IIS or smooth type, which is protected from the host’s 
enzyme, hence can induce pneumonia in mammals and referred to as virulent strain. 
The virulent strain of bacteria, if kept under high temperature condition (121.6°C) 
becomes harmless and are called heat-killed strain. the heat-killed strain is also unable 
to induce pneumonia in mammals. 
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Fig. 3.13 : Transformation in Pneumococci bacteria. 

[a] Definition : It is a physiological phenomenon by which the incorporation of 
DNA from one bacterium into another results in the development of a new genotype. 
This is also due to genetic recombination. During transformation the cells which are 
ready to take up naked DNA and get transformed are said to be competent cells. 

[b] Demonstration : Griffith did the following experiments. 

[i] The type IIR was injected to the mouse Mouse alive. 
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[ii] The type INS was injected to the mouse Mouse dies of pneumonia. 

[iii] The type IIIS (Heat killed) injected into the mouse = Mouse alive. 

[iv] The type IIR and type IIIS (heat killed) injected into the mouse > Mouse dead 
and virulent IIIS type recovered from the dead body of the mouse. 

Avery, Mcleod and McCarty (1944) explained the transformation principle of 
Griffith and concluded that the DNA from the heat-killed smooth is transferred to the 
type IIR strain and brought about its transformation into the virulent type IIIS strain. 


[3] Transduction ; This process of sexual reproduction was first observed by Zinder 
and Lederberg (1952) in Salmonella typhimurium, 


[a] Definition: It is the process of transfer of DNA fragment from one bacteria into 
the other with the help of a bacteriophage. The process also results in genetic 
reombination. 

[b] Events : . 

[i] The bacteriophage invades a bacterial cell. 

[ii] It utilizes the host’s DNA and pick up those DNA fragments for the synthesis of 
their own DNA. 


a A 
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Fig. 3.14 : Sexual reproduction in Bacteria (Diagrammatic Representation) 
1. Conjugation, 2. Transformation, 3. Transduction. 
[iii] The phage particles (newly synthesized) are released from the dead bacterial 
cell. 
[iv] The DNA fragment of the phage invades another bacteria and its DNA gets 
incorporated into the DNA of the recepient bacterium. 
This principle is similar to the lysogenic phase of viral replication. 


3.12. Life Cycle of Bacteria 


The bacteria do not have any chromosome and neither do they exist in haploid and 
diploid form, so they do not exhibit any alternation of generation between the haploid 
phase and diploid phase. They perpetuate simply by vegetative, asexual and sexual 
means. 

The vegetative reproduction is the major means of perpetuation, which occurs by 
binary fission and budding. The asexual reproduction is more a way of rejuvenation 

* | 
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than that of perpetuation. The sexual means also do not develop a true zygote, it is just 
formation of a merozygote with greater hybrid vigour but by no means marks the 
sporophytic generation. 
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Fig. 3.15 : Life cycle of bacteria (vegetative and sexual cycle). 


The function and chemical composition of Bacterial Cell: 


Name of the Chemical composition 


Component 
Polysaccharide and protein. 


Function 


[1] Capsule or 
glycocalyx : 

[2] Flagella : 

[3] Pili : 

[4] Cell wall: 


Protection and receptor for 
phage particles. 
Locomotion. 

Conjugation. 


Protein fibril. 
Protein called pilin. 
Peptidoglycan, Techoic Acid 
in Gram + ve, 
Peptidoglycan-polysaccharide 
in gram - ve. 

Lipid, and protein enzymes like 
permease. 

Lipid, proteins, respiratory en- 
zymes like cytochrome oxidase 
Lipid, protein, bacterio-chloro- 
phyll and carotenoid pigments. 
t-RNA and protein. 

Gases like methane, nitrous- 
oxide, hydrogen. 


Protection 


[5] Cell membrane: 


Protection and permeability. 


[6] Mesosome : 


Respiration and cell division. 


[7] Chromatophore : Photosynthesis. 


[8] Ribosome : 


Site for protein synthesis. 
[9] Pseudo-vacuole : 


Buoyancy to aquatic species 
and screen against intense 
sunlight. 

Stored food for liberation of 
energy. 


[10] Volutin : Polyphosphate granules 
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The Bacteria are exerting both useful and harmful effects on human being, these 
effects may be direct or indirect. 

© Beneficial aspects of bacteria : Bacteria can be beneficial because it increases 
soil fertility, used in the treatment of sewage and other waste products, help in the 
preservation of food, produces some industrial chemicals as secondary metabolites. 
Some of the beneficial aspects are enlisted below: 

[A] Increase in soil fertility (Agricultural Importance) : Bacteria are capable of 
fixing atmospheric nitrogen, this fixation are of different types. It can be by free living 
bacteria like Clostridium, Azotobacter: Symbiotic nitrogen fixation is most common in 
occurrence, which can be veth legume plants e.g. Rhizobium legwninosarum or 
Pseudomonas radicicola or sometimes may be along with non-leguminous plant like 
Alder with Azospirillum. This activity enriches the soil with nitrogen and helps the 
plant to synthesize protein. 

[B] Bacteria in industry (Commercial Importance) : Bacteria are capable of 
producing various secondary metabolites, which have industrial importance or 
sometimes may be used in our day to day life. The industrial importance of bacteria 
may be as follows : 

[1] Production of various dairy products : There may be different bacteria like 
Lactobacillus and Streptococcus, which are used in the preparation of fermented milk 
products like butter, cheese, curd and ghee. i 

[2] Production of alcoholic beverages : The preparation of different alcoholic 
beverages like wine and beer are done by the fermentation of malt or other plant 
polysaccharide by the acetic acid bacteria (Acetobacter). 

[3] Production of organic acid : Different bacteria may be utilized in the preparation 
of different organic acids, which are as follows : 

(i) Lactic acid: Bacteria like Streptococcus, Lactobacillus are utilized in the 
fermentation of complex carbohydrate to produce lactic acid, which can cause souring 
of milk. 

(ii) Acetic acid : The production of acetic acid (vinegar) are carried out by the 
fermentation activity of Acetobacter acetii. 

(iii) Butyric acid: Fermentation activity of Clostridium butyricum. 

(iv) Propionic acid : By the fermentation of Propionibacterium. 

(v) Minor Organic acids like valeric acid, caproic acid are also produced by the 
fermentation of specific bacteria. 

[4] Production of amino acids : Production of amino acids like lysine is carried 
out by the fermentation activity of the bacteria Corynebacterium glutamicum. 

[5] Production of Inorganic acid : Different inorganic acids like sulphuric acid 
are produced by the oxidation of elemental sulphur and H,S by the sulphur bacteria 
Thiobacillus, Nitric acid are produced by oxidation of nitrogen by nitrifying bacteria. 

[6] Retting of fibres: Retting is actually decomposition activity of certain micro- 
organisms, which helps in the seperation of plant fibres in jute, flax, hemp etc. These 
bacteria (e.g. Clostridium) grow under low O, content causing hydrolysis of the pectic 
substances that bind the fibres with the main stem. These fibres are commonly used in 
the manufacturing of ropes, canvas, carpets and other products. 
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[7] Curing and fermentation of tea and tobacco: The bacteria like Bacillus 
megatherium and Micrococcus, candisans are used in the curing and fermentation of 
tea and tobacco leaves, which is a part of their industrial processing. 

[8] Tanning of leather and sponges : The process of tanning of leather and 
processing of sponges is carried out with the help of enzyme protease produced from 
the bacterium Bacillus subtilis. 

[9] In paper and textile industry :The bacteria Bacillus subtilis with the help of 
enzyme amylase help in the processing of textile and paper. 

[10] In rubber and polymer industry : The bacteria Aerobacter is used in the 

manufacturing of synthetic rubber and various other polymers. 

[11] Processing of coffee and cocoa seeds : The commercial processing of coffee 
and cocoa seeds are done by bacteria like Erwinia and Bacillus. 

[12] Production of gum and other allied products : The Xantham gum obtained 
from Xanthomonas campestris is actually an extracellular polysaccharide used as a 
gelling agent and also as an inhibitor for crystallization. i 

[13] Production of plastic : The plastic called Biopol is actually a derivative of 
Phenyl-hydroxy-butyrate obtained from Alcaligenes eutrophus. The production of. poly 
hydroxy alkanoate by Chromobacterium violaceum is commercially harnessed in Brazil. 

[C]"Bacteria in medicines : Bacteria play an important role in the manufacturing 
of life saving medicines like antibiotits, vitamins, enzymes, screening of carcinogen 
etc. 

[1] Antibiotic production : Antibiotic comes from the word Anti-biosis meaning 
against life. Itis actually secondary metabolites produced by one living organism harmful 
for another living organism. The first antibiotic Penicillin was reported from a fungi 
Penicillium notatum, but the bacteria and actinomycetes also have the capability to 
produce huge number of antibiotic compounds and they are as follows: o 


Name of the Organism 


1. Gramicidin, Brevin Bacillus brevis. 

2. Subtilin, Bacillin Bacillus subtilis. 

3. Bacitracin, Licheniformin | Bacillus licheniformis. 
4. Streptomycin 

5. Neomycin 

6. Chloramphenicol 
7. Terramycin 
8. Erythromycin 


Name of the Antibiotic 


Actinomycetes 


Streptomyces griseus; 
Strepomyces fradiae. 
S. venezualae. 

S. ritmosus. 

S. erythreus. 


*In 2005 an Actinobacterium strain has been isolated the lothal Island of Sundarbans, 
which produces an antibiotic, potent against multi-drug resistant strains of bacteria. 
[2] Enzyme production : The enzymes like amylase, protease obtained from bacteria 
like Bacillus subtilis and Streptococus have industrial importance. Moreover the bacteria 
like Micrococcus residing in the stomach of cattles and horses help in the digestion of 
cellulose food with the help of enzyme cellulose. 
[3] Vitamin production : B vitamins are commonly produced in the intestine of 
human beings by Lactobacillus. Vitamin B is also produced by fermentation of 
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polysaccharides by Clostridium acetohutiliciim. Piödučtión of Vitamin K by 
Streptococcus hemolyticus and vitamin C i is obtained from Glucanobacter suboxydans. 
[4] Dextran production : The synthetic cellulose or dextran is produced by 
Leuconastoc mesenteroides, which is used in incr easing the blood volume under shock. 
[5] Screening of carcinogen : The agents responsible for inducing cancer are calléd 
carcinogens and they can be identified by testing on bacteria like Salmonella. 


[D] Bacteria and research : Bacteria is of great import tance aş a tool in the 
biotechnology research, they exhibit transformation and transduction and also contain 
extra nuclear DNA (Plasmid), Which is being utilized in the transfer of the desired 
DNA segment from one organism to other. These types of genetic manipulation is 
important in the creation of transgenic organisms. 


. 

[E] In sewage treatment: There are various types of domestie and industrial wastes, 
which need microbial decomposition or mineralization (putrefaction) before their final 
disposal, in order to render them harmless and recover various inorgani¢ elements like 
carbon, hydrogen, needed for the plant nutrition. They are also useful in the secondary 
treatment of water before it is recycled. The process of bacterial decomposition may be 
either aerobic or anaerobic in nature. The bacteria like Escherichia, Pseudomonas, 
Enterobacter are used in aerobic sewage treatment in trickling filters, while Clostr idium 


is used in anaerobic sewage treatment processes. 2 


[F] In pest and mosquito control (Biological control): The bacteria like Bacillus 
thuringiensis produces a toxin called B.t. toxin, which is toxic to several insect larvae, 
some of which are common pests to crop plants. Similarly the endotoxin produced by 
Bacillus sphaericus and Clostridium bifermentans destroys the mosquito larvae. These 
are referred to as biopestieide. THE genes responsible for the production ‘Of B. t. toxin 
is identified and if it is transferred to the crop plant with the help of a suitable plasmid, 
the plants automatically becomes resistant to the specific insect pests without the 
application of any, chemical pesticide. 

[G] In decomposition of chemical herbicide, pesticide and insecticide. : The 
chemical herbicides or pesticides are sprayed on crop plants to combat various diseases. 
These chemicals go into the soil and remain there for years together causing residual 
toxicity to different animals including human beings and this may be referred to as the 
food chain effect. Bacteria like Corynebacterium, Flavobacterium decompose 2, 4-D, 
while DDT is being decomposed by Aerobacter aerogenes, 


[H] Preparation of silage : Grasses are important fodder for cattles and horses and 
they are protected from being decomposed by the bacteria Lactobacillus. 

[I] Preparation of Single Cell Protein (S. C. P): The bacteria, Eschérichia coli are 
capable of synthesizing protein, but if the gene responsible for this is transferred to a 
bacteria Methylophilus methylotrophus, then protein synthesis is at its best and the 
protein rich cells are useful source of dietary proteins, referred to as single cell wl 
(S.C.P). fond 

[J] Bio-mining : Bacteria are useful in separating metallic ores from their complex 
ores, which is called bio-mining. Bacteria like Thiobacillus, Sulfobus are useful in 
leaching of metals like copper and iron from their sulphide ores like Chalcopyrites 
(CuFeS,) and Iron Pyrites (FeS,). 
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[K] As biological washing powder :The compound Subtilixin obtained from 
Bacillus licheniformis is used as a washing agent, which is stable at all pH and even 
can work in presence of calcium ion. i 

© Harmful aspects of bacteria : Inspite of various beneficial activities, bacteria 
are also harmful in different ways and they are as follows: nir 

[A] Induction of Diseases: The bacteria are responsible for inducing several 


diseases in human, animals and plants. 
II] Plant Diseases of Bacteria : 


Name of the bacteria 
[1] Xanthomonas citri. 

[2] Pseudomonas solanacearum. 
[3] Agrobacterium tumefaciens 
LA Xanthomonas oryzae. 

[5] Xanthomonas rubrilineans, 
[6] Corynebacteium tritici. 
[7] Xanthomonas phaseoli. 


III Animal Diseases of Bacteria : 


Name of the bacteria 


[1] Bacillus anthracis. 
[2] Leptospira interrogans. 
[3] Coxiella burnetti. 


Name of the disease 


Citrous cankar, 
Wilt disease of potato. 

Crown gall tumor of potato. 
Bacterial leaf blight of rice. 
Bacterial red rot of sugarcane. 
Bacterial ear rot of wheat, 
Bacterial blight of beans. 


Name of the disease 
Anthrax disease of cattles, horses. 
Leptospirosis of dog. 

Fever of birds, 


III Bacterial Diseases of Human and their remedies : 


Class of bacteria 


Name of the Diseases of man | Drugs/Antibiotics 
bacteria 5 


[i] Gram-positive | [1] Staphylococcus | Abscesses, Cephalosporin 
Cocci : aureus. Septicimia. 
[2] Streptococcus Fever. Penicillin. 


pneumoniae: 


[ii] Gram-negative 


[1] Neisseria 
gonorrhoeae. 
[2] N. meningitidis. 


diptherae. 


[4] Corynebacterium| Diptheria. 


pyogenes. 

[3] Streptococcus Endocarditis. Penicillin, Ampicillin. 
viridens, 

[4] Streptococcus Pneumonia. Meropenem. 


Gonorrhea. Ceftriaxone. 


Meningitis. 


liii] Gram-positive} [1] Clostridium Tetanus. Ofloxacin 
Bacilli : tetanae, 
[2] C. perfringens, | Gas gangrene. Ciprofloxacin 
[3] C. difficile. Colitis. Metronidazole. 


Erythromycin, 
Roxythromycin: 


Class of bacteria 


Bacilli 


liv] Gram-negativ 
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[1] Bacteroides 
fragilis. 
[2] Bordetella 
pertussis. 
[3] Borallia 
burgdorfi. 
[4] Brucella sp. 


(6] Francisella 
tularensis. 
[7] Haemophilus 
influenzae. 
[8] Klebsiella 
pneumoniae, 
[9] Legionella sp. 
[10] Leptospira 
bucallis 
[11] Proteus 
mirabilis, 
[12] Pseudomonas 
aeruginosa, 
[13] Salmonella 
typhi 
{14] Salmonella 
enteritidis. 
[15] Shigella sp. 


[16] Treponema 


aerium intr- 
acellulare. 


tuberculosis 


[3] M. leprae. 


Name of the Diseases of man 
bacteria 


[5] Escherichia coli, 


[18] Yersinia pestis. 


[1] Mycobacterium 


[2] Mycobacterium 


Drugs/Antibiotics 
used 


Wound infection. | Metronidazole. 


Whooping cough. | Erythromyein. 


Lyme disease, Tetracycline 


Brucellosis: 
UTA. 

(Urinary tract 
Infection). 
Tularamia. 


Tetracycline. 
Cotrimexazole, 
(Sulfamethoxazole 
and Trimethoprim) 
Streptomycin. 


Meningitis, 
Pneumonia. 
UTL 


Cephalosporin, 
Amoxycillin 
Co-trimexazole, 
Cephalosporin. 
Erythromycin. 
Penicillin, 


Legionaires. 
Mouth infection 


U.T.I. Co-trimexazole. 


U.T.I. Corbenicillin. 


‘Typhoid 


Fluoroquinoline. 


Gastro-Intestinal | Amoxycillin, 
infection. 
Bacillary 
dysentery 


Syphilis. 


Fluoroquinoline. 


Cefpodoxime 


Cholera. 
Plague. 


Tetracycline. 
Ethambutal, 
Rifamyein 
No particular drug. 
pneumonia. 


AIDS related 


Ethambutol, Isoniazid, 
and Rifamycin. 
(Pseudoturb has 
discovered recently) 
Dapsone with 
Rifamycin. 


Tuberculosis 


Leprosy 


102 A TEXT BOOK OF BIOLOGY 


Name of the Diseases of man 
bacteria 


[1] Actinomyces Actinomycetes 
israelii 


Drugs/Antibiotics 


Class of bacteria 
used 


[vi] Other species Amoxyeillin 
closely related 


to bacteria 


[2] Chlamydia 
trachomatis. 
131 Mycoplasma 
pneumoniae. 
[4] Nocardia sp. 
[S] Rickattsia sp. 


Tetracycline. 


s Trachoma. 


Pneumonia. Tetracycline. 


Sulfonamides. 
Tetracycline. 


Nocardiosis, 
Typhus. 


[B] Spoilage of food : The saprophytic bacteria grow in the common food substances 
and they release toxic substances 4nd render the food poisonous. They also cause 
decomposition of foodstuffs and make them unfit for human consumption. These causes 
cases of food poisoning, which may cause serious illness or sometimes even death may 
result at the end. Some bacteria causing food poisoning are enlisted below: 


Foodstuff spoiled - 


[1] Staphylococcius sp. [1] Milk, cream, cheese. 

[2] Bacillus subtilis Sp. 2] Bread., ° 

[3] Clostridium sp. ; Pseudomonas sp.| [3] Meat. 0 

[4] Pseudomonas sp. [4] Fish, egg. 

[5] Micrococcus sp. [5] Fruits and vegetables. 

[6] Enterobacter sp. . [6] Syrup. 

[7] Salmonella sp. ; [7].Drinking water and inadequately cooked 
. food. i 

ls] Any type of cooked food, produces the 

exotoxin called Botulin which induces 

paralysis and nervous disorders in man 

called Botulism. 


Name of the bacteria 


B] Clostridium botulinum sp: 


[C] Reduction in soil fertility ; There are some bacteria, which have the capability 
of de-nitrification, which include the Thiobacillus, Pseudomonas, Micrococcus, They 
break down soil nitrate and release atmospheric nitrogen by the process of de-nitrification 
and thus reduce the soil fertility. i 


[D] Induction of pollution : Heavy metals like mercury are released into the water 
bodies along with industrial effluents. The metal mercury is converted to methylmercury 
by bacteria like Clostridium and ; is easily taken up by other animals like fishes, The 
consumption of these mercury contaminated fishes cause serious nervous disorder. in 
man. One such disease was the Minamata disease in man caused by consumption of 
mercury-contaminated fishes in the Minamata Bay of Japan. 


[E] Damaging of paper gnd cotton : The paper and cotton textiles are basically 
formed of cellulosic material. Some Bacilli are responsible for degradation of cellulose 
of paper and cotton causing discolouration, staining or even complete destruction. 

[F] In biological warfare :The strains of bacteria have been developèd. which are 
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more virulent towards crop plants and to human beings and if they are released in the 
environment, they will cause total destruction of the crop plants and may cause mass 
killing of human beings, which can be utilized in biological warfares e.g. Anthrax 
causing Bacillus anthracis, SARS virus etc. 

[G] Bioluminescence in bacteria : Some bacteria like the Photobacterium, 
Pseudomonas are called luminous bacteria because they have a unique greenish-yellow 
pigment, which gets oxidised impresence of molecular oxygen and emits light. They 
mostly remain on the surface of sea water or even on the surface of marine animals, 
thus these are easily located by the poachers and get killed. 


3.14.. Important Differences 
[A] Bacterial Cytoplasm and Cytoplasm of higher organisms : 


Bacterial cytoplasm 


[1] The unit membrane-bound | [1] Unit membrane bound 


Cyoplasm of higher 
organism 


Points of Differences 


[1] Advahced 


organelles organelles like mitochon- like mitochondria, E. R., 
i dria, E. R., plastids absent. |, Golgi body present, 
[2] Movement [2] The cytoplasm does exhi- [2] Cytoplasm exhibits 


streaming movement and 

also amoeboid movement in 

some cases. 

[3] Mesosome absent, 

respiration occurs in 

mitochondria. 

[4] The nucleus is demarca- 
ted from the rest of the 
cytoplasm by a well 

differentiated nuclear 

membrane. 


bit streaming or amoeboid 
movement. 


[3] Mesosome [3] Mesosome is the major 

0 respiratory organ. 
[4] Nuclear membrane [4] The nucleus is not demar- 
cated by the nuclear mem- 
brane. 


[B] Bacterial cell and Plant cell : 


Bacterial cell Plant cell 


[1] The cell wall is non-cellulo-| [1] The cell wall is cellulo- 
sic mucopeptide called sic in nature consisting of 
peptidoglycan, middle lamella, primary 

wall and secondary wall. 

[2] Cell membrane is well 

differentiated, sometimes 

trilaminar in nature. 

[3] The nucleus is well 

developed with nuclear 

membrane, nucleolus, 
nuclear reticulum. 


Points of Differences 
[1] Cell wall 


[2] The cell membrane is lipo- 
protein, but not well differ- 
entiated. 

[3] The nucleus is devoid of 
nuclear membrane, nuclear 
reticulum, nucleolus and is 
called nucleoid. ` 


[2} Cell membrane 


[3] Nucleus 
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Bacterial cell 


[4] The unit membrane-bound 
cell organelles like plastids, 
mitochondria absent and 

its function taken up the 
chromatophore and meso- 
some. 

[5] The pigments of photosyn- 
thesis include bacteriochlo- 
rophyll, carotenoid. 


Points of Differences 
[4] Cell organelles 


[5] Pigments 


[6] Ribosome [6] Ribosomes are 70S in 
nature with two subunits of 
50S and 30S. 

[7] Represented by single 
circular DNA, non-comple- 
xed with histone protein. 

[8] Cell division by amitosis 
without spindle formation. 


[7] Genetic material 


[8] Cell division 


[C] Bacterial cell and Animal cell : 


Bacterial cell 


[1] The bacteria may have 
flagella which is typically 
prokaryotic in nature. 

[2] The cell wall is formed of 
peptidoglycan and lipo- 
polysaccharide layer. 

[3] The cell membrane is not 
thin, lacking oligosaccharide. 
[4] Unit membrane-bound or- 
ganelles are absent. 


Points of Differences 


[1] Cellular 
` projections 


[2] Cell wall 


[3] Cell membrane 


[4] Cell organelle 


[5] Genetic material [5] It is represented by simple 
circular DNA, non-complexed 


with histone. 


[6] Cell division [6] Cell divides by amitosis 
without any spindle forma- 


tion. 


rays of centrosome. 


Plant cell 


[4] All unit membrane- 
bound organelles 

like plastid, mitochondria, 
E.R., dictyosome present. 


[5] The chlorophyll a, b. c, 
d and e present, carotene 
and -xanthophyll also 
present. 

[6] Ribosomes are 80S in 


nature with two subunits of 


608 and 408. 
[7] DNA and RNA present 
with histone protein aggre- 
gated to form chromosomes 
[8] Cell divides by mitosis 
or meiosis and spindle’ 

formation is observed. 


Animal cell 


[1] The animal cell may 
have cilia with (9+2) 
microtubular arrangement. 
[2] The cell wall is absent. 


[3] The cell membrane is 
thicker with oligosaccharide. 
[4] Unit membrane-bound 
organelles like mitochondria: 
Golgi body. E.R: present. 
[5] The nuclear reticulum 
divides to form the nucleo- 
protein particles called 
chromosomes, where DNA 
and protein remain in the 
form of nucleosome. 

[6] Cell divides by mitosis 
and meiosis, spindle fibres 
are formed form the astral 
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Points of Differences Bacterial cell 
[7] Sexual 


reproduction 


[7] The sexual reproduction 
occurs by conjugation, 
transformation and trans- 
duction and the product is 
a partial zygote or a mero- 
zygote. 


[D] Bacterial cell and Virus : 
Points of Differences 


[1] Nature [1] They are living organisms. 


[2] Cell wall [2] Cell wall present, com- 


posed of mucopeptide. 


(3}'Cell membrane present, 
lipo proteinaceous in nature. 
[4] Cell organelles like meso- 
somes, ribosomes, chroma- 
tophores present. 

[5] The nucleoid is formed 
of simple circular. DNA, 
though extranuclear DNA 

or RNA is present. 

[6] They may. survive as 
parasite, saprophyte, sym- 
biont or autophytes. 

[7] Can be grown in artificial 
culture media. 

[8] Reproduces by vegetative, 
asexual or sexual means. 


[3] Cell membrane 


[4] Cell organelles 


S] Nucleus 


[6] Nutritional types 


[7] Culture 


[8] Reproduction 


[9] Grows parasitically on 
plants, animals and human, 


[9] Host 


Bacterial cell 


Animal cell 
[7] The sexual reproduction 
occurs by oogamy and the 
product of sexual reproduc- 
tion is a true zygote. 


[1] They behave as living 
organism within the host, 
while outside the host's 
body, they are non-living in 
nature, hence considered as 
intermediate between living 
and non-living. 

[2] Cell wall absent and its 
position is taken up by 
capsid formed of protein 
monomers. 

[3] Cell membrane absent. 


[4] Cell organelles absent. 


[5] The nucleoid consists of 
either DNA or RNA, but 
there is no extra nuclear 
DNA/RNA. 

[6] They are always obliga- 
tory parasitic in nature. 


[7] Cannot be grown in arti- 
ficial culture media. 

[8], Does not have the true 
mode of reproduction, 
exhibits lytic or lysogenic 
phase. 

[9] Grows parasitically on 
bacteria, plants, animals 
and human. 


106 


A TEXT BOOK OF BIOLOGY 
. 


3.15. Matters to Recollect 


aN aR; 


3 


RAF FR AG 3278858 AA 3225 


Bacteria are prokaryotic organisms. 

The major plant characteristics of bacteria are > (i) presence of cell wally (ii) 
Absorption by diffusion, (iii) Presence of chlorophyll. 

‘The cell wall is formed of peptidoglycan und lipo-polysaccharide layers. 

It can be classified as psychrophilic, mesophilic, thermophilic and thermoduric 
on the basis of temperature tolerance.” * 

On the basis of cell wall, bactgria can be classified as Gram- -positive, which retains 
Gram stain and Gram-negative which does not retain’ Gram stain and i$ Stained 
with counter stain, „tarts Jon AAA ty. i 
The flagella possess a single microtubular structure, | 3 

Pili are minute projections helping i in conjugation. 

Fimbriac are small projections helping in attachment of cells. 

The photosynthetic pigment is represented by bacteriochlorophy!l, which is prevent 
within thyllakoid-like chromatophore, 

Respiration occurs within mesosomes. 5 

Protein synthesis occurs Within the 70S ribosomes, which are subdivided into 
50S and 30S subunits. lat Hs 

The vacuoles, if present, are filled with gases and are nde as pseudo - vacuoles. 
The nucleoid consists of simple, circular DNA, non-complexed with histone. 
Extra-nuclear DNA may be present in the form of plasmids or episomes. 

They reproduce by vegetative, asexual and sexual means. 
Vegetative reproduction takes place by binary fission and budding. 

Asexual reproduction by endospore formation, >; toanyro If, 
Sexual reproduction occurs by conjugation, transformation and . 
The smullest bacteria-like organism is * ani ‘but the smallest bacterium i is 
Dialister pneumosintes. al wu tè 1s, 
‘The largest bacterium is Epulopiscium Jfishelsoni: 

Staphylococcus aureus is a er while Salmonella is u Grum- 
negative bacterium®™ 

Majority of bacteria are parasitic in nature e.g. Vibrio bine ue D hse 

The saprophytic bacteria like een Nitrobacter help in recycling of 
clement like N, 

cuhneb dfb, is an aerobic bacterium. 

Chlorobium und Rhodospirillum are anaerobic bacteria. 

Azotobacter and Clostridium ate free-living nitrogen-fixing bactéria! while 
Rhizobium is a symbiotic nitrogen-fixing bacteria * in the root nodules of 
leguminous plants. Í 

Bacteria are important for the production of edici: | organic acids, vitamins, 
dextran and also for igs fermentation activity in the food industry. 

Bacteria cause in- -numerable number of diseases to plants, animals and human 
beings. 
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Bacteria are minute, unicellular prokaryotic organisms containing a primitive 
type of nucleus without nuclear membrane, A slimy layer, a cell wall formed of 
mucopeptide and a lipoprotein cell membrane present, There, may be some 
cytoplasmic projections like flagella, pili and fimbriae, On the basis of the presence 
of flagella, bacteria can be classified as atrichous. monotrichaus. lophotrichous, 
amphitrichous and peritrichous. The cytoplasm may contain organelles, 705 
ribosomes and ergastic substances, The nucleoid or genophore is represented by a 
simple circular, DNA, non-complexed with histone. Bacteria can be classified as 
Gram positive and Gram-negative on the basis of presence or absence of 
peptidoglycan cell wall, They can be classified as bacilli or rod shaped, gocci or 
round, comma s and spirillum or spiral on the basis of their shapes, They.can 
be classified qn the basis of their nutrition as autotrophic and heterotrophic ; 
autotrophic bacteria. may be further classified as photosynthetic and chempsynthetic 
and heterophic bacteria may be classified as saprophytic, parasitic and symbiotic 
bactéria, The bacteria reproduces vegetatively by budding and binary fission, The 
asexual reproduction occurs by endospore formations sexuak reproduction oc 

by conjugation, transformation and transduction, Bacteria haye many harmful 
aspects. which inclide several infectious diseases in plants, animals and human. 
Bacteria are also useful in different industrial purposes and also 8 tool 
in genetic engineering experiments. Primitive bacteria or Archea like’Methinosomes 
help in understanding the basis of origin of life in this Earth and their fossil traces 
are called molecular fossils. 2 : sarpe» j 


3.17. Naming/Discovery/biscoverer = on BiLA A aA 
[1] Athgnasius Kircher (1658) first observed the plague l 
12 Antony Von Leeuwenhoek (1683) gave detailed on of Bacteria ahd 
called them little animalcules. : 
[3] C. G. Ehrenberg (1 i Wee 
al E. J, Cohn (1854) Bj gt Ar R 
[5] Robert Koch (1876) discovered the bacteria for anthrax, cholera, and 
tuberculosis. è lin liyo heivata V hmo y ETSL AT] 
a le Louis, Pasteur (1878) de ibed the role of bacteria in fermentation, 9; 
[7] Sadillot (1878) inclu bacteria under microbes. 
[8] Neisser (1879) discoyered, Gon 7 j ch, ahang de eb sli pate? 
bel Ogoston (1881) discovered Staphylococcus... sjisgut i ts 
Hol Doemer (1884) discovered the, bacillus for Dipthena. e 
[11] Nicolaier (1884) discovered the bacillus for Ietanus. i 
[12] Christian Gram (1884) discovered the method of staining bacteria, and@he 
method was called Gram staining. Nae 


iz] Fraenkel (1886) discovered Pneumococci. 


[14] Haeckel (1894) a N 
[15] Schauddin and ander 1905) Mee pe Causing syphillis 


„nn 


in mun. — i a ? f 
[16] Albert°Calmette (1924) discovered the BCG vaccine. 
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[17] Frederick Griffith (1928) discovered the transformation principle in 
Pneumococei bacteria. 
[18] Stanier and Van Neil (1941) considered bacteria under division Monera. 
119] Zinder and Lederberg (1952) denoted the presence of transduction as a method 
of sexual reproduction in bacteria. 
120] Wedberg (1954) denoted that 5 million bacteria weighs only | mg. 
[21] Cairus (1963) showed that the DNA of bacteria like E. coli ig simple circular 
in nature. 
[22] Abran and Koffer (1964) denoted the molecular weight of the protein called 
flagellin present in the flagella of bacteria and denoted it as 40000 dalton. 
[23] Marry (1968) placed bacteria in prokaryots. 
124] Chempness (1971) made the X-Ray diffraction analysis of bacteria. 
251 Costerton (1974) gave the ultra-structure bf cell membrane of bacteria, which 
consists of three layers, two electron densé and one transparent. 
[26] Peberdy (1980) described the structure and function of meososome, structure 
of peptidoglycan and also suid that the size of Cocci r: s between 0.5 and 15 p. 


3.18. Answers to Some Special Questions 

{1] What is episome ? 

Ans. Accessory DNA in a bacterial cell which remains attached to the nucleoid. ` 

[2] What is plasmid ? 

Ans. A circular, autonomous, self-replicating extranuclear DNA of a bacterial cell 
helping in the transfer of genetic information is known as plasmid. 

[3] What is periplasm ? 

Ans. A jelly-like homogeneous layer formed between the cell wall and plasma 
membrane of bacteria. 

[4] What is sarcinae ? 

Ans, An aggregation of cocci forming a cube-like Structure in three-dimension is 
called sarcinae. 

[5] What are the bacterial Photosynthetic pigments ? 

Ans. The photosynthetic pigments of bacteria are chlorobium chlorophyti, 
bacterioviridin. 

[6] What are the two components of bacterial cell wall ? 

Ans. The two components of bacterial cell wall are n- Acetyl Glucosamine and n- 
Acetyl Muramic acid, 

[7] What are the different parts of bacterial flagella ? 

Ans, Bacterial flagella have a basal body composed of 1-2 pairs of rings in Gram 
e and Gram — ve bacteria, a short hook shaped stalk called axoneme and long shaft 
composed of flagellin. 

[8] What are spinae ? 

Ans. Small tubular bodies attached externally to the cell wall of gram-positive 
bacteria helping it to adjust to the external environment are called spinae. 

[9] What is the nature of the cell membrane in bacteria ? 

Ans. The cell membrane of bacteria is lipoprotein’ in nature and is composed of 
three layers, two electron dense and one electron transparent layer. 
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[10] Name a tumor inducing bacteria, 

Ans. The bacteria called A \grobacterium tumefaciens induces the crown gall tumor 
of potato. 

[11] Name a bacteria involved in bio-tnining. 

Ans, Ferrobacillus helps in leaching of iron from its carbonate ore. 

[12] What is zooglia ? 

Ans, An aggregate of saprophytic bacteria enclosed within a common sheath is 
called zooglia. 

[13] Name a toxin-producing bacteria. 

Ans. Clostridium botulinum producing botulin toxin. 

[14] Name a disease induced by spirochaete. 

Ans. Syphillis induced by Treponema pallidum. 

[15] What are the storage fued of bacteria ? 

Ans. It includes the polyphosphate bodies, glycogen residues, lipid and oil droplets 


ete. 


[16] Name two Gram-positive and two Gram-negative bacteria. 
Ans. Gram-positive : Lactobacillus lactis, Diplococcus pneumoniae. 


Gram-negative $ Salmonella typhi, Xanthomonas citri. 


kij De a ee EXERCISE Mis ks Re Oe a Oa a ee a a 


A long Answer type: 
[1] ‘Why bacterium is called a plant? Describe with the help of labelled sketches, the modes ol 


121 


131 


[4] 
15] 


[6] 
17] 


181 
19} 


[10] 
111¹¹ 
(12) 
(13) 


reproduction in bacteria. Describe the role of bacteria in increas! ag the fertility of the soil. 
(Ans, 3.7, 3.11, 3.13) 
What is bacteria ? With the help of a neat sketch, describe the different parts of bacteria, Name 
any two bacteria which cause human diseases. Name one beneficial use of bacteria. 
(Ans. 3.3, 3.10, 3.13) 
What is a bacteria ? With the help of labelled sketches describe the modes of reproduction 
found in bacteria. Name any two bacteria, of which one is heterotrophic and the other is 


autotrophic, 
(Ans. 3.3, 3.11, 3.7) 
Is there any sexuality in bacteria ? Describe briefly some useful and some dangerous bacteria. 
IJ. E. E. 1982] (Ans. 3.11) 
Why bacteria are regarded as plants 2 What is meant by nitrification, nitrogen fixation and 
denitrification ? Name the bacteria responsible for these phenomena. 


Discuss the importance of bacteria in relation to the increase of soil fertility. 
State the differences between the nuclei of bacteria and yeast. Name a beneficial virus 990 


bacteria. What is coccus ? Write two plant characters of bacteria. 
IJ. E. E. 1995}(Ans. 3.14, 3.13. 3.7, 3.1) 


Mention the role of bacteria, in increasing soil fertility. [J.E.E. 1997] (Ans. 3,13.) 
Describe the bacterial cell wall and cell membrane. What are the functions of mesosome and 
pseudo-vacuole. (Ans. 3.10.) 
State the useful and harmful roles of bacteria. (Ans. 3.13.) 
How bacteria is classified on the basis of flagella and cell wall? Give examples. (Ans. 3.7) 
Comment on the nitrification types of bacteria with examples. (Ans. 3.7) 
Give the general classification of bacteria. (Ans. 3.7) 


oB. Short Answer type: 


By 


Why bacteria are called prokaryotes ? (Ans. 3.5) 
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[2] Why bacteria are regarded as plants ? Lah lond eee WINA 6 we? (Nisl 3.5) 
[3] How many types of bacteria are there, depending aa stapes P15 note (Ans, 3.7) 
[4] What do you mean by nitrifying and denitrifying bacteria ? (Ans, 3,7) 


[5] What do you mean by Gram-positive 1 Slik: me iE, 1992) (Ans, 3.13) 


16) Mention the characteristics of bacterial Sol 
Dl What is mešosome ?:? (Ans, 3.10) 
[8] What is genophore ? © pilgos zi- A 0 


[9] Write he definition obacteria. Mention 3;harmful arid 3 beneficial bacteria: (Aris. 33. 3. 13) 
{10] State the importances of virus and bacteria, (Ans. 3.13) 
[11] What is a merozygote ? . e, es 1 11) 
0, Very Short Answer type: 


[1] Name two nitrogen fixing bacteria, — r 5 584% 
[2] Name the — pa Wen 1 * 3.4 


[3] Which one is the smallest bacterium ?:: 4 ＋ m M i ns. 3.6) 
[4] Name the largest bacterium, Y nivara Va e sgean si) ne Ams. 3.0 
Is] Name one nitrifying and one denitrifying bacterian un. (Ans. 3.13) 
{6] Name two bacteria used as bioſettilizet. (Ans, 3.13) 
8 Eo 1 85 * e b h te „ iliseA- . 1 AREER 
lol Name one syinibidtie bacterin. ; eee 2 3.13) 
[10] Who first discovered bucteria Fee de:; eee dens. 3.13) 
[11] Name one intestinal bacterium. (Ans. 3.13) 


11 Name du plant dis cases and ννH nu diseases produaingibaageriays eet S e eel ms sm 
125 E. 1990 (Ane us. 3. 14) 
[13] Name the causal organism of food poisoning, syphiflis, plague, typhoi tetanus. What is Gram 
= Ve bacteria, E. E. 1994) (Ans. 3.13) 
(14) Name the causal Organism of plague, tetanus, typhoid fever, cholera, tuberculosis. 
998 12 1990 (Ans. 3.13) 
1181 Name two components of bacterial cell wall, not present in plant cell wall. 
[J.E.E. 1996] (Ans. 3.13) 


e. Write Short Notes on : i 9 1 Y oka 
(1] Harmful bacteria. f i 1 ” 55 3150 
[2] Binary fission. (Ans. 3.11) 
43] Budding. ; (Ans. 3.11) 
[4] Genophore. r A 7 * (Ans. 3,10) 
A pene EN ER evs 
ili. H . ý (Ans. 3.10) 
[7] Fimbriae. e 1 (Ans. 3.10) 
1 Tanne 1 è (Ans. 3.11) 
uction. , Ans. 3,11) 
[10] Cell wall, : 755 3.10) 
111 Beneficial bacteria, (Ans. 3.10) 
na eee 4% een sass (Aus. 3. 10) 
some, Ans. 3.10) 
[14] Mineral nutrition 1 Of bacteria. i me ; (i 45 

ok. Distinguish between : . ghee 

i Gram-positive and Gram-negative bacteria., + } walt (Ans. 3.7) 
{2} Amphitrichous and Peritrichous bacteria.. s An enia un (Ans. 3.7) 
131 — and Chempauguoghie baie uin oath no (Ans. 3.7) 
{4} -Coccus and Bacillus. P (Ans. 3.7) 
enen ns, 3.40% 
l Episome and Mesosome, cheng belle dnn nisin! (A. 340) 


{7] A Bacterium and a Virus. y ~ (Ans, 3.14) 


(Ans. 3.10), 


BACTERIA 111 


[8] ‘Transduction and Transformation, (Aus. 3.11) 

19] Animal cell and Transformation. (Ans. 3.14) 
{10)-Nucleus unc Nucl, = (AWS. 9-14) 
. Multiple choice type: x 


[1] Bacteria caused diseases are—Encephalitis/Dysentry/Plag phoid. 
(21 papai ant ts e ignorat ) 
[3] Flagellate-biacteria are called—Bacillus/Spirillun/Cocci. 
[4] The genetic material of bacteria is—ribosome/genophore/lysosome/mesosome, i 
Is] Virus-mediated sexual reproductive method of bacteria is—tansduction/transtormation/ 
conjugation. 
16] Bacterial disease of human being is—Herpes/Plague/Polio/Rabies. 
17] The smallestorganism is—Actinomycetes/Bacteria/Myeoplasma. 
[8] Bacteria reproduce vegetatively by—fragmentation/binary fission/zoospores. ° 


6. Fill up the blanks : 
[1] Flagellated bacteria are called. 
[2]. The genetic material of bacteria isin 
[3] Commaclike bacteria are called 
[4] Gram stain responding bacteria are___baeteria, 
[5] Virus mediated sexual reproduction is called 
[6] Dextran is produced by. 
[7] Bacteria attach with cach other with the help of. y make 
181 In conjugation. the donor bacteria should have. 
191 Bacterial pigments include. nd 
110 is a cancer inducing bacteria. 


l. Put / Mark on Yes or No for correct answer: ! 
ij The genetic material of bacteria is chromosome: 
[2] Plague is a bacterial disease, 
[3] Phycobilin pigment is present is autotrophic bacteria. 
[4] Tht term bacteria was given by Adolf Mayer. 
s Cuboidal aggregated form of bacterial cells is called'cocci. 

lo] Virus-mediated sexual method of bacterial reproduction is transduction. 
[7] Bacteria are prokaryotic in nature. Ves / No. 
[8] Mycoplasma-can pass through bacterial filters. eu rs / No. 


oidg uber 


Answers to O No. F, G, H 


[F] [1] Plague and ‘Typhoid. [2] Ehrenberg. [3] Spirillum. [4] genophore. [5] transduction, 
lol plague. [7] Mycoplasma. [8] binary fission, i 
{G} [1] Spirillum. [2] genophore. [3] Vibrio cholerae. ld] Gram-positive. [5] transduction. 
[6] Leuconostoc mesenteroides. [7] fimbriae. [8] F-pilus. [9] chlorobium chlorophyll 
and bacterioviridin. [10] Agrobacterium tumefaciens. 
[H] III No: [2] Yes. (3) No. [4] No. [5] No. {6) Yes. [7] Yes: [8] Yes. 


General Idea about Plant Tissues 


Topics Discussed : Introduction, Classification, Function, Meristenmtic, Permanent and Special tissues. + 
Meristemuti¢ tissue, Chissification, location, structure and funétions | Comparison between apical and 
interculary meristem, Primary and Secondary meristem, Protoderm and Procambium, Dermatogen and 
Calyptrogen ; Permanent tissue, Delihition, Ogn. hitar Classificution -siructayiil ehidracteristicsand function 

Special tissues, Types, structure and functions, Secondary growth; Digov-steay (iniraxylaly H x Nx) 
Dicot root, Monocot stem. Important Distinctions, 


4,1. Introduction 


The life of an organisin starts from a single cell, Which is the fertilized egg or the 
zygote. This single cell undergoes repeated mitotic division to form a multicellwar 
embryo and finally the organism gradually differentiates. The formation of a multicellular 
organism shows the following organizational stages. cells — tissue z>. tissue sytem > 
organ — organ system — body of an organism, But in unicellularvorganism, all the 
physiological functions are carried out byt single cell, so this organization’ is Hot 
observed. In higher plants, tissue systems are öf three types HI Epidermal [2] Ground 
and [3] Vascular. Plant growth is continuous, because afier death and dec ay of particular 
part of plant, new tissues originate and orguns are formed! e/g New roots tppear after 
the decay of older ones, new leaves appear in defoliated branches. : 


4.2. Definition = 
A tissue is defined as a group of organised cell at- dj] origin, function 
and similar or different strneuures, i ‘ boisib: ; 


4.3. Classification 

On the basis of the divisional power of plant tissue, it can be classified into. three 
categories. 

[1] Meristemvatic tissue can be broadly: classified on the basis of origin, occurrence, 
function and division. 

[2] Permanent tissue can be simple or complex. 

[3] Special tissue can be broadly classified into External secretory and Internal 
secretory types. (It is actually a permanent tissue), 

4.3.1. MERISTEMATIC TISSUE (MERISTAS = DIVISION) 


Definition: The group of plant cells or tissue which is in the active state of 
division is called meristematic tissue or meristems, 


[2] Structure: The cells show the following structures : 
(i) Thin cell walls. (ii) Enlarged nucleus with dense cytoplasm. (iii) Absence of 
vacuoles. (iv) Isodiametric. polygonal in shape. (v) Absence of intercellular spaces. 
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[3] Functions: 


(i) Formation of new cells by repeated mitotic 
divisions. (ii) Increase in the number of cells and 
there by initiating the development of plant 
organs like vascular bundles. (iii) Increase in the 
length and breadth of internode by the cutting of 
ground tissue. 


[4] Classification : The meristematic tissue S 
can be classified into four different types on the py 11 ay 
basis of occurrence, origin, function and division, 1 
They are as follows: Fig. 4.1 : Meristematic tissue. 


` Meristematic Tissue 


Nucleus Cell wall 


On Occurrence On Origin On function On Plane of division 


(i) Apical (i) Promeristem (i) Protoderm (i) Plate meristem 
meristem (ii) Primary (ii) Procambium (ii) Rib meristem 

(ii) Intercalary meristem (iii) Ground (iii) Mass meristem 
meristem (iii) Secondary meristem 

(iii) Lateral meristem 
meristem. 


[A] On the basis of occurrence, meristematic tissue can be divided into (i) Apical 
meristem (ii) Interealary meristem and (ii) Lateral meristem. 

(i) Apical meristem : Definition : The meristematic tissue which is present at the 
growing regions of the apex of the plant organs. 

Occurrence : Mainly at the shoot apex and root apex, may also be found at the leaf 
apices of developing leaves. 

[a] Shoot Apex : The structure of the tissue present at the shoot apex has been 
denoted by different workers in different plants. There may be three different theories: 

[1] Apical Cell theory: (Hofmiester, 1857 and Nageli, 1878); This theory states 
that there is a single pyramidal apical cell responsible for apical growth in cryptogams. 

[2] Histogen theory : (J. Hanstein, 1874) : According to this theory, the shoot tip 
of majority of Phanerogams can be differentiated into three different histogen layers, 
they are : 

` (I) Dermatogen (Dermis = skin ; gen = to produce) : The single outermost layer 
of the apical meristem which divides radially to form the epidermis. 

(II) Periblem (Peri = around ; blema = covering) : The middle zone of apical 
meristem located below the dermatogen forming the ground tissue (pith, cortex) of the 
plant. 

(III) Plerome (Plerus = complete): The central zone of apical meristem located 
internally to periblem forming the vascular tissue. The demerit of Histogen theory is 
that the histogen layers are largely overlapping. 


2253—8 
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[3] Tunica-Corpus theory : (Schmidt, 1924) : According to this theory the apical 


0 „Apical | 


nenday] 
meristem | 


Fig. 4.2 : Types of Meristems 
according to position 
(Diagrammatic). 


meristem is composed of two layers, the tunica composed 
of multilayered peripheral cells forming the epidermis and 
the corpus is the massive central tissue forming the cortex, 
pith and vascular bundles. 

(b) Root Apex : The tissues of the root apex can also 
be explained by the Apical Cell therory and Histogen 
theory. 

[1] Apical Cell theory (Nageli, 1878) : This theory 
also states that there is a single polygonal apical cell 
present at the root tip of pteridophytes responsible for its 
growth of dicotyledonous plants. 

[2] Histogen theory (J. Hanstein, 1876) showed in 
roots, the epidermis, ground tissue and vascular tissues 
develop from the Dermatogen, Periblem and Plerome. But 
in roots of monocotyledonous plants like maize, the outer 
most layer of dermatogen forms a new layer of tissue 
called Calyptrogen (Calyptra = Cap ; gen = to produce). 
The calyptrogen divides repeatedly to form the root-cap. 
The inner part of dermatogen and periblem form the 


ground tissue, while plerome forms the vascular tissues respectively. 


Quiscent Centre (F. A. Clowes, 1961) : 


It is a zone just below the root cap in 


monocot plants which shows very low rate of cell division and contains less DNA and 
RNA. The size of the quiscent centre depends on the size of the root. 


Function of Apical Meristem : 


(1) Forms the primary permanent tissue. 


(2) Increases the longitudinal growth of plants. 

(ii) Interealary Meristem : Definition: The meristematic tissue that remain 
embedded within the permanent tissue. 

Occurrence : They remain in the leaf base or at the lower internodes of a growing 
stem. They are formed because some meristematic zones are left behind by the stem 


during apical growth. 


Functions : (1) Initiates lengthwise growth oF the plant in addition to the primary 


meristem. 


(2) Forms the permanent tissue. 
(ii) Lateral Meristem : Definition: The meristematic tissue present laterally on 


the axis of a plant. 


Occurrence : They occur longitudinally on the a Jatpral regions of roots and stems 


mostly in two forms : 


(a) Fascicular cambium : The primary cambium remaining within the vascular 
bundles forming the secondary xylem and phloem. 

(b) Phellogen or Cork Cambium : They are extraxylary in position, noted during 
the formation of bark or periderm. They are formed of three layers, the lowermost 
living layer called Phelloderm, cutting off the upper cork cambium or phellogen, 
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which finally forms the outermost scale bark or phellem, that are sheded off form time 
to time. 


Epidermis 


Fig. 4.3: Structure of Periderm : A-Twig of Populus sp. B — Twig of Solanum sp. 


Functions : (1) It adds tissues to the existing ones, causing the increase in girth or 
thickness. 

(2) It forms the permanent secondary vascular tissues. 

(3) It modifies the epidermis into a thick walled multilayered structure to combat 
the increasing pressure of the inner vascular tissues. 

[B] On the basis of origin, the meristematic tissue can be divided into (i) 
Promeristem, (ii) Primary meristem and (iii) Secondary meristem, 

(i) Promeristem : Definition: The meristematic tissue present at the growing 
regions of the embryo. 

Occurrence : It is present at the shoot tip or the root-tip of a growing seedling. 

Function : It forms the primary meristem. 

(ii) Primary Meristem : Definition : The meristematic tissue which remain in 
meristematic state throughout the life cycle ina plant. 

Occurrence : It is present in the primary structures that is root and shoot apex of a 
seedling and also in the primary vascular bundles in the form of fascicular cambium. 

Functions : (1) It initiates the formation of primary structures in plant. (2) It produces 
the intrastellar secondary growth in a plant. 

(iii) Secondary Meristem : Definition: The meristematic tissues which originate 
from primary meristems. 

Occurrence : It occurs within the vascular region in the form of inter-fascicular 
cambium, which joins with fascicular cambium during secondary growth, It is also 
present in the outer cortex in the form of cork cambium forming periderm. 

Functions : (I) Forms the annual ri g along with fascicular cambium, (2) It initiates 
the cortical secondary growth. 

[C] On the basis of function, Meris:ematic tissue was divided by Haberlandt (1914) 
into three types : (i) Protoderm, (ii) Procambium and (iii) Fundamental or Ground 
meristem. 

(i) Protoderm (Proto = first ; dermis = covering) : Definition :The outermost 
meristematic layer, which by radial division forms the epidermal tissue. 

Occurrence : It remains in the epidermal tissue of plant. 

Functions : (i) It forms the epidermis in stem and epiblema or the rfliferans layer 
in root. 
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For ms the multilayered epidermis in Ficus by tangential division of the initial cells. 
— Promeristem (ii) Procambium : Definition: 


The meristematic tissue which 
gives rise to vascular tissues. 
Occurrence : It occurs in the 
vascular bundle 
Function + It forms the xylem, 
phloem and cambium of vascular 
bundle. 
ö (iii) Fundamental or Ground 
meristem : Definition : The 
meristematic tissue which forms 
tissues like cortex, pith and 
medullary rays. 

Occurrence : It occurs in 
between = protoderm and 
procambium. 

F Function : It forms the cortex, 

Fig. 4.4 : Shoot Apex —＋ differentiation of tissues. pith, pericycle and medullary rays. 

ns B—In Ts, [D] On the basis of the plane 

of cell division, the meristematic tissue are of three types (i) Plate meristem, (ii) Rib 
meristem and (iii) Mass meristem (Foster, 1938). 

(i) Plate meristem : Definition : The meristematic tissue in which the cell division 
takes place in two planes resulting in the increase in area. 

Occurrence ; It occurs on the leaf epidermis, cortex and pith. A 

Function : It causes an increase in the area of epidermis. 

(ii) Rib meristem : Definition : The meristematic tissue in which the division takes 
place in one plane producing a row of cells, 

Occurrence : It remains in the vascular bundles of root and stem, 

Function : It causes increase in the length of vascular tissues. 

Gii) Mass meristem : Definition : The meristematic tissue which divides in all 
planes increasing the volume of cells. 

Occurrence : It remains in the endosperm, cortex and pith. 

Functions : (1) It helps in the formation of embryo, endosperm, cortex, pith. 

(2) It also acts as packaging tissue serving the purpose of storage and photosynthesis, 
Intercellular Space: Definition : The interconnected spaces in between cells 
of a plant body. It is well distributed and reduces the compact natüre of a tissue. 

Types : They are broadly of three types, which are as follows: 

[1] Schizogenie : It originates que to the splitting of adjoining cells, e.g. Resin 
canal in conifers. 

Function : Reserve air, water and different waste products like gums, resins 
and mucilage. 

[2] Lysogenic : It originates due to complete dissolution of — walls, eg. Oil 
glands of Citrus. 

Function : It stores fat and oil and also act as a ventilating — 
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3) Schizo-lysogenic : It originates by splitting and destruction of middle lamella 
e.g. Protoxylem canals in monocots. 
Function : It acts as a ventilating system. 


Comparative Discussions : 


(A) Apical & Intercalary Meristem : 
Points of Difference 
[1] Position: 


In the apical part of In the lower part of root and 

shoot or root. shoot. 

Cells more or less spherical Cells are elongated. 
al growth. | Takes part in intercal: 


[2] Structure : 
3) Function : 


Points of Difference 
[1] Origin : Originates from primary 


permanent tissue. 


Originates from promeris- 
tem. 


[2] Duration of Divides all through the life} Divides only during secondary 
activity : cycle. growth, 
[3] Position : Apical or intercalary in Lateral to the stele.or cortex. 
position in a growing root. 
[4] Function: Formation of primary Formation of secondary per- 
manent tissues like interfasci- 


permanent tissue like the 
imary vascular tissue, 


+ cular cambium and 


(C) Protoderm and Procambium + 
Points of difference| _ Protoderm 


[1] Location : Located at the outermost Located next to the protoderm. 
region of the apical meristem. 

[2] Structure : The cells are polygonal and Cells are elongated with 
isodiametric. tapering ends. 

[3] Division : Divides radially or some- Divides radially. 
times tangentially, 

[4] Function : Forms the epidermal tissue. Forms the vascular tissues, 


(D) Dermatogen and Calyptrogen + 


Points of difference i 
[1] Location: Outermost 1 — meristematic layer 
tissue of root and stem in | of dermatogen found in root of 
both dicot and monocot monocot plant like maize. 
' plants. 
[2] Structure + Single or multilayered Single layered isodiametric 


cells. 
Forms the root-cap. 


isodiametric cells. 
Forms the epidermis or 
epiblema. 


[3] Function: 
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m REVISION ma 


[1] Meristem : The tissue which is in the active state of division, 
[2] Lysogenic : The intercellular space formed by dissolution-of cell walls. 

[3] Schizogenic : The intercellular spaces formed due to splitting of cell walls. 

A] Calyptrogen : The outermost layer of the dermatogen in monocot root forming 
the root-cap. 

[5] Quiscent centre : The zone Just behind the dermatogen has a very low. rate of 
cell division due to less DNA and RNA whose size varies with the size of the root. 


4.3.2. PERMANENT TISSUE 


[1] Definition : The plant tissue in which the process of growth has stopped. 
[2] Origin : It originates from both primary and secondary meristematic tissue. 


[3] Nature : The cells have a definite shape and configuration but they do not have 
the power of division. 


[4] Structures : 

(i) Cells are vacuolated and largely enlarged in size. 

(ii) Cells are both living and dead in nature. 

(iii) Cells contain intercellular, Space (except in sclerenchyma). 

(iv) Cells are mostly circular, angular and oval in shape. 

(v) Cell walls are thin, thick or modified. 

[5] Classification : The permanent tissues can be classified into three major types 
on the basis of its constituent cells. They are : 

(a) Simple tissue including parenchyma, collenchyma and sclerenchyma. 

(b) Complex tissue including the xylem and phloem, 

(c) Special tissue including the external and internal secretory tissue (though it is a 
permanent tissue, it is considered under a separate heading). 

(a) Simple tissue : 

(i) Definition : The homogeneous group of non-meristematic or permanent cells 
having similar structure, function and origin is collectively known as simple tissue. 

(ii) Classification : There are three major types of simple tissues viz, parenchyma, 


collenchyma and sclerenchyma, whose constituent cell types are shown in the table 
below : 


Simple tissue 


Parenchyma 


Collenchyma Sclerenchyma 
(Constituent cell types) (Constituent cell types) (Constituent cell types) 
Aerenchyma Angular Fibres Sclereids (Stone cells) 
- Chlorenchyma Lacunate Ee Brachy sclereids 
—Idioblast Lamellate Extraxylary Macro $ 
Leaf fibres steo 


Astro 
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[A] Parenchyma : Definition : The simple permanent tissue composed of thin 
walled living cells. 

Nature : It is very soft in nature because 
of the presence of thin walled cells. 

Origin : It usually develops from ground 
meristems. The parenchyma of vascular | 
bundle develops from procambium ; but that 
of secondary vascular tissues develop from 
inter-fascicular cambium. The parenchyma 
of secondary epidermis is formed from 
phellogen or cork cambium. 

Structures : It shows the following 
characteristics : 

(1) They are living cells with thin 
cellulose wall, though secondary xylem Fig. 4.5 : Parenchyma tissue. 
parenchyma are lignified as observed in the endosperm of date-palm. 

(2) They are isodiametric (with equal diameter), more or less spherical or polyhedral 
in shape, star shaped in Scirpus, and usually with intercellular spaces. 

(3) The cells contain large nucleus and large vacuoles. 

(4) They are either photosynthetic (elongated palisade and lobed spongy parenchyma 
of mesophyll tissue) or non-photosynthetic, containing leucoplasts, storing starch 
(parenchyma of root). 

Occurrence : It occurs in the epidermis of root, stem and leaf, hypodermis, pericycle, 
pith, medullary rays, mesophyll cells, mesocarp of fleshy fruits, embryo and endosperm. 

Functions : (1) The parenchyma of the epidermis protect the plant organs. 

(2) It carries out functions like regeneration, repairing of tissues and reproduction. 

(3) It is the major organ taking part in diffusion and osmosis. 

(4) It is the storage tissue for food and water. 

(5) It helps in the transport of food matter. ji 

(6) Photosynthesis occurs in chlorophyllous parenchyma (Palisade and spongy 
parenchyma). * 

Types : There are mainly three types of parenchyma found in plant tissue. They are 
as follows : 

(1) Chlorenchyma : The chlorophyllous parenchyma is called chlorenchyma. e.g. 
Intercellular Air palisade and spongy paren- 
Space Cell wall Cavity chyma of mesophyll tissue 
SA of leaves, cortical tissue of 

some green stems. 

(2) Aerenchyma : The 
parenchyma containing 
air cavities are called 
aerenchyma e.g. Paren- 
chyma of the leaf and stem 
bbe. s of plants giving buoyancy. 
Fig. 4.6 : Types of Parenchyma : A Common, B—Thickwalled, b (3) Idioblast : Specia- 

C Chlorenchyma, D — Aerenchyma. 


Intercellular | 


Poe B @ D 
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lized parenchyma with variable size storing oils, tannins and mineral crystals e.g. leaf 
of banyan. 


ne REVISION 2 a a rn 


(1) Parenchyma : Simple permanent tissue of plant with thin walled living cells 
and widest in occurrence. i 

(2) Aerenhyma : Parenchyma containing air cavities giving buoyancy. 

(3) Chlorenchyma : Parenchyma with chlorophyll mainly found in the mesophyll 
tissues of leaves. 4 

(4) Idioblast : Specialized parenchymatous cells with a distinctive size storing 
various solid and liquid products. 


[B] Collenchyma : Definition : The simplepermanant tissue consisting of unevenly 
thick walled living cells. 

Nature: The uneven 
thickening of these cell walls 
makes it partially hard giving 
mechanical support. 

Origin: It is derived mostly 
from the elongated cells of the 
ground meristem and sometimes 
from the procambium. 
Structure: The tissue shows 
the following characteristics : 

(1) The living cells with 
unevenly thickened walls 
composed of hemicellulose and 
pectin. 

(2) The cells are elongated 
containing scanty vacuolated 


Thick Cell wall 
(Angular) 


Fig. 4.7: Collenchyma tissue: A — In T.S, B In L.S. 


protoplasm, appear polygonal in cross section. 0 

(3) They are constituted by short and long fibre like cells, the short cells remain 
along the long axis but the long cells are interlocked with overlapping tapering end. 

(4) The primary pit fields are present. 

(5) The intercellular spaces may or may not be present. 

(6) They may contain chloroplast, helping in photosynthesis, 

Occurrence : They usually remain in the hypodermis of stem and also in the base 
of petiole and pedicel. 

Funetions : The functions are as follows : 

(1) It gives rigidity to plant body. 

(2) Ithas extensible and plastic cell walls, which gives effective mechanical strength. 

(3) They may contain chloroplyll and help in photosynthesis. 

Types : Collenchyma can be classified into three major types on the basis of the 
nature of thickening. They are : s 

(1) Angular : The thickening is localised to the corners of the cell making the cells 
compact without intercellular spaces e.g. Stems of Cucurbita, Beta and Datura. 
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(2) Lacunate : The cells contain intercellular space and the thickening is restricted 
to the wall in the intercellular spaces. e.g. Roots of Monostera ; stems of Malva, 
Salvia, Calotropis. 


Thickening B 4 s la 
5. a Thickening 
oF Cell wall 1 of Celt wall 


Fig. 4.8 : Types of Collenchyma : A — Lacunate, B — Angular, C — Lamellate. 

(3) Lamellate (Plate like) : The radical walls are thin and elongated band like 
thickening restricted to the tangential wall, e.g. Stems of Clerodendron, Rhamnus. 

[C] Sclerenchyma (Skleras = Stone-like hard) : Definition : The simple permanent 
tissue consisting of evenly thick-walled dead cells. 

Nature : They are very hard and heavily lignified. | 

Structure : The sclerenchyma cells show the | 
following characteristics : | 

(1) The cells are heavily thickened with lignified 
walls, simple pits and small lumen. | 

(2) The cells are dead without protoplasm. 

(3) The cell walls with very low water content. 

(4) Their shapes and sizes vary. 

Functions : They give rigidity and mechanical 
strength to plant organs. 

Types : There are two types of sclerenchyma (1) 
Sclerenchyma fibres and (2) Sclereids or sclerotic | 
cells, a 

(1) Sclerenchyma fibre : The fibre like elongated 
sclerenchyma cells are called sclerenchyma fibres. 

Origin : They originate from all the three types 
of meristematic tissues like protoderm, procambium 
and ground meristem. They may also be formed from 
the fusiform initials of cambium; 

Types : Depending on the nature, there are 3 types 
of sclerenchyma fibres, which are as follows: 

(i) Extraxylary fibres : They remain outside the 
xylem tissue, normally within the secondary phloem 
called secondary phloem fibres or bast fibres or in 
the pericycle and hypodermis, called perivascular - 
fibres. e.g. Fibres of jute ( Corchorus capsularis) ; Fig. 4.9: Sclerenchyma tissue : 


Flax (Linum ussitatissimum) ; Sun hemp (Crotalaria A—InL.S, B—InTS. 
juncea). C — Sclerenchyma fibre. 


end 


Thickening 
of Cell wall 


Pit 
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(ii) Intraxylary fibres : They remain within the xylem tissue and are called xylem 
fibres or wood fibres. They have bordered pits and on the basis of wall thickness, 
nature of pits, the wood fibes are of two types : 

(a) Libriform fibres : They are hard, with well developed thickened secondary 
walls having reduced simple pits. 

(b) Fibre tracheids : They are intermediate between tracheids and libriform fibres 
and possess moderately thickened wall and bordered pit. 

(iii) Leaf fibres : The thickened fibres associated with the bundle sheath of monocot 
leaves. e.g. Manila hemp (Musa textilis) ; Sisal hemp (Agave sisalina). 

Structure of Fibres : 

(i) Fibres are elongated with tapering ends. 

(ii) They normally occur in a group. 

(iii) They are very long, narrow and with pointed ends, the length may be upto 55 
cm. 

(iv) The lumen is very thin due to uniformly thickened, lignified walls. 

(v) The T.S. of the fibres look angular. 

(vi) Matured cells are dead and devoid of chloroplast. 

(vii) There are simple or bordered pits present on the side walls. 

© Occurrence : In the hypodermis, cortex, vascular bundles and pericycle of plant 
body. 

Importance: The fibres are of great commercial value e.g. jute, hemp, flax etc. 

(2) Sclereids : The non-fibrous, short, irregular sclerenchyma cells are called 
sclereids. 

© Origin: They develop from unspecialised parenchyma cells. 

© Types : Depending on the nature, structure and form of cell walls, five different 
sclereids are found, which are: 

(i) Macrosclereids : Elongated rod shaped sclereids forming a palisade like layer 
in the epidermis of seed coat e.g. pea and pulses. 7 

(ii) Astrosclereids : They are irregularly branched star shaped sclereids found in 
the leaves of Nymphaea, Thea. These elongated, branched sclereids are also termed as 
fibre sclereids, i f 

(iii) Osteosclereids : They are bone like sclereids with swollen ends, commonly 
found in the leaves of Xerophytes like Ficus and Hakea. 

(iv) Trichosclereids : They are solitary, armed idioblastic sclereids found as 
projected hairs in the aerial roots of Monostera. 


D 


Fig. 4.10 : Types of Sclereids : 
A Brachysclereids, B — Macrosclereids, C — Osteosclereids, D — Astrosclereids. 
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(v) Brachysclereids or Stone cells : The isodiametric thick-walled parenchyma 
cells having a gritty nature and thus it is also called grit cells, found in the fruit coat of 
guava, apple, 

© Structures: 

(i) They are specialized lignified cells which may be both irregular or isodiametric 
in shape. 

(ii) The cells are dead i.e., without protoplasm and nucleus. 

(iii) The thick secondary walls are striated and nearly block the lumen. 

(iv) They may contain tannin and mucilage. 

(v) The walls contain simple pits. 

© Occurrence : They occur singly or in groups in the soft tissues like pith, phloem, 
flesh of fruit and also in seed coat and fruit walls. 

© Function : They provide mechanical support to the plant body. 


SS Se ee RESON eee eee 


(1) Sclerenchyma fibres : Fibre like elongated sclerenchyma cells. 

(2) Fibre tracheids : Sclerenchyma cells intermediate between libriform fibres 
and tracheids. 

(3) Libriform fibres : Hard fibres with simple reduced pits. 


(4) Phloem fibres : The sclerenchyma fibres associated with phloem tissue also 
called bast fibres. 

(5) Wood fibres : The sclerenchyma fibres within xylem tissue with bordered 
pits. 

(6) Stone cells : The gritty sclerotic cells found in fruit coat, also called 
Brachysclereids. 


(B) Complex tissue : 

(i) Definition : The heterogeneous group of non-meristematic cells, which are 
dissimilar in their structure, but have same origin and perform the same function, is 
known as complex tissue. 

(ii) Types : On the basis of structure and function, the complex tissues can be 
classified into two types that is xylem and phloem, which together constitute the 
vascular bundle. The constituents of xylem and phloem are shown in the following 


table: 
Complex tissue 


Xylem Phloem 
Tracheid Sieve tube 
Trachea or vessel Sieve cell 
Xylem fibre or wood fibre ompanion cell 
'_Xylem parenchyma {Phloem parenchyma 
\_Phloem fibre or bast fibre 


(a) Xylem: 

Definition : It is a water conducting complex tissue of vascular plants composed of 
four different types of cell elements, viz. tracheid, trachea, xylem fibre and xylem 
parenchyma. 
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Origin : The first formed xylem or primary xylem originates from procambium of 


apical meristem, But the secondary xyle 
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Fig. 4.11 : Xylem tissue: A = Tracheid, 
B — Trachea, C— Xylem parenchyma, 
D — Xylem fibre, 

A’, B’, C, D Same in TS. 


m develops from fascicular and interfascicular 


cambium. The first formed xylem’ is 
protoxylem, while the latter formed xylem is 
metaxylem. 

Types of xylem elements : The four 
different xylem elements are: (1) Tracheid (2) 
Trachea (3) Xylem fibre (4) Xylem 
parenchyma. 

(1) Tracheid : They are elongated dead 
xylem elements with tapering ends. 

o Structure : Thre characteristics of 
Tracheids are as follows :— 

(i) They develop from single cells and the 
matured cells are dead, empty with a large 
lumen. 

(ii) The cells are angular in cross section. 

(ili) The secondary wall thickenings may 
be of various patterns like annular, spiral, 
reticulate, scalariform and pitted but they are 
not always distinct. 

(iv) The lignified cell wall may contain 
bordered ‘pits (for connection with other 
tissues) but the end wall is imperforate. 

© Occurrence : They occur in the primary 


and secondary vascular bundles of angiosperms, gymnosperms and pteridophytes. 
© Functions : (i) Conduction of water. 
(ii) Gives mechanical support to the plant body. 


(iii) It may also store water, 


(2) Trachea or Vessels : They are elongated tube like dead xylem elements with a 
large lumen, perforated end walls and lignified walls with various thickening patterns. 

© Structure : The trachea shows the following characteristics. 

(i) Long tube like cell with a large lumen, broader than tracheid. 

(ii) Perforations restricted on the end walls. 


(iii) A matured trachea 
shows total dissolution of end 
walls and disintegration of 
protoplast. 

(iv) The transverse wall 
having perforations are called 
perforation plate, which may 
be simple, J. e., the plate with a 
single pore and compound or 


LA 


Cc 


Fig. 4.12 : A- Annular, B — Spiral, C- Scalariform, 
D- 


Reticulate, E- Simple Pit, F — Bordered Pit. 


multiple, when more than one openings are present. The multiple perforation plate 
may be (a) Sealariform i.e., perforations are arranged in parallel pattern and (b)- 
Reticulate or Foraminate, when the perforations remain in the form of a network. 
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(v) Different patterns of lignin deposition have been noted. In the first formed xylem 
(Protoxylem), there is only annular or 
spiral thickening. But the later formed 
xylem (Metaxylem) shows reticulate 
(network) and scalariform (ladder like) 
thickening. Sometimes the secondary wall 
is laid down on the primary wall leaving 
behind some definite areas, which are 
called pits. The pits may be simple, 
bordered (due to overgrowth of secondary 
wall) and vestered (due to uneven 
deposition). js 

@ Occurrence : It occurs in both 
primary and secondary xylem tissue of 
pteridophytes like Selaginella, Equisetum, 
Dryopteris, gymnosperms like Ephedra and 
Gnetum and in the angiosperms excepting the 
monocotyledonous plants and primitive 
members of dicotyledonous plants like 
Trochodendron belonging to order Ranales. 

© Functions: (i) Helps in the conduction 
of water and solutes: 

(ii) Gives mechanical support to the plant. 

© Development of vessel: The cylindrical 
elements of trachea are placed end to end, their 
end walls gradually gets dissolved and forma 
tube like vessel. The cytoplasm disintegrates, 
cell wall is lignified, thick and the cells are 
5 — dead. The thickening develop into various 

Fig. ing or iid a Trachea patterns and thus a matured trachea develops. 

e Aen (3) Xylem fibres or Wood fibres: The 
sclerenchyma fibres associated with xylem tissue is known as xylem fibres. They are 
of two types i.e., fibre tracheids and libriform fibres, but they always remain in 
intermingled condition. 

o Structure: The xylem fibres show the following characteristics : 

(i) The cells are represented by dead elongated fibres with lignified walls. 
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Fig. 4.15 : Stages of development of vessel. 
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(ii) The libriform fibres are narrow, long, with thick secondary walls having simple 
pits. 

(iii) Fibre tracheids are comparatively smaller with less thick wall and with bordered 
pits. 

© Occurrence : It occurs frequently in the xylem tissue of woody dicotyledons. 

© Function : It gives rigidity to plant body, sometimes the libriform fibres help in 
the conduction of organic food. 
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Fig. 4.16 : Bordered pits ; A Surface View, B — Three dimensional, C= In L.S. 

(4) Xylem Parenchyma : The parenchymatous cells associated with the xylem 
elements of vascular plants is called xylem parenchyma. 

© Types : Xylem parenchyma mainly occurs in two major forms : 

(i) Axial parenchyma : Elongated parenchyma arranged in vertical series and 
attached end to end. 

(ii) Radial or Ray parenchyma : Xylem parenchyma occuring in radial transverse 
series, 

Xylem parenchyma associated with trachea or vessel is called paratracheal 
parenchyma. 

Xylem parenchyma remaining separately from the trachea are called apotracheal 
parenchyma. 

© Structure : The xylem parenchyma shows the following characters : 

(i) Elongated and living parenchyma cells placed end to end. 

(ii) The cell walls may be thick or thin. 

(iii) The secondary xylem parenchyma have lignified secondary wall with simple, 
half bordered or bordered pits. 

© Occurrence : They occur in the primary and secondary xylem of gymnosperms 
(except Pinus, Taxus) and dicotyledonous angiosperms. 

© Functions : (i) Controls the metabolic functions of the xylem elements. 

(ii) Stores food matter and excretory matter like tannins and crystals. 

(iii) Helps in conduction of water. 

(b) Phloem : 

Definition: If is the food transporting complex tissue of vascular plants composed 
of sieve tube, companion cell, phloem parenchyma and phloem fibres. 

Origin: The primary phloem originates from procambium óf apical meristem, 
while the secondary phloem elements originate from the vascular cambium. The first 
formed phloem is protophloem, while the latter formed phloem is metaphloem. 

Types of phloem elements: There are four different types of phloem elements, 
which are, (1) Sieve elements (sieve tube and sieve cells). (2) Companion cell, (3) 
Phloem fibre (bast fibre) and (4) Phloem parenchyma. 
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(1) Sieve elements : 

(A) Sieve tube : Long tube like living cylindrical phloem element with sieve plate 
at their end walls, found in angiospermic — 
plants, is called sieve tube. 

© Structure: The sieve tube shows the 
following characteristics: 

(i) The matured cylindrical cells are devoid 
of nucleus and arranged in a row. 

(ii) The cytoplasmic strands are reduced 
to the centre, but they pass through the pores 
of sieve plates. 

(iii) The sieve area develops on the lateral 
wall of the sieve tube consisting of the sieve 
pores. A simple sieve tube consists of a single 
sieve area, while a compound sieve tube has Phloem 
multiple sieve areas. Parenchyma 

(iv) The callus deposition takes place on Companion 
the sieve area, acting as a plug. It is more 
thickened during autumn. 

(v) The cell sap is slimy and contains 
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contractile proteins. Callus Pad 
(vi) The companion cells lie adjacent to it. Fig. 4.17 : Phloem Tissue : 
© Occurrence : It is present in the phloem A—InLS.B—In TS. 


of angiospermic plants. 

Function : Transport and storage of food matter. 

(2) Sieve cells : The elongated nucleated phloem elements without sieve area found i 
in pteridophytes, are called sieve cells. 

o Structure: The sieve cells bear the following characteristics. 

(i) The cells are narrow and elongated with tapering ends. 

(ii) They are devoid of sieve areas and not arranged in longitudinal rows. 

(iii) The protoplasm is vacuolated and remain as a thin layer surrounding the large 
central vacuole. 

(iv) Their cell walls are made of cellulose. 

(v) They may contain leucoplasts and starch grains. 

@ Occurrence : They are found in the vascular tissues of lower vascular plants 
(pteridophytes). 

@ Function : They help in transportation and storage of food. 

(3) Companion cells : They are lens shaped parenchymatous cells associated with 
sieve tubes helping in transport of food. 

@ Origin: They arise from the same cells producing the sieve tubes, the mother 
cell divides longitudinally to form the sieve tube and companion cell. They may be 
absent in protophloem, but always present in metaphloem. 

© Structure : The companion cells show the following characteristics : 

(i) Elongated living cells with prominent nucleus and dense cytoplasm. 

(ii) They are associated with the side walls of sieve tube, smaller in size, but may be 
connected with sieve tube via plasmodesmata. 
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(iii) Transverse section of these cells show round, triangular or polygonal appearance. 
(iv) Granular, vacuolated cytoplasm without starch grains. 
(v) The primary wall is made up of cellulose but secondary wall is absent. 
© Occurrence : They are usually present in angiospermic phloem but there may be 
similar type of cells found in gymnosperms called albuminous cells. 
@ Function : It helps in the conduction of food like sieve tube and disintegrates 
along with sieve tube. 
(4) Phloem fibre or Bast fibre : The fibre like elements of phloem are called phloem 
fibre or bast fibre. t 
© Structure : The phloem fibres show the following characteristics: 
(i) The cells are dead, elongated and exhibit interlocking systems. 
(ii) They have lignified walls with simple pits. 
(iii) The cells are sometimes septate. 
© Occurrence : They occur in both primary and secondary phloem of woody 
angiosperms. 
o Function : (i) They provide mechanical support to plant body. 
(ii) They help in conduction and storage of food. 
(iii) They protect the inner vascular tissue. 
(iv) They sometimes help in upward translocation of nutrient solution. 
(5) Phloem parenchyma : The parenchymatous cells other than companion cells 
within phloem is called phloem parenchyma. 
© Structure : The phloem parenchyma shows the following characteristics : 
(i) The cells are elongated, living, mostly within secondary phloem occurring along 
the long axis of plant body. 
(it) Cells are multinucleated and have granular cytoplasm. 
(iii) Primary cell wall composed of cellulose and provided with primary pit fields. 
(iv) There are two types of phloem parenchyma found in secondary phloem. 
(a) Axial parenchyma : Cells occurring in vertical series. 
(b) Ray or radial parenchyma : Cells occurring in horizontal series. 
© Occurrence : They are present in the secondary phloem of dicotyledonous 
dngiospermic plants, absent in monocotyledonous plants. 
© Functions : (i) Transport and storage of food. 
(ii) Helps in the distribution of food substances from the sieve tube to the medullary 


rays. 
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(1) Sieve tube : Tubular, living, non-nucleated phloem elements with sieve plate 
on the end walls. 

(2) Sieve cells : Less elongated phloem elements without any pore on the end 
walls. 

(3) Callus pad : Callose deposition on the sieve plate reducing the perforations 
of sieve plates. 

(4) Companion cells : Lens shaped phloem elements associated with sieve tubes. 

(5) Tracheid : Dead and elongated elements of xylem with pointed end walls. 

(6) Trachea : Tubular, elongated, dead xylem elements without end walls. 

(7) Bast fibres : Dead fibre like phloem elements with lignified walls and simple 
pit fields. 
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4.3.3. SPECIAL TISSUE OR SECRETORY TISSUE 

(1) Definition : The group of cells concerned with secretory process of plants are 
called secretory tissues. This secretion includes secretion of gums, latex, nectaries, 
mucilage, essential oils and other substances. 

(2) Occurrence : They are distributed in the epidermis, cortex, xylem and phloem 


tissues of vascular plants. 
(3) Classification : The secretory 


tissues have different origin and characteristics 


and can be classified on the basis of their location and physiological functions in the 


following way : 


Secretory Tissue 


Internal Secretory Tissue 


External Secretory Tissue 


Glands & Ducts Laticifers Trichomes & Nectaries Osmo- Hyda- Digestive 
(a) Oil glands (a) Latex cells glands phores thodes glands. 
(b) Mucilage (b) Latex vessels (a) Glandular 
(c) Gums, hairs. 

tannins and resin (b) Stinging 

secreting glands hairs. 


(A) Internal Secretory Tissue: 

(i) Glands and ducts : The glands 
are specialized tissues storing 
secretions found in the internal tissues, 
they are of following types: 

(a) Oil Glands : They are thin 
walled secretory cells present in the 
mesophyll of leaves and cortex of stem. 
They are isodiametric and elongated in 
nature formed by lysigenic fashion 
(lysis of some cells). Their secretion 
v ˙ —ꝛ-ꝛ— eS 


Fig. 4.19 : Laticiferous tissue in L. S: 
A Latex cell of Nerium, 
B — Latex vessel of Rubber plant. 
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Fig. 4.18: Glandular Tissue : 
A - Oil gland of Citrus, B — Resin duct of Pinus. 


includes fat or protein globules collected within 
the cavity of oil glands e.g. Fruits and leaves of 
Citrus sp. 

(b) Mucilage glands : These glands are 
almost similar to oil glands, found in the 
mesophyll tissue, filled with mucilage. e.g. 
Leaves of betel. 

(c) Gums, tannin and resin secreting 
glands : These glands are commonly observed 
in both angiosperms and gymnosperms. The 
gums and tannin are found in leaves and stems 
of angiospermic plants like Acacia and Camelia. 
Resin is more common in gymnosperms like 
Pinus. After production, they are distributed by 
specialized ducts. The resin ducts are produced 
schizogenously, lined by parenchymatous cells 
of the xylem. 
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(ii) Laticifers : A single cell or a group of specialized cells secreting latex are 
known as laticifers. The latex is a viscus milky fluid and is an emulsion of proteins, 
sugars, enzymes in a watery base. It is yellow in Argemone ; white in Carica, transparent 
in Musa. They are of two types : (a) Latex cell (b) Latex vessel. 

[a] Latex cell : They show the following characteristics : 

(1) Tube like cells with dissolved partition walls. 

(2) They are branched, but not forming network and also do not undergo fusion. 

(3) They may be multinucleate. 

They are present in Thevetia, Pedilanthus, Ficus, Nerium, Euphorbia. 

[b] Latex vessel : They show the following characteristics : 

(1) Tube like cells arranged in a row with dissolved partition walls. 

(2) They are branched and the branches may form network. È 

They are seen in Cactus, Hevea (rubber), Papaver (with morphine), Carica (with 

enzyme papain). 
[B] External Secretory Tissue : 


[i] Trichomes and glands : These epidermal trichomes are associated with glands. 
They are of two types (a) Glandular hairs and (b) Stinging hairs : 

[a] Glandular hairs : They are small hairs with unicellular or multicellular stalk 
and the head is composed of one or more secretory cells. e.g. Stem and leaves of 
Nicotiana, Plumbago. 

[b] Stinging hairs : These hairs have a broad bulbous base and a terminal pointed 
part. These hairs secrete poisonous substances causing irritation to skin e.g, Hairs on 
the stem and leaf surface of Urtica. 


[ii] Nectaries : The 

] specialized glands, which 
secrete sugar like substances 
called nectaries, Nectaries are 
generally formed on the 
epidermal cells and may be 
several layers deep. They may be 
of 2 types : (a) Extrafloral 
nectaries (b) Floral nectaries. 
[a] Extrafloral Nectaries : 
They are formed in the 
vegetative parts of a plant like 
D stem and root and remain 


3 à mm covered with cuticle. e.g. 
Fig. 4.20 ; Glandular hairs of Insectivorous plants: . z 
ae B)— Glandular hairs of a a Stipules of Catharanthus, Rim 

O- Stinging hairs, D - Nectaries. of the pitcher of Ne epenthes. 

[b] Floral Nectaries : They 
are generally associated with the different parts of flowers, they may be formed in the 
calyx (e.g. Corchorus) lower portion of androecium (e.g. Polygonum), below the 
gynoecium in the form of a disc (e.g. Jatropha). 

(iii) Osmophores : They are also called Scent glands. They are specialized 
parenchymatous glands present in angiospermic flowers filled with sweet scented volatile 


2 
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oil. After emission, the oil evaportes and its sweet scent help to attract insect for 
pollination e.g. Flowers of Gardenia, Rose. 3 

(iv) Hydathodes : They are specialised Guar fel 
openings present on the leaf margins of ; <3 4 Epidermis 
angiospermic plants like grasses and aroids 
through which exudation of water takes place 
and hence it is also called water stomata. 

Structure : The hydathodes have the 
following structure : 

(1) They are situated at the ends of veins 
on the leaf margin and contain xylem endings. 

(2) They have one or more openings 
guarded by guard cells whose opening and 
closing is not a well regulated process. 

(3) It consists of a loosely arranged 
mesophyll tissue devoid of chloroplast, but filled with water having intercellular spaces 
and distributed from ends of vascular bundles up to the epidermis called Epithem. e.g. 
Leaf of Colocasia. 

(v) Digestive glands : They are specialised glands present in insectivorous plants 
secreting proteolytic enzymes to digest the trapped insect and derive nitrogen from 
them. e.g. Tip of tentacles of Drosera (Sundew) and in the inner lining of pitchers of 
pitcher plant (Nepenthes). 


ee REVISIONS Ree 


Fig. 4.21 : Hydathode. 


(1) Latex cell: An elongated single celled laticifers. 

(2) Latex vessel: A group of elongated, branched laticifer cells. 

(3) Hydathodes (Water stomata) s Specialised openings on the leaf tip of grasses, 
exudating water. 

(4) Nectaries : Specialised floral or extrafloral glands producing the sugary 


secretion of nectar. 

(5) Osmophores (Scent glands) : Floral glands containing scented volatile oil. 

(6) Stinging hairs : Epidermal hairs with bulbous base producing poisonous 
secretions. 

(7) Digestive glands : Epidermal glands present in insectivorous plants producing 
poisonous secretions. | 


4.4. Secondary Growth 


When the plant attains maturity, the secondary meristem or cambium brings about 
the secondary growth in the plant. It cuts off secondary xylem and phloem, as a result 
of which, the plant increases in growth. In dicot stem, it occurs due to the activity of the 
cambium in the intraxylary region. In monocot stem, there is no cambium, so secondary 
growth occurs in the extraxylary region due to the activity of the cork cambium. It may 
also occur in dicot root by the fusion of the xylam strands and increasing the activity of 
the cork cambium, originating from the pericycle. 
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4.4.1. SECONDARY GROWTH IN DICOT STEM 
(1) Intraxylary Secondary Growth : 
(a) Process : The 
| cambium within the vascular 
| bundle is the fascicular 
| cambium, which joins with 
the inter-fascicular cambium 
created in between two 
vascular bundles in the 
region of the medullary rays. 
This ring cuts off secondary 
xylem towards the centre 
and secondary phloem 
towards the periphery, the 
amount of secondary xylem 
is more than that of phloem, 
The primary xylem gets 
condensed and crushed to 
the central axis of the stem, 
Fig. 4.22 : Stages of Secondary growth in Dicot stem. while the primary phloem is 

pushed towards extreme periphery. 

(b) Structures associated with secondary growth in dicot stem : 

(i) Annual Rings: The variation of climate results in the variation of cambial 
activity. During spring, enough water is available, as a result of which, vessels with 
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Fig. 4.23 : T.S. of Dicot Stem after secondary growth. 

larger diameter is produced, but in winter, the water availability is reduced, so the 
vessel diameter is also reduced. The former constitute the early wood or spring wood, 
while the latter constitutes late wood or autumn wood. It is more clear in the trees of 
temperate regions. These two woods together consititute a growth ring produced in a 
year is called an annual ring. By counting the number of annual rings. the approximate 
age of the tree can be determined and this technique is referred to as dendrochronology. 

(ii) Porous and Non-porous wood : In angiosperms, the presence of large sized 
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vessels within the secondary xylem produces a porous wood. When these vessels are 
distributed throughout the secondary xylem, it is called diffused porous wood, e.g. 
Acer, Betula, but when the vessels are present in concentric layers, they constitute the 
ring porous wood, e.g. Quercus, Castanea. 

In gymnosperms, the secondary xylem only contains tracheids, but there is no vessels, 
so this wood is termed as non-porous wood. Since the secondary wood of gymnosperms 
only contains the tracheids, it is termed as soft wood. But in angiosperms both tracheids 
and trachea are present, so it is termed as hard wood. 

(iii) Heart wood and sap wood : The wood in the central region is dark in colour 
due to the deposition of gum, resin, tannin etc, They are called heart wood or duramen, 
which mainly provides mechanical strength and less involved in conduction. The wood 
in the periphery of the dicot stem are light coloured, which helps in conduction of 
water, which is called sap wood or alburnum. ‘ 

(2) Extra Xylary Secondary Growth : 

This secondary growth occurs outside the vascular region, the cortical cells get 
modified to form cork cambium, these modified cortical cells are called secondary 
cortex or phelloderm. The cork cambium gradually gets matured to produce the scale 
bark or phellem, these cells are dead, prismatic and without inter-cellular space. The 
outer layers gradually gets sloughed off in the form of scale bark. e.g, Eucalyptus. 

Functions : The scale bark plays the following functions. 

(i) Protects the secondary xylem within. 

(ii) Contains openings in the form of lenticels for gaseous exchange. 

4.4.2. SECONDARY GROWTH IN DICOT ROOT j 

The dicot root has the ability to show both intraxylary as well as extraxylary 
secondary. growth. 2 i 
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Fig, 4.24 : Stages of Secondary growth in dicot root. 
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[1] Intraxylary Secondary Growth : The procambial strands develop in the inner 
side of the phloem in the radial vascular bundle, it gradually proceed outward to the 
outer arc of protoxylem and there by a continuous ring is produced. This ring cuts off 
secondary xylem inward and secondary phloem outside. The annual rings are not well 
differentiated, the primary xylem gets condensed towards the centre and primary phloem 
moves out to the periphery. 

[2] Extraxylary Seondary Growth: It i is similar to that of dicot stem consisting of 
phelloderm, phellogen and phellem, but comparatively less developed. 


4.4.3. SECONDARY GROWTH IN MONOCOT STEM 


The dicot stem are devoid of vascular cambium, so they do not show intra-xylary 
secondary growth, Certain plants like Agave, Aloe and Dracaena shows, extra-xylary 
secondary growth. The different stages of this secondary growth are as follows : 

(i) The cambium originates in the parenchyma outside the vascular bundles near 
the periphery of the stem. 

(ii) It produces complete vascular bundles towards the inner face of the cambium. 

(iii) These vascular bundles are collateral, amphivasal (phloem towards the centre). 

(iv) These secondary vascular bundles are arranged in radial rows and are not 
scattered like the primary vascular bundles. 

The monocot root does not produce any 5 so they are devoid of secondary 
growth. 


4.5. Important Differences 
a 
la] Difference between Meristematic and Permanent tissues : 


Points of Differences Meristematic tissue Permanent tissue 


(1) Structure : (1) (i) Cells are almost (1) (i) Cells have variable 
isodiametric. shapes. : 

(ii) Dense protoplasm (ii) Cells have vacuolated 

without vacuoles. protoplasm. 

(iii) Absence of intercellular | (iii) Cells have intercellular 

spaces. spaces. 

(iv) Pimary cell wall is thin | (iv) Cell walls are thick 

without ornamentation. with primary and secondary 

walls and with 

ornamentations. 

(v) Both homogerieous and 

heterogeneous with mecha- 

nical tissue. 

(2) (vi) Composed of 

matured cells. 

(vii) Cells may be both 

living and non-living. 

(3) (viii) They are present 

in the permanent regions. 


(v) They are homogeneous 
without mechanical tissue. 


(2) Nature : (2) (vi) Composed of 
immatured cells. 


(vii) Cells are always living. 


(3) Occurrence : (3) (viii) They occur in the 
actively growing regions of 


plantse 
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Meristematic tissue Permanent tissue 


(4) (ix) Can be classified on | (4) (ix) Mainly classified on 
the basis of position, order structural basis, that is 

of maturity, function and simple and complex. 
structure. 

(5) (x) Cells undergo 
repeated division to form 
permanent tissue. 


Points of Differences 
(4) Types : 


(5) Function : (5) (x) Cells do not divide, 
they cannot form any other 


type of tissue. 


[b] Difference between Collenchyma and Chlorenchyma : 


Points of differences | Collenchyma 


(1) (i) They are distributed 
in the root, stem and leaf. 


Chlorenchyma 
4) Gi) They are mainly 
present in the leaf and other 


green tissues of plants. 
(2) (ii) The cell wall is soft. 


(I) Occurrence: 


(2) Nature : (2) (ii) They have cells with 
hard cell wall. 

(3) (iii) Cells may be with or 
without chloroplastid. 

(iv) The cell wall is unevenly 
thickened. 

(v) Cells appear elongated 
or triangular in transverse 
section. 

(vi) The end walls show 
interlocking. 

(4) (vii) Helps in mechanical 
support and storage. 


(3) Structure : (3) (iii) Cells always 
contain chloroplastid. 

(iv) The cell wall is 
uniformly thin. 

(v) Cells appear isodiame- 


tric in transverse section. 


(vi) The end walls are 
without interlocking. 

(4) (vii) Helps in 
photosynthesis and storage. 


(4) Function : 


[c] Differences between Parenchyma, Collenchyma and Sclerenchyma : 


Collenchyma 


(1) (i) Distributed (I) G) Distribution 

widely in the primary, | frequency is less, more 
and secondary plant | -common in primary 
tissue. tissue. 


Sclerenchyma 
(1) (i) Widely 
distributed in the 
primary and secondary 
tissue in the peripheral 
region of the plant. 

(2) (ii) Matured cells 
are non-living in nature. 
(iii) Cell wall is 
secondary and very 
hard in nature. 


Points of Differences 
(1) Location : 


(2) (ii) Cells remain 
living on maturity. 
(iii) Cell wall is 
primary but 
comparatively more 
hard. 

(3) (iv) Cell wall is 
unevenly thickened. 
(v) Cells are 
elongated with blunt 
ends. 


(2) Nature : (2) (ii) Matured cells 
are living. 

(iii) Cell wall is 
primary and soft in 
nature. 


(3) (iv) Cell wall is 
evenly thickened. 

(v) Cells appear as 
elongated fibres with 
narrow lumen, tapering 
ends. 


(3) Structure : (3) (iv) Cell wall is 
uniformly thin. 
(v) Usually cells are 


isodiametric in shape. 
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Collenchyma 


(vi) Cell wall is (vi) Cell wall 
composed of cellulose | composed of cellulose 
and without and hemicellulose but 
ornamentation. without ornamentation. 


Sclerenchyma 


(vi) Cell wall 
composed of lignin and 
shows various 
ornamentations. 


Points of Differences 


(4) (vii) They only 
help in mechanical 
support. 


(4) Function : (4) (vii) They (4) (vii) They serve 
primarily act as storage the purpose of storage 


tissue. and mechanical support. 


d] Differences between sclerenchyma fibres and Sclereids : 


Sclerenchyma fibres 


(1) (i) They are mainly 
present in the peripheral region of 
secondary vascular tissue, 


Points of Differences Sclereids 


(1) (i) They are present both in 
primary and secondary tissue 
below the epidermis. 


(1) Location: 


(2) Nature : (2) (ii) The structure remains (2) (ii) They become soft with the 
unchanged even after the death of | maturity of the tissues. 
the tissue. 

(3) Stucture : (3) (iii) Thick, long, narrow ligni- | (3) (iii) Condensed cells with 


heavily thickened walls and of 
various shapes ; star shaped 
(astrosclereids), rod shaped 
(macrosclereids) and bone shaped 
(osteosclereids). 

(iv) Presence of simple or branched 
pit canals. 


fied tissue devoid of cytoplasm 
with tapering ends. 


(iv) Presence of simple or 
bordered pits. 


(4) Function ; (4) (v) They give mechanical 
support to primary and secondary 


vascular tissue. 


(4) (v) They support the epidermis 
in the primary stem. 


[e] Differences between Bast fibre and Wood fibre : 


Bast fibre (Phloem fibre) | Wood fibre (Xylem fibre) 


(1) (i) Occurs in the phloem 
tissue. 


(2) (ii) Cells are devoid of 
partition walls. 

(iii) The cells have wide 
lumen. 

(iv) Cells may have a scanty 
strand of cytoplasm. 


(3) (v) It binds the 
secondary phloem from 
outside. 


Points of Differences 


(1) Occurrence : (1) (i) Occurs in xylem 


tissue. 


(2) Structure : (2) (ii) Cells may have 
partition walls, 

(iii) The lumen is 
comparatively smaller. 
(iv) Cells are devoid of 


cytoplasm. 


(3) Function: (3) (v) It is the major 
mechanical supporting 


tissue of plant body. 
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[f] Differences between Simple, Complex and Special tissue : 


Simple tissu 


(1) (i) They are widely (I) (i) They are the 
distributed except in major constituents of 
vascular bundle. vascular bundle. 


Points of Differences 


Special tissue 


(1) Occurrences : (1) (i) They are associa- 
ted with specialised 
parenchymatous secre- 
tory tissue. 

(2) (ii) Composed of spe- 
cialised cells. 

(iii) Pores absent. 


(2) Structure : (2) (ii) Composed of one 
type of cells. 

(iii) Pores absent in the 
end walls. 

(3) (iv) There are mainly 
three types tissues viz. 
parenchyma, collenchym: 
and sclerenchyma. 

(4) (v) They help in 
storage, photosynthesis 
and mechanical support. 


(2) (ii) Composed of 
different types cells. 
(3) (iii) Pores present 
in the end walls. 

(3) (iv) There are 
mainly 2 types of 
tissues i.e., xylem 
and phloem. 

(v) They help in con- 
duction of water and 
translocation of food. 


(3) (iv) Mainly of two 
types ie., excretory which 
can be external or internal 
in position. 

(4) (v) They mainly have 
secretory and excretory 
function, 


(3) Types : 


(4) Function : 


[g] Differences between Trachea and Sieve tube : 


Points of Differences : Sieve tube 


(1) (i) Present in the phloem tissue. 
(2) (ii) Composed of living cells. 

(3) (iii) Cell wall is thin and composed 
of cellulose. 

(iy) Cytoplasmic connections present 
along the cells. 

(v) End walls provided with many pores 
and covered by callus pad. 

(4) (vi) Upward, downward and lateral 
translocation of food takes place. 


(1) (i) Present in the xylem tissue. 
(2) (ii) Composed of dead cells. 
(3) (ii) Cell wall is thick and 
composed of lignin. 

(iv) Cytoplasmic connections are 
absent. 

(v) The end walls with single pore 
not covered by callus pad. 

(4) (vi) Only upward conduction 
of water and minerals take place. 


(1) Occurrence : 
(2) Nature: 
(3) Structure : 


(4) Function: 


[h] Differences between Tracheid and Trachea : 


(1) (i) It is mainly present in the xylem 
elements of pteridophytes and 
gymnosperms. 

(2) (ii) Tubular cells with broad upper 
ends and tapering lower ends. 
(iii) The end walls are pointed. 


Trachea (Vessel) 


(1) (i) It is present in the xylem 
elements of angiospermic plants. 


Points of Differences 


(1) Occurrence : 


(2) (ii) Tubular cells with flat end 
walls. 

(iii) End wall with a large per- 
foration or it is totally absent. 

(iv) Presence of all types of thick- 
enings including bordered pits. 
(v) End walls are joined or fused 
with the lateral wall reduced 

(if present). 

(vi) The cells are arranged longitudinally | (vi) The cells are longitudinally 
but not forming a continuous tube. arranged in a row forming a 
continuous tube. 

(3) (vii) Major conducting xylem element} (3) (vii) Major conducting xylem 
of non-flowering vascular plants. element of flowering plants. 


(2) Structure : 


(iv) Presence of all types of thickening 
except bordered pits. 
(v) End cells are interlocked. 


(3) Function: 
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4.6. Table Showing Different Types of Plant Tissues 


Plant Tissue 
Meristematie Tissue Permanent Tissue Special Tissue 
Based on origin: Simple Complex 
Pro meristem Parenchyma 
Primary meristem Collenchyma Xylem Phloem 
Secndary meristem Selerenchymu Tracheid Sieve cell 
Based on Occurrence : Trachea Sieve tube 
Apical meristem Xylem parenchyma Companion cell 
Intercalary meristem Xylem fibre Phloem Parenchyma 


Lateral meristem. 

Based on Function: 
Protoderm 

Procambium 

Ground meristem, 

Based on plane of division: 
Plate meristem 


Rib meristem 


Mass meristem. 


Phloem fibre 


tissue 


External Secreto 


Internal r lissue 


Glands Laticifers | 
Oil Latex cell 

Mucilage , Latex vessel 

Gum 

Tannin 

Resin 


Trichomes 


Glandular hairs 
Stinging hairs 


Nectaries 


Osmophores Hydathodes 


4.7. Matters to Recollect 


ta Tissue: A group of cells with similar origin and function but similar or dissimilar 


Structures. 


"= Meristem : Plant tissue which is in active state of division. 
© Dermatogen : The apical meristem forming epidermis of a plant. 
"= Periblem : The middle zone of apical meristem forming ground tissue of plant. 
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Plerome : The part of the apical meristem forming the vascular tissue of a plant. 
Calyptrogen : The meristematic tissue at the root apex forming the root-cap. 
Fascicular cambium : The meristematic tissue present within the vascular bundle 
producing secondary xylem and phloem. 

Inter-fascicular cambium : The meristematic zone in between two vascular 
bundle producing the cambial ring during secondary growth. 

Cork cambium (Phellogen) : The cambium of the epidermis during secondary 
growth producing the periderm, 

Procambium : The part of the primary meristem forming the vascular tissues, 
Permanent tissues : Tissues that are without the power of division. 
Parenchyma : Simple permanent tissue with thin cell walls. 

Collenchyma : Simple permanent tissue with unevenly thickened walls. 
Sclerenchyma : Simple permanent tissue which is dead and have uniformly 
thickened walls. 

Chlorenchyma : Specialised parenchyma containing chloroplast present in the 
green vegetative tissue. 

Aerenchyma : Specialised parenchyma containing air within themselves and also 
within the intercellular spaces imparting buoyancy to aquatic species. 

Idioblast : Specialised parenchyma storing fats and oils. 

Fibre tracheids : Small sized sclerenchyma fibres with thick lignified walls and 
and bordered pits. 

Libriform fibres : Elongated sclerenchyma fibres with very narrow lumen and 
thickened walls. 

Sclereids : Short, condensed sclerenchyma cells of various shapes. 

Complex tissue : The tissue composed of different types of cell elements having 
different structure and function. 

Vascular bundle : They are units of vascular tissue composed of xylem and 
phloem. 

Wood fibres : The dead fibre like elements of secondary xylem giving mechanical 
support. 

Xylem parenchyma : The parenchymatous living xylem elements meant for 
storage. 

Sieve tube : The tube like sieve element with perforated end plate and thin strand 
of cytoplasm but devoid of nucleus. 

Companion cell : The living component of phloem associated with sieve tube 
with a large nucleus and tapering end wall. 

Phloem fibre (Bast fibre) :The fibre like dead phloem elements With thick walls 
giving mechanical support having commercial importance. e.g. jute fibre. 

Sieve plate: Perforated end plates of sieve tubes protected by callus pad. 
Trachea: Tube like major xylem elements without end walls and lignified walls. 
Laticifers : The latex containing cells present in the cortex which are of two 
types, latex cell and latex vessel. 

Mucilage gland : Mucilage containing cortical glands. 

Digestive gland : The specialized parenchymatous cells producing proteolytic 
enzymes in insectivorous plants. 
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*® ‘Stinging hairs : The specialized glandular trichomes with swollen basal part 
producing toxic secretions, a 

*® Nectaries : The specialized glands located at the base of petal, producing nectar, 

** Hydathodes (Water stomata) ; They are specialised openings at the xylem 
endings producing water containing dissolved salts, 

Secondary growth in dicot stem consists of early wood and late wood. 

© Secondary growth in dicot root is brought about by cambium. 

Secondary growth in monocot stem is extraxylary in nature. 


4.8. Summary 


The group of cells with similar origin and function and having similar or dissimilar 
Structure, constitute a tissue, The tissue which is in active state of division is known 
as meristematic tissue or meristem. They may be classified on the basisiof occurrence 
as apical, intercalary and lateral meristem, on the basis of origin as primary and 
secondary meristem, on the basis of function as protoderm, pro-cambium and ground 
meristem and as rib meristem, plate meristem and mass meristem on the basis of the 
plane of division, The tissue without the power of division is called permanent 
tissue. Permanent tissues can be classified ‘Primarily into three types as, simple, 
complex and special tissue. The simple permanent tissues have similar type of cells 
and are of three types as parenchyma, collenchyma and sclerenchyma, Parenchyma 
have thin cellulosic walls, collenchyma have unequally thickened walls but 
sclerenchyma are dead elements with evenly thickened walls. Permanent tissue with 
heterogeneous elements are known as complex tissue, Complex tissue are mainly 
ol two types ile, xylem and phloem, both constituting the vascular bundle, Xylem 
tissue is composed of four major elements as {racheid, trachea, xylem parenchyma 
and xylem fibres, of which xylem parenchyma is only the living tissue, Likewise 
the phloem elements include sieve cells, sieve tubes, companion cells, phloem 
parenchyma and phloem fibres, Sieve cells are common in gymnosperms and 
pteridophytes, while sieve tube is commonly found in angiosperms. Xylem tissue 
conducts minerals and water from roots to leaves in upward. direction, but phloem 
tissue translocates prepared food from leaves to upward downward and lateral 
directions, Sieve element are living, without nucleus, phloem parenchyma and 
companion cells are living but phloem fibres are dead elements. Special lissue 
includes specific group of cells with specialised function of secretion. They are 
either secretory or excretory in nature. The Secretory tissue includes glands and 
glandular trichomes, while excretory tissue includes laticifers, resin ducts erc, 
Secondary, growth in dicot stem produces annual rings, itis less differentiated in 
dicot root, absent in monocot root. 


4.9. Naming/Discovery/Discoverer 


[1] Hofmiester (1857) explained the apical cell theory while explaining the growth 
of shoot tip. J 

[2] Hanstein (1868) explained that the shoot tip contains three histogens viz., 
dermatogen, periblem and plerome. 

[3] A. Hill (1908) explained the ontogeny of sieve tube in angiosperms. 


[4] 


[5] 
[6] 


17) 
[8] 


(9] 


1100 
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Haberlandt (1914) classified meristematic tissue as protoderm, procambium 

and ground meristem. 

Wilson (1922) explained the mechanism of lignifi cation in phloem elements. 

A. Schmidt (1924) proposed the Tunica corpus theory in explaining the tissue 

organisation of shoot tip. 

K. Esau (1934) explained the ontogeny of phloem elements in sugar beet. 

phir (1938) explained the cyto-histological zonations in the shoot apex of 
inkgo. 

K. Esau (1943) explained the ontogeny of maize vascular bundle. 

F. Clowes (1961) explained the existence of quiscent centre in the shoot tip of 

vascular plants, 


4.10. Answers To Special akseins 


111 
121 
[3] 


152 
is) 


What is protoderm ? wen 

Ans. The part of the apical meristem forming the epidermis. 

What is procambium ? 

Ans. The part of the apical meristem giving rise to vascular tissue. 

What is cork cambium ? 

Ans. The secondary meristematic tissue formed during the formation of periderm 
or secondary epidermis. 

What is calyptrogen ? 

Ans. The outer layer of the epidermis of root forming the root. cap. 

What is quiscent centre? 

Ans. The centre of root apex of monoco ledonous plants with undividing cells 
and low DNA content. 

What is parenchyma ? 

Aus. Simple permanent tissue With thin éelluldsic Wall and vacdoldted eytoplasm. 
What is prosenchyma ? 


Ans. The thick walled long parenchyma cells having mechanical function, 


À 1 pseudo parenchyma ? 
Ans. The parenchyma like tissue of fungi formed by interwoven hyphae. 


What are stone cells? 

Ans. The round or oval shaped sclereids, also called brachy-sclereids, 

What is perforation plate? 

Ans. The perforated plate located at the end wall of trachea. 

What are the functions of meristematic tissue ? 

Ans. They help in plant growth and also in the production of permanent tissue. 
What are periblem ? 

Ans, The middle zone of the apical meristem forming the ground tissue in 
plant. 

What are schizo-lysigenous cavities ? 


Ans. The spaces formed by both spliting and destruction of cells as observed in 


the protoxylem cayities of maize stem, 
What is angular collenchyma ? 
Ans. The collenchyma cells with localised thickening at the corners of cells 


» like the hypodermis of Cucurbita, 
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[15] What are tricho-sclereids ? 


Ans. The hair like sclereids found in the epiblema of Monostera. 


[16] What are digestive glands of plants ? 


Ans. They are specialised glands present on the epidermis of modified leaflets 
of insectivorous plants secreting digestive enzymes. 


[17] What are glandular trichomes ? 


Ans. The epidermal outgrowths concerned with secretion of oils or poisonous 
substances. 


[18] What are Osmophores (Scent glands) ? 


Ans. They are multicellular floral glands producing sweet scented material for 
attracting insects for pollination. 


[19] In which plant organ, collenchymatous tissue is absent? (JE. E. 1984) 


Ans. Collenchymatous tissue is absent in underground roots. 


[20] Why Xylem is called vascular tissue? (J.E.E. 1993) 


Ans. It is a part of vascular bundle and conduct water and nutrients from the 
soil to the leaves. 


[21] What is callus pad? 


Ans. A pad-like structure formed of colourless polysaccharide callose deposited 
on the sieve pores. 


[22] What are mechanical tissues of plants ? Name them. 


Ans. The plant tissues formed of thick-walled cells giving mechanical support 
and rigidity to plant organs. They include prosenchyma, collenchyma, 
sclerenchyma, tracheid, trachea, xylem fibres and phloem fibres respectively. 


[23] Name the different woods of dicot stem. 


Ans. Early wood and late wood. 


eee eee EXERCISE See eee 


11 
[2 
[3 
[4 


[5 


© A. Essay type or Long Answer type: 

] What is meristematic tissue ? Mention the main types of tissues found in plants. Distinguish 
between meristematic tissue and permanent tissue. [ Tripura H.S. 1984] (Ans. 4.3.1) 
Discuss the differences between simple and complex tissues. Describe the structure of any one 
of the complex tissues. Mention its sites and functions. _[ Tripura H.S. 1986] (Ans. 4.3.2) 

What is a meristem ? Give an illustrated account of various types of meristematic tissue. 
(Ans. 4.3.1) 
How many types of meristematic tissues are there ? State their position, structure and function. 
(Ans. 4.3.1) 
Write a detailed account of any one of the complex tissues with reference to their structures and 
functions. (Ans. 4.3.2) 


[6] What is complex tissue ? Draw and label a dead simple tissue found in plant. 


[Tripura H.S; 1983] (Ans. 4.3.2) 


[7] With a labelled diagram describe the structure of phloem tissue. (Ans. 4.3.2) 
[8] Name two conducting tissues of plants. Describe the structural elements of any one of them. 

State its function. (Ans. 4.3.2) 
[9] What is chlorenchyma and where is it found ? (Ans. 4.3.2) 


[10] What is meristematic tissue and permanent tissue ? Give examples of both. Describe briefly the 


different types of permanent tissues in plants with labelled sketches. (Ans. 4.3.2) 


[11] What is meristematic tissue ? Classify them according to their place of occurrence. Give structural 


differences between meristematic and permanent tissue. [Tripura H.S. 1981] (Ans. 4.3.1) 
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[12] How is simple tissue classified ? Give an account of any two simple tissue structures, place of 
occurence and functions. [ Tripura H.S. 1980] (Ans. 4.3.2) 
[13] What is complex tissue ? Give an illustrated account of structure, place of occurrence and 
function of any one of complex tissues. (Ans. 4.3.2) 
[14] Differentiate between meristematic and permanent tissues ? What is phloem tissue What is 
the function of it ? What is chlorenchyma ? Where is it found ? (Ans. 4.3.2) 
[15] What is tissue ? Differentiate between meristematic and permanent tissue. Give illustrated 
diagrams of any one of the simple tissue. Where does it occur in the plant body. (Ans. 4.3.2) 
[16] Give illustrated account of tracheid and vessel. Mention each of their function. (Ans. 4.3.2) 
[17] (a) What is meristematic tissue ? (b) How does it differ fom permanent tissue’? (e) Mention the 
components of xylem. (d) Why is xylem called vascular tissue ? 
[J.E.E. 1993] (Ans. 4.3.1, 4.3.2) 
[18] What is special tissue? How can it be classified ? Describe the various internal secretory 
tissue. (Ans. 4.3.3) 
[19] Enumerate the differences between meristematic and permanent tissue. Name the tissues involved 
in conduction in plants. Describe the structure and functions of parenchyma tissue. 


(Ans. 4.3.1, 4.3.2) 
{20} How secondary growth occurs in dicot stem and root ? (Ans. 4.4.1, 4.4.2) 
@ B. Short Answer type: 
[1] What is chlorenchyma and where is it found ? (Ans, 4.3.3) 
[2] Classify meristem according to their function. (Ans. 4.3.1) 
[3] What is Quiscent centre ? (Ans. 4.3.1) 
[4] Classify meristem according to their position. (Ans. 4.3.1) 
[5] Explain briefly the Tunica-Corpus theory. (Ans. 4.3.1) 
[6] | Classify meristem according to origin. (Ans. 4.3.1) 
7] Describe the structure of sclereids. (Ans. 4.3.2) 
[8] State the functions of parenchyma tissue. (Ans. 4.3.2) 
[9] Describe the structure of sclereids. (Ans. 4.3.2) 
10 What type of tissue is xylem ? What is its function ? (Ans. 4.3.2) 
111 “Describe the structure of a sieve tube, mention its function. (Ans. 4.3.2) 
[12] Wuat type of tissue is xylem ? What is its function ? (Ans. 4.3.2) 
[13] State the structure of a sieve tube, mention its function. (Ans. 4.3.2) 
[14] Describe the structure of collenchyma tissue. (Ans. 4.3.2) 
[15] How xylem vessel is formed ? (Ans. 4.3.2) 
[16] Describe the structure, position and function of companion cell. (Ans. 4.3.2) 
[17} What is hydathode ? Describe its structure and function. (Ans. 4.3.3) 
18] What do you know about latex vessel ? (Ans. 4.3.3) 
19 What is resin duct ? State its structure and function. (Ans. 4.3.3) 
[20] What is meristematic tissue? (Ans. 4.3.1) 
[21] Mention the occurrence, functions and outline structures of the following with sketches, (a) 
Xylem (b) White fibre (Ans. 4.3.2) 
[22] What are glandular trichomes ? (Ans. 4.3.3) 
[23] What is osmophores ? (Ans, 4.3.3) 
[24]. What are nectaries ? (Ans. 4.3.3) 
[25] What are stinging hairs ? (Ans. 4.3.3) 
26] Where do you find digestive glands in plants ? What is their function ? (Ans. 4.3.3) 
[27] What are porous wood and non-porous wood ? (Ans. 4.4.1) 
@ C. Specific Answer type: 
[1] What type of tissue is collenchyma ? What is its function ? (Ans. 4.3.2) 
[2] What is tissue? (Ans. 4.2) 
[3] What is procambium 2 (Ans. 4.3.1) 


[4] What is histogen ? (Ans. 4.3.1) 
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What is calyptrogen ? 

What is meristem ? 

What are intercalary meristem ? 

What is permanent tissue ? 

What is chlorenchyma ? 

What is stone cell ? 

Whatis sclerenchyma ? 

What is aerenchyma ?. 

What is fibre tracheid ? 

What is protoxylem ? 

What is metaxylem ? 

What is vascular bundle ? 

What is protoderm ? 

Name the tissues related to circulation of plants. 
What is the nature of Jute fibre ? 

Name the conducting tissue of plant. 

What are scent glands ? 

What are the functions of xylem and phloem ? 
Name the components of xylem tissue. 

What is callus pad ? 

How secondary growth occurs in monocot stem ? 


© D. Distinguish between : 


(1) 
[2] 
B) 
{4] 
151 
{6) 
17) 
181 
191 
[10] 
111 
(12) 
[13] 
(14) 
1151 
1461 


Collenchyma and Sclerenchyma, 
Meristematic and Permanent tissue 
Parenchyma and Collenchyma 
Simple and Complex tissue 
Tracheid and Trachea 

Xylem and Phloem 

Schizigenous and Lysigenous gland 
Collenchyma and Chlorenchyma 
Parenchyma and Pseudoparenchyma 
Laticiferous vessel and Parenchyma 
Sclerenchyma and Parenchyma 
Cell and Tissue 

Primary and Cork cambium 
Dermatogen and Periblem 
Cambium and Cork cambium 

Oil Gland and Nectaries. 


© E. Short Notes: 


111 
[2] 
131 
14 
[5] 
Le! 
17¹ 
[8] 
[9] 
[10] 
(11) 
121 
1131 
11⁴ 


Vascular Bundle 
Stone Cell 
Sieve tube 
Companion cell 
Sieve Plate 
Sieve cell 
Chlorenchyma 
Collenchyma 
Sclerenchyma 
Wood fibre 
Bast fibre 
Acrenchyma 
Meristem 
Xylem 


(Ans. 4.3.1) 
(Ans. 4.3.1) 
(Ans. 4.3.2) 
(Ans. 4.3.2) 
(Ans. 4.3.2) 
(Ans. 4.3.2) 
(Ans. 4.3.2) 
(Ans, 4.3.2) 
(Ans. 4.3.2) 
(Ans. 4.3.2) 
(Ans. 4.3.2) 
(Ans; 4.3.2) 
(Ans, 4.3.1) 
J. E. E. 1980] (Ans. 4.3.2) 
(Ans. 4.3.2) 
(Ans. 4.3.2) 
(Ans. 4.3.3) 
IJ. E. E. 1996] (Ans. 4.3.2) 
IJ. E.E. 1993] (Ans. 4.3.2) 
(Ans. 4.3.2) 
(Ans. 4.3.3) 


(Ans. 4.3.2) 

(Ans. 4.3.2) 

(Ans. 4.3.2) 

J. E. E. 1989] (Ans. 4.5) 
(Ans. 4.3.2) 

(Ans. 4.3.2) 

IJ. E. E. 1989] (Ans. 4.3.3) 
(Ans. 4.3.2) 

(Ans. 4.9) 

(Ans. 4.5) 

(Ans. 4.2) 

(Ans. 4.2) 

(Ans, 4.3.1) 

(Ans, 4.3.1) 

(Ans. 4.3.2) 

(Ans. 4.3.3) 


(Ans. 4.3.2) 
(Ans. 4.3.2) 
(Ans. 4.3.2) 
(Ans. 4.3.2) 
(Ans. 4.3.2) 
(Ans. 4.3.2) 
(Ans. 4.3.2) 
(Ans. 4.3.2) 
(Ans. 4.3.2) 
(Ans. 4.3.2) 
(Ans. 4.3.2) 
(Ans. 4.3.2) 
(Ans. 4.3.2) 
(Ans. 4.3.2) 


{15] 
[16] 
{17} 
{18] 
{19} 
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Procambium (Ans, 4.3.1) 
Oil gland (Ans. 4.3.3) 
Sclereiss e (Ans. 4.3.2) 
Hydathodes (Ans. 4.3.3) 
Osmophores (Ans. 4.3.3) 


© F. Multiple choice: Put / Mark on right choice + 


111 
[2] 
[3] 
[4] 
[5] 


[6] 
17¹ 
[8] 
[9] 
[10] 


Fibre taking part in the formation of xylem is bast fibre / wood fibre. 

The living plant cell without nucleus is tracheid / trachea / sieve tube / sclereid. 
Companion cell is associated with parenchyma / collenchyma / sclerenhyma’/ sieve tube.” 
‘Thin walled cells constitute the sclerenchyma / collenchyma / parenchyma / sclereids. 

‘The meristem present at the root or shoot apices are called promeristem / secondary meristem / 
primary meristem. 

Osmophores are also called digestive gland / scent glands / oil glands. 

Nectar is produced from laticifers / nectaries / floral glands, 

Latex is present in the leaves and stems of Fern / Pinus / Ficus, 

Stinging hairs are present in Urtica / Lantana / Ocimum, 

Callus pad is present in sieve tube / trachea / xylem fibres. 


Fill in the blank: 
Chlorophyll containing parenchyma is, 
Companion cell is formed from a meristem called. 
Epidermis is formed from a meristem called. 
Water stomata is also called 
The. meristem is present at the shoot or root apex. 
The permanent tissue is formed from. 
Scent glands are normally associated with. part of plants. 
‘The bast fibres are present in 
The meristematic tissue dividing in all planes is called, 
Leaf fibres are observed in. 


Put ¥ Mark on Yes or No for correct answer: 

Epidermis is formed from the meristematic layer called procambium ; Yes / No, 
Chlorophyll containing parenchyma is called collenchyma ; Yes / No. 

Cells having perforated end walls are called tracheids ; Yes/No. 

The meristem at the shoot and root apices are called primary meristem ; Yes/No. 
The meristematic layer forming the vascular bundle is called protoderm ; Yes / No. 
‘The calyptrogen forms the epiblema ; Yes/No. 

Digestive glands are commonly associated with insectivorous plants ; Yes/No, 
Sieve tubes contain simple perforation plates ; Yes/No, 

Sieve tubes are non-living in nature; Yes / No, 

Intercalary meristem helps in apical growth ; Yes/No. 


Answers to [F], [G] and [H] 


meristem. 


[1] wood figre [2] Sieve tube [3] Sieve tube [4] parencyma [5] primary meristerm, [6] Scent 
glands [7] Nectaries [8] Ficus [9] Urtica [10] Sieve tube. 
[1] Chlorenchyma [2] Sieve tube [3] Protoderm [4] Hydathode [5] primary [6] procambium 


[7] floral [8] secondary phloem [9] mass [10] Musa, 
[1] No [2] No [3] No [4] Yes [5] No [6] Yes [7] Yes [8] Yes [9] No [10] Yes. 
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Tissue System in Angiosperm 


Topics Discussed : Introduction, Definition of plant tissue ; Classification of plant tissues ; Tissue systems, 
Definition, Classification of tissue systems, Epidermal Tissue System : Origin, Structure, Types, Epidermal 
openings, Epidermal outgrowths ; Ground Tissue System : Origin, Structural types, Functions ; Vascular 
Tissue System : Origin, Structural types ; ‘Types of Vascular bundles ; Leaf trace, Branch trace, Leaf gap, 
Branch gap ; Stele and evolution of stele ; Arrangement of tissues in dicot and monocot stem, Dicot and 
Monocot root, Dorsiventral and Isobilateral leaf, Comparative Distinctions. 


5.1. Introduction 


The first formed cell in angiospermic plant is the diploid zygote, which divides and 
redivides to form an undifferentiated mass of cells called pro-embryo, that gets further 
organized and differentiated to form the embryo. The embryo remains in dormant 
condition within the seed and after germination, it forms the first formed root or radicle 
and the first formed shoot or plumule. The root tip and the shoot tip contain the actively 
dividing cells called meristematic cells, which differentiate into various types of plant 
tissues like simple tissue, complex tissue and special tissue. On the basis of their 
functional similarities, the tissues are aggregated together to form various types of 
tissue systems, that ultimately form the various types of plant organs like roots, and 
leaves. 


5.2. Definition of Tissue System 


The tissue system may be defined as a tissue or a group of tissues performing the 
common function irrespective of their position in the plant body. 


5.3. Classification of Tissue System 


The tissue system is classified on the basis of structural continuity and functional 
similarity, These tissue systems constitute the internal complexity of a plant. The 
classification given by Sachs (1875) denoted three major systems, which are as follows : 

[1] Epidermal or Tegumentary tissue system: It consists of the outer epidermis 
and its associated structures, including the various types of openings. 

[2] Fundamental or Ground tissue system : It consists of the ground tissue that 
fill the gap between epidermal and vascular tissues, 

[3] Vascular or Fascicular or Conducting tissue system : It consists of the 
conducting tissue i.e., xylem and phloem, which aggregate to form the vascular bundles, 


5.4. Origin of Tissue System 


The tissue system normally originates from meristematic tissue, these meristems 
normally remain in the shoot apex and are termed as apical meristems. These 
meristematic tissues on maturity forms the Permanent tissue and their relationship is 
illustrated below : 
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Primary permanent tissue 


[1] Epidermis and the different [1] Epidermal tissue 
types of cells present in various out- | system. 

growths and trichomes, glands etc. 
[2] Consists of cortex, hypodermis, 
starch sheath, pericycle, pith, 
medullary rays. 

[3] Procambium or | [3] Vascular bundles including 
plerome xylem, phloem and cambium. 


Apical meristems 


[1] Protoderm or 
Dermatogen 


[2] Ground Meris- 
tem or Periblem 


[2] Gound or funda- 
mental tissue system. 


[3] Vascular or conduct 
ing tissue system. 


5.5. Different Types of Tissue Systems 


5.5.1. EPIDERMAL TISSUE SYSTEM 


[1] Origin : The epidermal tissue system originates from the primary apical meristem 
called the protoderm, which in case of shoot lies at the tip. In case of roots and root 
hairs, it lies in the area just below the root-cap. The epidermal tissue system includes 
the epidermis proper and its various constituents are in direct contact with the external 
environment. 

[A] Epidermis : The outermost layer of the plant body covering the plant organs 
like stem, leaf, flowers, fruits, seeds etc., is termed as epidermis, but in case of root, it 
is termed as epiblema or piliferous layer. 

[a] Distribution : It is distributed as the outermost covering of plant organs like 
stem, root, leaves, floral parts, fruits and seeds. 

[b] Structure :The epidermis is usually a uniseriate layer of isodiametric cells. 
Sometimes the epidermis may be multiseriate i.e., composed of multiple layers of 
cells and is termed as multiple epidermis as observed in Nerium, Ficus, which protects 
the inner tissue against external injury, heat, cold and light by getting shriveled up. In 
the epiphytic aerial roots of orchids, the multiple epidermis is called velamen, which 
absorbs moisture from the atmosphere. 


[c] Functions : 

[1] It protects the internal tissues. 

[2] It acts as water storage tissue. 

[3] It helps in absorption, secretion etc. 

[4] The epidermis covered with cuticle reduces transpiration. 

[5] The epidermis containing chlorophyll helps in photosynthesis. 

[1] Characteristics of epidermal cells: 

[a] Nature and Structure : 

[1] Epidermal cells are parenchymatous, usually non-chlorophyllous (except the 
mesophyll cells), compactly arranged to form a continuous layer. 

[2] There are no intercellular spaces (except the stomatal and lenticular openings). 

[3] The individual cells are barrel-shaped, isodiametric in nature, sometimes appear 


rectangular and wavy in outline. 


[b] Protoplasm : 
[1] The protoplasm is retained throughout the life of epidermal cells. 
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F [2] In matured cells, it remain as a thin layer of cytoplasm surrounding the central 
vacuole called primordial utricle. 


Fig. 5.1 : Different types of epidermal cells : (A) Surface view of shoot epidermis, (B) Tranverse 
section showing cuticle, (C) Wavy pattern, (D) Epidermal Depositions, (E) Leaf epidermis, 

[3] The epidermal cells may have different types of plastids, they are colourless 
leucoplasts in the root epiblema, green chloroplastids in the leaf epidermis and coloured 
chromoplastids in the flower petals, In addition to these, the petals may also have water 
soluble anthocyanin pigments and the carotenoid pigments, which are insoluble in 
water, 

[4] There may be various non-living inclusions or ergastic matters like tannin, resin, 
mucilage, essential oils, mineral crystals etc. 

[5] They divide at a first rate with response to wounding, 


[e] Cell Wall : 


The cell wall of the epidermal cells vary in thickness because of the presence of 
various chemical components. The general structure is as follows 8 

[1] The basic component of the cell wall is pectose or cellulose. 

[2] The radial walls and outer tangential walls are more thickened than the inner 
tangential walls. 

[3] The pit-fields are also commonly observed in plant cell wall, which are both 
simple and bordered pits, 

[4] The epidermal cells may be interconnected by the formation of cytoplasmic 
processes called plasmodesmata e.g. leaves of Antirrhinum, Chrysanthemum, these 
cytoplasmic connections usually pass through Projections of the outer wall called 
ectodesmata. r 

[5] The cell wall may get thickened due to the deposition of various substances and 
they are as follows : 

li] Cutin : It is formed of cellulose or pectose material, it is impervious to water and 
checks transpiration. Along with waxy substances, it forms a eontiniuous layer of cuticle, 
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[ii] Lignin: Lignin is deposited on the primary epidermal wall of the stem and also 
in the leaves of Nerium, Grass, Pinus, Cycus etc. The process of lignin deposition is 
called lignification and it gives maximum mechanical strength to the epidermal cell. 


Cuticle layer 


Fig. 5.2 : Different types of epidermal coverings : A & B-Cuticle, C & D-Waxy layer. 


[iii] Wax : The deposition of wax takes place on the outer surface of cuticle in the 
form of granules or rod-like structures, These depositions make the plant organs (stems, 
leaves and fruits) glaucous or frosty e.g. Sugarcane stem and Agave leaves. 

[iv] Crystals : The mineral crystals like cystolith (calcium carbonate) are found in 
specialized epidermal chambers called lithocyst in the leaf epidermis of Ficus leaves. 
silica deposits protect the leaves of plants belonging to family Graminae. 

[v] Gum and resins : These non-nitrogenous excretory products can also be 
deposited on the cuticle of plant leaves e.g. Eucalyptus. 

[2] Types of epidermal cells : 

In general, the epidermis is composed of barrel shaped cells without inter-cellular 
space but there may also be some modifications noted and these modifications are as 
follows : 

[a] Bulliform cells or Motor cells : These cells are mostly present in the upper 
epidermis of leaves of 
grasses and usually 
appear as enlarged, 
swollen, vacuolated 
cells. 

Structure :The 
exhibit the following 
structures : 

[i] Large, swollen, 
thin-walled cells of 
different sizes. 

[i] Cells are highly 
vacuolated et 
bubble-like. 


Upper Epidermis 


Sclerenchyma 


i Fig. 5.3 : Bulliform cells of grasses. 
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[iii] They remain in groups and usually remain restricted to the grooves between 
the veins of upper epidermis. 

[iv] These cells lack chlorophyll. 

[v] These cells contain sufficient water and usually remain in turgid state to provide 
mechanical support to the leaf epidermis. 

Functions : ‘ 

[1] These cells cause rolling and unrolling of the developing leaves) it also causes 
folding and unfolding of the matured leaves, which is primarily due to loss and gain in 
turgidity, 

[2] It reduces the rate of loss of water by transpiration. 

[3] It stores water, 

[b] Silica cell and cork cell: 

|i] Location: They are both found in the epidermis of grass leaves. In the veins, the 
short cells are siliceous containing silica, while the longer cells are suberised due to 
suberin deposition and are called long cells, 

[ii] Functions: (a) The silica cells 

Upper provide mechanical support to the 

epidermis grasses. (b) The corktcells provide 
protection. 

[e] Lithocysts : They are large 

epidermal cells present in the leaf 


t Cystolith | epidermis of Ficus plant containing 

| eystolith (calcium carbonate) crystals, 

| Lithocyst which are the excretory mineral crystals, 

f The epidermis becomes multiseriate in 
these cases. 

Palisade [d] Myrosine cells : These cells are 


į parenchyma present in the epidermis of mustard and 
other plants of family cruciferae. They 
Spoiigy are so called because they contain the 
parenchyma enzyme myrosine and appear as large, 
elongated cells. They have secretory 
functions and are also called idioblasts. 

[e] Selereids: They are also called 
sclerotic cells and are of various types like brachysclereids, astrosclereids, Osteosclereids, 
macrosclereids, depending upon their shapes. They remain in a single layer in the seed 
coat and scale leaves of plants like pea and garlic, giving mechanical support. 


[f] Epiblema : The epidermis of the root is called epiblema or rhizoidal layer or 
piliferous layer. This layer is devoid of cuticle and may show tubular projections of 
root hairs fom the epidermal cells, meant for absorption. 

[g] Periderm : The periderm is the modification of the epidermis during secondary 
growth in the stem of angiospermie plant. The periderm consists of several layers, the 
inner living phelloderm the middle phellogen or cork cambium and the outer phellem 
or scale bark. 


[B] Epidermal openings : The epidermal layer is not continuous and there are 


Fig. 5.4 : Lithocysts. 
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different types of openings, like stomata, lenticels and hydathodes, helping in gaseous 
exchange, P 

[1] Stomata : Stomata (Sing ; stoma) are compound structures consisting of the 
minute pore or stomatal aperture and the guard cells surrounding it, the epidermal 
cells surrounding the guard 
cell are called subsidiary cells 
or accessory cells. Thus the 
entire structure consisting of 
stomatal aperture, guard cells 
and subsidiary cells is called 
the stomatal complex, 

Distribution of stomata : 
The stomata are present in the 
aerial parts of stem, in the 
green leaves, in the rhizomes, 
in the sepals, petals, carpels 
and even in the seed coat. 
Stomata are absent in plants, 
which are devoid of 
chlorophylls i.e., in parasites, saprophytes and also in the underground parts of normal 
plants. 


Fig. 5.5: Stomata : [A] Surface view, [B] In L.S. 


In dorsiventral leaves of 
dicotyledonous plants, stomata 
remain scattered only on the lower 
epidermis. In isobilateral leaves of 
monocots, stomata remain on both 
the surfaces, moreover because of 
parallel venation, stomata remain in 
parallel rows, In the floating 
hydrophytes like lotus, stomata 
remain only in the upper epidermis. 

Position of stomata : The 
position of the stomata on the 
epidermis usually varies with the 
ecological habitat in which the plant 


Fig. 5.6 : Sunken stomata of Nerium (In T.S.). 


grows and they are as follows : 

[i] Raised stomata : They are found in places, where there is plenty of water available 
and in these cases, the stomata are raised above the surface of other epidermal cells, 
increasing the rate of transpiration e.g. Leaves of Prunus, Solanum. 

[ii] Sunken stomata : These stomata are usually found in plants growing in 
xerophytic habitat to check transpiration, The stomata in these cases are sunken in pits, 
remain below the epidermal surface and the pits are covered with epidermal hairs e.g. 
Leaves of Nerium, Cycas. 

Structure of stomata : The stomatal complex consists of [a] Stomatal aperture, [b] 
Guard cells and ſe] Subsidiary cells. 

[a] Stomatal aperture : The slit-like pore atthe central part of the stoma, surrounded 
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by 2 specialized semilunar epidermal guard cells. Just below the stomatal aperture lies 
the substomatal chamber or respiratory cavity, where the gases are temporarily stored 
before being eliminated. It is connected with the inter-cellular spaces of internal 
mesophyll tissues of leaves. 

Guard cells ; Nature and shape : 

[i] The guard cells surround the stomatal aperture. 

[ii] They are two in number, living, containing a distinct nucleus and chloroplastids. 

[iii] The wall of the guard cell is unevenly thickened ; the outer wall, away from the 
aperture is thin and extensible, while that bordering the aperture is heavily thickened 
and non-extensible: This helps in the regulation of stomatal opening and closing. 

liv] They are usually kidney shaped cells (dumb-bell-shaped in maize). 

[v] Usually the guard cells lie on the surface of the epidermis, sometimes they are 


raised or sunken. 


Guard cell B Subsidiary 


A 
f cell 
(0 D 


Fig. 5.7 : Types of stomata : [A] Anomocytic, [B] Anisocytic, [C] Diacytic, [D] Paracytic. 

[c] Subsidiary cells: These cells are the epidermal cells of leaves bordering the 
guard cells and on the basis of their structure and arrangement, stomata can be classified 
into 4 types, viz., Anomocytic, Anisocytic, Diacytic and Paracytic. 

Regulation of stomatal opening & closing : The stomata open and close by the 
increase and decrease of the turgidity of guard cells. Due to endosmosis, the turgidity 
of the guard cell increases, the thinner portion of the wall of guard cell is stretched, 
causing increase in the concavity of the thicker wall and the stomatal aperture is widened. 
But with exosmosis, the guard cells become flaccid and the thickened portion of their 
wall become straight and the stomatal opening beomes narrower and ultimately closes. 
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Functions of stomata : 

[i] It is the organ for transpiration (i. e., loss of excess water). 

[ii] They serve as organs for gaseous exchange. 

[iii] The guard cells contain chloroplastids and RuDP, so they also help in 
photosynthesis. 


[2] Lenticel : These openings are found in the epidermal tissues of stems and roots 
during secondary growth, i.e., when, the epidermis is modified to form the periderm. 
These openings are usually formed within the isolated areas of periderm consisting of 
suberised and non-suberised cells with inter-cellular spaces and a disintegrated pore- 
like area. 

Distribution : 

On the periderm of root and stem and also in the fruit walls. 


Structure : 

[i] They are convex lens-shaped openings, present in the periderm. 

[ii] They do not have any guard cells. 

[iii] The entire structure is composed of non-pigmented, thin-walled parenchyma 
cells called complementary cells. 

[iv] There are conspicuous air spaces in between the complementary cells. 

[v] They have an opening created due to excessive pressure of the complementary 
cells. 


Lenticel 


Complementary 


Cambium / Phellogen 


Fig. 5.8 : Structure of lenticel. 

Functions : 

[i] Lenticels lose water by transpiration mostly during night. 

[ii] It also serves as an organ for gaseous exchange. 

[3] Hydathodes or water stomata : They are specialized epidermal pores without 
any regulatory cells, present in the leaf margin or leaf tip. 

Distribution : They are present in the xylem endings or at the leaf margins of 
Colocasia, Pistia etc. 


Structure : 
[i] They have a flask-shaped structure with an apical pore, guarded by inactive 


valve-like guard cell. 
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[ii] An air-chamber or cavity is present below the pore. 
[iii] There are thin-walled loosely arranged cells with intercellular spaces called 
epithem. 
ere Guard cell liv] The tracheid endings are 
= Water cavity Present within the epithem. 
Function: Excess water 
containing dissolved inorganic salts 
are eliminated through these pores 
in the form of droplets. They are 
more pronounced during early 
morning or during winter. This 
process is called guttation. 
Tracheid [C] Epidermal outgrowths 
and appendages : 

The epidermal cells give rise to 
Hill Aae | various outgrowths of different 
structures and functions, These 
outgrowths are collectively termed 
as trichomes. These trichomes may be persistent or deciduous and are distinctly different 
from emergences, which are sub-epidermal in origin. The trichomes are classified in 
the following way : 


Epithem 
Intercellular ' 
speces 


Fig. 5.9 : Hydathode or water stomata. 


Trichomes 
Non-glandular trichomes Glandular trichomes 


Simple hairs Scales _ Bladders Colleters Glands 


Stellate Peltate Dendroid T-shaped 


Salt Nectar Mucilage Oil Hydathodal Stinging Digestive 
secreting secreting secreting secreting trichomes hairs glands 
trichomes trichomes trichomes trichomes 
[a] Non-glandular trichomes ; 


[1] Hairs : The hairs are present on the surface of root, stem, leaves and seeds. 

Stem hairs : They are the most common type of epidermal trichomes, mostly 
multicellular, branched in Mimosa ; unbranched in tobacco, Lantana. 

Root hairs : They are unicellular, tubular projections of the epiblema, which are 
usually deciduous and serving the purpose of absorption. ; 

Leaf hairs : The leaf hairs are multicellular, branched or unbranched and are of 
various shapes. They may be stinging in nature in Urtica. 

Seed hairs : These hairs are unbranched and unicellular and may have economic 
importance as in cotton. 

These hairs can be classified into 4 types on the basis of their Structures, 

[i] Stellate : Star-shaped in Sida stem and leaves. 
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[ii] Peltate: Discoid trichomes in the leaves of Olea, 
fiii) Dendroid : Branched, tree-like in Mimosa., 
[iv] T-shaped : The hairs with flat T-like base in Dicarus. 


[J] Stellate hairs of Sida ; IK] Bladders of Ice plant. 


[2] Scales: They are multicellular, non-glandular, flat hairs composed of discoid 
plates, which is either stalked or without a stalk (sessile), The sessile hairs are called 
scales, while the stalked hairs are called peltate hairs. Both of them are found in members 
of Oleaceae. 

[3] Water vesicles or bladders : They are expanded cells of the epidermis, which 
are filled with water. These vesicular, non-glandular trichomes are found in the young 
leaves and stems of ice-plant (Mesembryanthemum crystallinum). 

[b] Glandular trichomes : They have secretory power and very often are referred 
to as glands. They are of the following types: 
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LL Colleters : They are milticellulit glandular trichomes with a staff and a disc- 
like or knob-like head having glandular cells. It secretes a sticky sibstiince, which 
[> —— a le] Protects the plant organs from external injury. 
e.g. Tose, coffee. 

[2] Secretory glands / Trichomes : 

[a] Salt-secreting trichomes : They have a 
narrow stalk and an expanded glandular „head 
containing salts, which normally comes out due 
to drying or aging of leaves e.g. Artiplex. 

[b] Nectar-secreting trichomes : They are 
vesicular cells present in the floral organs 
secreting nectar and helping in insect 
pollination, e.g. Prunus. 

[c] Mucilage-secreting glands : These 
glands are present in the membranous sheath 

Fig, 5.11 : Water vesicles. of leaf base of plants like ie. They produce 
mucilage, Which comes out as an exudate by the rupturing of the cuticle. 

[d] Oil-secreting trichomes : These are essential oils coming out of glandular 
trichomes of plants belonging to families of Labiatae and Capparidaceae. These oils 
are deposited in the subcuticular spaces and come out by the disintegration of the 


e.g. Leaves and stems of young gram plants, 
Ii Stinging hairs : These trichomes have a swollen base, single, tapering, elongated 
cell and a spherical tip. The tip breaks when coming in contact with the skin and releases 
the poisonous terpene-containing-secretion causing irritation. e.g. Urtica. 

Digestive glands of insectivorous plants + These glands are present in various 


They secrete proteolytic enzymes, which digest the insects trapped within these 
Specialized structures and hence the plants are also called carnivorous plants, 
Functions of trichomes : 


(1) Introduction : It consists of tissues other than the epidermis and vascular tissues 
It mainly consists of parenchymatous cells, but there may be other elements like 
collenchyma, sclerenchyma, laticifers and other Secretory cells. 
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[2] Origin : The ground tissue system originates from ground meristem, 

[3] Distribution: The ground tissue is distributed all over the plant body in the 
root, stem and leaves, 

In dicot stem, the central vascular cylinder covered by endodermis is called stele. 
The ground tissues remaining outside the vascular cylinder are called extra-stelar 
ground tissues, which include the hypodermis, cortex and endodemis, The ground 
tissues remaining within the vascular cylinder (intra-stelar region) include the pericycle, 
pith and medullary rays. In monocot stem, there is no vascular cylinder, but the vascular 
bundles remain scattered in the parenchymatous ground tissue. 

In root also, the éxtra-stelar ground tissues include the cortex and endodermis, while 
the intra-stelar ground tissue includes the pericycle and pith. 

In leaves, the ground tissue is distinctly different from the vascular bundles, remaining 
in the form of chlorophyllous parenchymatous tissue called mesophyll tissue, which is 
further subdivided into palisade and spongy parenchyma | f 

[4] Components of Ground Tissue System: ot 

The various components of ground tissue system are as follows : 

[A] Hypodermis : Definition : The thick-walled parenchymatous cells remaining 
below the epidermis in 3-5 layers, giving mechanical support is called hypodermis. 

Structure: 

The hypodermis can be distinctly identified from the epidermis and the the cortex, 
but it varies in its structure. In the dicot stem of sunflower, it is collenghymatous in 
nature. In the Leonurus stem, the collenchymatous hypodermis remains in 4 distinct 
groups in the fourcomers of the stem. In Cucurbita (dicot) stem, the collenchymatous 
hypodermis is only restricted to the ridges, In monocot stem, the hypodermis is formed 
of sclerenchymatous cells. In roots, hypodermis is absent. 

Functions: 

Li) It supports the epidermis from the lower side. 

[ii] It protects the internal cortex from desication and external injury. 

{iii} Tt may contain chlorophyll and can carry out photosynthesis. 

lu] Cortex ; Definition : The parenchymatous tissue remaining in between the 
epidermis and endodermis is called cortex, 

Structure: The cortex shows the following structures : 

[i] The cortex is differentiated into primary cortex of the young stem and the 
secondary cortex present in the matured stem showing secondary growth. 

[ii] The individual cells of primary cortex are thin-walled, polygonal with inter- 
cellular spaces. 

liii) They may exhibit photosynthesis, as they contain chlorophyll. 

[iv] The cortical cells may contain oil, starch grains and inorganic crystals. 

[v] The primary cortex of the root are homogeacous, containing only the 
parenchymatous cells, while that of the stems of gourd, sunflower are heterogeneous 
consisting of different types of cells like collenchymatous fibres, storage cells erc. 

[vi] The cortex of lower vascular plants like pteridophytes are differentiated into a 
thick-walled outer cortex and a thin-walled inner cortex. 
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[vii] The secondary cortex is thick-walled, may exhibit lignification in order to 
provide mechanical support. 


Fig. 5.12 ; Endodermal cells with casparian strips and pericycle : 
[A] A single cell, [B] In T.S. [C] In LS. [D] Maize, [E] Smilax, 

Functions: ' 

[i] They are associated with storage of food and water. 

lii] They help in the transport of water from root hair to the endodermis by cell to 
cell osmosis, 

[iii] The cortex containing chlorophyll helps in photosynthesis. 

liv] They can act as mechanical supporting tissue, 

[C] Endodermis or Starch Sheath : Definition : The innermost layer of cortex 
containing starch is known as endodermis. 

It is surrounding the vascular cylinder, it may be circular in dicot and monocot 
stem, sometimes wavy in dicot stem. In some cases, as in Marsilea stem, there is an 
inner endodermis remaining within the xylem tissue, that separates the pith from the 
xylem. 

In some angiosperms (sunflower, ground), the endodermis contains starch grains 
and it is also called starch sheath. i 

Structure : The endodermis shows the following structures: y 

[i] It consists of uniseriate, elongated, barrel-shaped cells without inter-cellular 
spaces, whose long axis is parallel to the axis of the plant, 

[ii] In transverse section, the cells appear elliptical or oval, 

[iii] Their protoplasm contains starch grains, mucilage and sometimes tannin and 
mineral crystals, 

[iv] The inner transverse and radial walls of endodermis of majority of plant roots 
have band like thickenings called casparian strips or casparian bands, after the name 
of its discoverer Caspary (1865). In T.S., these Strips appear as dots on the radial wall 
of endodermal cells and are called casparian dots. They may vary in their Shapes, they 
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are O-shaped in Vanda roots, U-shaped in monocot roots, inverted U-shaped in Pinus 
root. 

Lv) There may be additional deposition of waxy material called suberin in some 
plant roots, 

{vi} The endodermis of dicot stem and pteridophytes usually are thin-walled, 

[vii] There are thin-walled passage cells remaining in between the thickenings of 
endodermis adjacent to the xylem vessels, helping in the conduction of water. 

Functions : 

[i] It acts as a protective layer to the vascular tissues, à tu 

[ii] It prevents loss of nutrient solutions from the vascular tissues, 

[iii] It prevents air gaps in the vascular tissues, 1 

[iv] It regulates the root pressure, which ultimately accounts for the ascent of sap. 

[v} It keeps the stele saturated with water, vat 

[vi] It separates the extrastelar and intrastelar regions haying differential osmotic 
pressure. 

[vii] It may store starch in some cases, 

[D] Exodermis : Definition: / is the sub-epidermal, suberised and. modified outer 
layer of the cortex in roots. ' 

Structure : The cells are parenchymatous, arranged in one or many layers, sometimes 
the layers are with suberised walls, they have the casparian strips and the passage cells, 
The cells are living and contain dense cytoplasm, The exodermis of epiphytic root of 
orchids forms the velamen. te 

Functions: 

[i] It provides mechanical strength to the epidermis. 

[ii] It provides additional protection to the internal tissue. 

[iii] In orchids, it absorbs moisture from the atmosphere. 

[E] Pericycle ; Definition : The thin-walled cells remaining between the endodermis 
and vascular tissue is known as pericycle, 

Structure : The pericycle is usually single layered, there may be more than one 
layer present, Itis parenchymatous or sclerenchymatous in nature forming a continuous 
or a discontinuous band, It is always present in case of roots, but usually absent in 
aquatic plants, 

Functions: 

ij They are the points of origin for lateral roots, 

(ii) They provide mechanical support. á 

liii] They may store starch. 

[iv] They may form the secondary meristem (cambium) during the secondary gowth 
in roots. ay 

[F] Medullary ray or Pith ray + 

Definition : The portion of ground tissue remaining in between vascular bundles is 
called medullary ray or pith ray. 

Structure: The cells of the medullary rays are elongated, parenchymatous, without 
intercellular spaces. 

Functions: t 

li) They store water and reserve food. 

[ii] They act as a linking tissue between the cortex and pith. 


160 A TEXT BOOK OF BIOLOGY 


[iii] They conduct water with dissolved nutrients. 
liv] They form the inter-fascicular cambium during secondary growth. 


[G] Pith or Medulla: Definition : The central mass of tissue in the axial plant 
organs (root and stem) bounded by the vascular bundles and medullary rays is called 
pith or medulla. + 

Structure : The cells are round, oval or elongated in outline, loosely arranged with 
intercellular spaces. The cell wall contains cellulose, sometimes it can be thick-walled 
due to lignification. In fact, the outer pith consists of thick-walled cells, which forms 
the peri-medullary zone or medullary sheath. The pith may also contain the sclereids. 
In the stems of certain plants like Cucurbita, the pith gets disintegrated to form a cavity. 

Functions : 

[i] It may sometimes act as a pathway of conduction. 

[ii] It helps in the storage of reserved food. 

[iii] It may provide mechanical strength. 

[iv] It acts as a storehouse of secretory and excretory products. 

[v] They maintain the balance between extra and intra-stelar regions. 


[H] Mesophyll tissue : Definition : The principal ground tissue of the leaves is 
known as mesophyll tissue. 

Structure : The mesophyll tissue is bound by the upper and the lower epidermis. In 
case of the dorsiventral leaves of the dicotyledons, the mesophyll is differentiated into 
palisade and spongy parenchyma. The palisade layer includes 2—3 layers of elongated, 
compact, chlorenchymatous cells arranged at right angles to the leaf surface, while the 
spongy layer includes loosely arranged isodiametric, oval, round or sometimes irregular 
cells with profuse intercellular spaces. In the isobilateral leaves of the monocotyledons, 
the mesophyll is not differentiated into palisade and spongy tissue, instead they are 
formed of identical round or polygonal, isodiametric cells with the inter-cellular spaces 
towards the centre. The vascular bundles in both cases usually remain at the centre and 
there may be secretory tissue and sclereids present within the mesophyll tissue. 

Functions : 

[i] They help in photosynthesis. 

[ii] They store the assimilatory starch for a temporary period. 

[iii] They store the gases and water vapour within the chambers present in the 
mesophyll tissue. 


5.5.3. VASCULAR TISSUE SYSTEM 


[1] Definition : The tissue responsible for the conduction of food and water are 
called vascular tissues. 

[2] Introduction : The xylem and phloem are the two major components of vascular 
tissues. They together form the vascular bundles in dicot stem, the xylem and phloem 
remain separated by a patch of meristematic tissue called cambium, so the vascular 
bundle is open and it shows secondary growth. In monocot stem, the cambium is absent, 
so the vascular bundle is closed. The vascular bundles along with other tissues, remaining 
within the endodermis is called stele. In both dicot and monocot roots, cambium is 
absent and the xylem and phloem remain in alternate patches in the form of radial 
vascular bundles, In leaves, the vascular bundles are closed without any secondary 
growth. 
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The first formed xylem and phloem in a vascular bundle is called primaty xylem / 
primary phloem. While the secondary tissues include the secondary xylem and secondary 
phloem respectively. 

[3] Distribution: The vascular tissues are distributed everywhere in a plant. i.e., in 
the root, stem and leaves. They are absent in epidermal trichomes and prickles. 

[4] Origin: The vascular tissues originate from the pro-cambium or plerome of 
the apical meristem, the xylem originating from xylic pro-cambium, while phloem 
originating from phloic pro-cambium respectively. 

[5] Structure of vascular tissues : The primary vascular bundles consist ofprimary 
xylem, primary phloem and cambium, while in the secondary wood, che Secondary 
xylem and phloem are cut off from the cambium. 

[A] Primary xylem : The primary xylem differentiates from the xylic pro-cambium 
in the early stage of the development of the plant. The major elements of xylem include 
tracheid, trachea or vessel, xylem parenchyma and xylem fibre. On the basis of the 
maturity of xylem elements, xylem can be classified as protoxylem and metaxylem. 

[a] Protoxylem: Definition: The first formed xylem elements with comparatively 
smaller diameter is called protoxylem. 

Structure : 

[i] These elements are long, thin with a narrow lumen, 

tii] The secondary wall is laid down in different patterns viz., annular (ring-like), 
spiral and scalariform (ladder-like). : 

[iii] In some plants like in maize stem, the protoxylem gets disintegrated at a later 
stage of development to form the protoxylem cavity or protoxylem lacunae. 

[iv] In endarch xylem of the stem, the protoxylem is situated towards the centre, 
while the metaxylem towards the periphery. 

[v] In exarch xylem of the root, the protoxylem remains towards the periphery, 
while the metaxylem towards the centre. 

[vi] In the mesarch xylem of fern stem and angiosperm leaves, the metaxylem remain 
in patches within the protoxylem. 

[vii] The protoxylem elements are devoid of fibres. 

[b] Metaxylem : Definition : The later-formed xylem elements with comparatively 
broader lumen is known as metaxylem. 

Structure: 

[i] They grow, when the growth of an organ is completed, 

[ii], Metaxylem elements are wider than the protoxylem elements. 

[iii] They have secondary thickened walls having reticulate and pitted thickenings. 

liv] The fibres are present within these elements. f 

] Xylem parenchyma are present in the radial walls of the trachea. 

Functions of xylem elements : 

[i] They conduct water and mineral salts from root to leaves. 

[ii] They store water and mineral salts for temporary period. 

[iii] They render mechanical strength to the plant organs. 

[B] Primary phloem : It develops from the phloic procambium of the primary 
meristem in-a young plant body. The various elements present in the primary phloem 
are sieve cell, sieve tube, phloem parenchyma, phloem fibre and companion cells. On 
the basis of maturity, phloem can be of 2 types viz., protophloem and metaphloem. 
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la] Protophloem : Definition : The first formed phloem elements with a 

comparatively less lumen is protophloem. 

Structure : 

{i] These elements are long and narrow and show considerable amount of stretching 

during the growth of plant organs. 

[ii] They contain the sieve cells in gymnosperms and pteridophytes. 9 

iii] The angiosperms have sieve tube elements at un early stage. 

[iv] At a later stage, the angiosperm. ptotophloem develops en parenchyma 
and phloem fibres. lo sw 

[b] Metaphloem ; Definition : The later-formed phloem Slaten, with, a „ 
lumen is known as metaphloem. 

Structure : 

[i] Metuphloem elements are cut off after growth is completed and hence they are 
subjected to less longitudinal stress. ws 

[ii] They have larger diameter and rigid walls, 

[iii] They include all the phloem elements, only phloem fibres are scanty. , 

Phloem usually remains as external phloem on the outer side of the xylem elements 
in the vascular bundles of stem. In root, it remains alternately with xylem elements 
forming alternate vascular bundles. In the leaves, the phloem elements are located 
below the xylem elements. In certain stems as gourd and potato, phloem also remains 
in the inner side of the primary xylem elements and are called internal or atta or 
intra-xylary phloem, gitnry ; 

Functions of phloem : 

[1] Ithelps in the translocation of food from the ESO on plant 
body. 

[2] The translocation of food can be upward, downward or lateral in nature, 

[3] They may help in temporary storage of food. 

[4] The phloem fibres bind the vascular tissue from outside. 

[C] Cambium : Definition : The cambium or lateral meristem is a strip of 
procambium situated in between xylem and phloem in the vascular bundles of dicots 
and gymnosperms, which remains meristematic even after primary growth is over. 

‘Types : Cambium can be of three types : 

[1] Fascicular cambium : The cambium present in between the xylem andy phloem 
within the vascular bundles is called fascicular cambium. 

[2] Inter-fascicular cambium : The cambium developing in between two vascular 
bundles in the medullary rays Is called inter-fascicular cambium, which joins With the 
fascicular cambium to form the cambial ring that cuts off secondary xylem towards the 
centre and secondary phloem towards the periphery. 

la] Cork cambium : They are formed from cortical cells during secondary growth 
in the extrastelar region, it is also called Phellogen, which forms the bark or periderm. 

Structure: 

[1] The cambial cells are thin-walled and rectangular in transverse section. 

2] The cells remain parallel to the axis mn 
dividing in tangential plane during secondary growth. 2 

{3} The cell wall is thin, composed of cellulose and contains primary pit fields. 

[4] The vascular cambium consists of 2 types of cells, fusiform initials and ray 
initials. 
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[5] The cells are uninucleate with vacuolated protoplasm. lara. 18 
{6] The fusiform initials are elongated with tapering ends, forming the t Or the 
axial system, which include the tracheid, trachea, xylem parenchyma, xylem fibres, 


phloem parenchyma. penni 
17) The ray initials’ remain in horizon plane and form the radial tissue that forms 
xylem and phloem rays. won 
Functions of cambium : j 
[1] It initiates intra-stelar growth. po 


[2] It also causes secondary growth in the extra-stelar region fe. in the formation 
or ah pinta reren MSG 

[D] Secondary xylem and phloem: i: basio ee 

Definition : The xylem and phloem elements cut off from the cambium after the 
primary growth is completed are called secondary xylem and phloem»: oo 

Structure of secondary xylem + eet HT 

(1). The secondary xylem is cut off from the inner face of ſasciculur cambium. 
(primary in origin) and inter-fascicular cambium (secondary in origin), 

(2) The seondary xylem is always cut oll in the stelar region. 

[3] After massive amount of secondary xylem is cut off, the primary xylem gets 
disorganised, 

Functions of secondary xylem : i g 

[1] Like primary xylem, they help in upward conduction of water in bulk amount, 

[2] It gives mechanical strength to the plant body. 

[3] It provides structural rigidity and configuration to the plant body. 

Structure of secondary phloem : 

{i} The secondiiry phloem is cut off from the outer face of the cambial ring. 

{2] During the production of secondary phlocm, the primary pholem gets 
disorganised. A 


[4] Secondary phloem is absent in monocots and in some dicot plants like Cucurbita, 
In these plants, the first formed phloem or protophloem remains throughout the lifespan 
of the plant body. h 

[5] In some dicot plants like Strychnas, Combretum, during secondary growth, the 
phloem may remain embedded within the xylem tissue and ihat is termed as intra- 
xylary phloem: 

Functions of secondary phloem : 

[1] It helps in translocation of prepared food like primary phloem. 

[2] The secondary phloem fibres or bast fibres protect and bind the internal vascular 
tissues. f 


5.6. Vascular Bundles 

The vascular bundles are the units of vascular tissue system consisting of xylem, 
phloem and sometimes cambium. 

5.6.1. TYPES OF VASCULAR BUNDLES 

The vascular bundles are of four types depending on its structural types viz, 
Collateral, Bi-collateral, Radial, Concentric. 
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II] Collateral and Conjoint vascular bundles: 

Definition : The vascular bundle in which xylem and phloem are together present 
and remain side by side is called conjoint, collateral. 

Structure : 

[1] In this vascular bundle, the phloem lies on the outer side facing the cortex 
(external phloem) and the xylem remains towards the pith (internal xylem). 

[2] The vascular bundle is conjoint because both xylem and phloem are present. 

[3] On the basis of the presence of cambium the vascular bundles can be of the two 
following types : 

{a] Conjoint collateral open : In this, the cambium is present between the xylem 
and phloem, which initiates secondary gowth (e.g. dicot stem). 

[b] Conjoint collateral closed : In this, the cambium is absent, so secondary growth 
is not observed (e.g. monocot stem, leaves). 

[2] Bi-collateral vascular bundle: 

Definition : They are special type of collateral vascular bundles, where the phloem 
patches are present on both sides of the xylem, seperated from tlie xvlem by the strip of 
cambium. 
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Fig. 5.13 : Different types of vascular bundles (In. J. S.) : [A] Conjoint collateral open; IB Conjoint 
collateral closed ; [C]. Conjoint bi-collateral : [D] Hardrocentric; [E] Leptocentric ; [F] Radial 
(Diagrammatic) ; IA ] Actual cellular representation of the same vascular bundles, 
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Structure : 

[1] The vascular bundle contains xylem, phloem and cambium and hence it is also 
called conjoint, bicollateral, open type and is observed in Cucurbita stem. 

[2] The patch of phloem facing the cortex is external phloem, while that facing the 
pith is internal or included phloem. 

[3] In the same way, the cambium facing the external and internal phloem are called 
outer and inner cambium respectively. 


[3] Radial vascular bundle : 


Definition : The vascular bundle in which xylem and phloem strands occur 
separately on alternate radii in a ring-like fashion separated by non-vascular tissues 
within the vascular cylinder, is called radial vascular bundle. 

Structure : 

i They are present in dicot and monocot roots. 

[2] The xylem is exarch i.e., metaxylem towards the centre while protoxylem towards 
the periphery. 

[3] The number of vascular strands may be 4-6 in dicot root but in monocot root 
there are 8-10 strands. 

[4] Concentric vascular bundle : 


Definition : The vascular bundle in which xylem and phloem remain together in 


such away that one encloses the other. | 


Fo 
Structure : 


HH They are also called conjoint vascular bundles. 

[2] There is no cambium present in between xylem and phloem, so these vascular 
bundles are always closed. 

[3] On the basis of the arrangement of xylem and phloem, they can be classified 
into the 2 following types : 

[a] Leptocentric or Amphivasal : In this case, the phloem forms the inner core 
and it is surrounded by xylem e.g. Stems of monocot trees like Dracaena, Yucca. 

[b] Amphicribral or Hadrocentric : In this case, the xylem forms the inner core 
and it is surrounded by phloem e.g. Stems of ferns. 

[5] Special vascular bundles: 

These vascular bundles are not included in the main classification of vascular bundles 
and they are of the following types : 

[a] Cortical bundles : These bundles are scattered in the cortical region of the 
stem found in the stems of familes like Cactaceae and Oleaceae. 

[b] Medullary bundles : These vascular bundles remain scattered in the pith e. g. 
Stems of Chenopodiaceae, Amaranthaceae. 


5.7. Leaf trace ; Leaf Gaps and Branch Trace ; Branch Gaps 


The vascular tissue is continuous from the root tip upto the extremeties of stems 
and leaves in all vascular plants. This network of vascular tissues is called vascular 
skeleton. The radial vascular bundles of the roots pass through the root stem transition 
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region and form the conjoint collateral bundles of the stem, commonly termed as cauline 
bundles. 


Leaf trace: The portion of the common bundles between the point of departure 
from the stem upto the base of thé leaf is called leaf trace or foliar trace. 


The number of leaf traces may vary from one to many. One in Salix, three in the 
families of Rosaceae, Compositae, many in Umbelliferae. 


Leaf gap : The gap formed in the vascular cylinder due to the departure of the leaf 
trace is called leaf gap.The gap is formed just above the departure point of the leaf 
trace. The leaf gaps are small in gymnosperms and angiosperms, but they àre large in 
pteridophytes. 

Branch traces : The branches of the vascular cylinder entring the branch are 
called branch traces or ramular traces. Branch traces may be larger than leaf traces, 
they may be even formed during the formation of bud. Unlike leaf traces, branch traces 
arise abruptly from the vascular cylinder. 


Branch gap : The gap created in the vascular cylinder just above the branch trace 


is known as branch gap. Branch gaps may remain associated with leaf gaps, just above 
the leaf gaps. 
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Fig. 5.14 : Leaf traces. Leaf gaps. Branch gaps and Branch traces? [A] Leaf trace & leaf gap in L.S. 
[B] In T.S. [C] Three dimensional view of Branch trace & Branch gap. tD] In L. S. 


5.8. Stele 


[1] Definition : The central core of axial system composed of vascular tissues 
along with associated ground tissues, ensheathed by the endodermis is known as stele. 


[2] Introduction : In an axial system of dicot plant, the tissues remaining within 
the endodermis is called intra-stelar tissue, the tissues remaining outside the endodermis 
is called extra-stelar tissue. But in the monocot stem, there is no clear demarcation 
between cortex and pith and the vascular bundles remain distributed in the ground 
tissue ; so in this case, the stele cannot be clearly nfarked. For this reason, the modern 
anatomists have discarded the term stele and replaced it by vascular cylinder. 


[3] Types of stele : Fahn and Esau (1967), recognised two basic types of steles on 
the basis of absence and presence of pith, which are protostele and siphonostele 
respectively. They are represented in the following table: 
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Stele 
Protostele . Siphonostele 
Haplostele Actinostele Plectostele 
e.g. Lycopodium e.g. Lycopodium e.g. Lycopodium 
cernuum clavatum phlegmaria 


Eustele 
e.g. Pinus 


Solenostele 
e.g. Eqisetum 


Amphiphloic 
siphonostele 
e.g. Solanum 


Polystele Atactostele 
e.g. Poly- e.g. Maize 
podium 


Dictyostele Ectophloic Polycyclic 
e.g. Pteris siphonostele siphonostele 
e.g. Nicotiana e.g. Pteridium 


Thesé steles are discussed below : 
[A] Protostele : 


Definition : The stele without a pith, where a solid cylinder of xylem is surrounded 
by a solid cylinder of phloem is called protostele. fi 

Itis the simplest and primitive form of protostele and the patch of xylem in transverse 
section may appear as star-shaped, irregularly folded or lobed, It is of the following 
types : á 

[a] Haplostele : The type of protostele, in which the smooth core of xylem is 
surrounded by a solid cylinder of phloem e. g. Selaginella kraussiana, Lycopodium 
cernuum. 

[b] Actinostele: The protostele in which the central patch of xylem remain in the 
form of radiating rays in the form of a star-shaped structure surrounded by phloem 
e.g.: Lycopodium clavatum. 

[c] Plectostele : The protostele in which the xylem remains in the form of dissected 
plate like structures. remaining embedded in the phloem tissue e.g.: Lycopodium 
phlegmaria. 

[B] Siphonostele (Tubular stele) : 7 

Definition : The stele in which there is a central mass of parenchymatous pith 
remaining surrounded by vascular tissues. In transverse section, the pith appears as a 
hollow cylinder remaining at the central part of the vascular cylinder in primary tissue. 
During secondary growth, they may be occupied by the secondary xylem tissue. 

[a] Classification on the basis of organization : On the basis of the organization 

of xylem and phloem tissue, a stele may be classified in the following two types : 

[1] Ectophloic siphonostele : In this type of siphonostele, where the phloem appears 
only on the outer side of the xylem ring and it remains flanked by the outer endodermis 
and pericycle e.g. Fern stem (Osmunda) : Angiosperms (Nicotiana, Salix). 

[2] Amphiphloic siphonostele : The type of siphonostele, where phloem strands 
remain both on the external and internal side of the xylem and the endodermis and 
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pericycle can also remain external to the outer phloein and internal to the inner phloem. 
e.g. ; Stem of fern (Marsilea) and in the stems of angiosperm-families like Solanaceae, 
Asclepiadaceae and Convolvulaceae. 

[b] Classification on the basis of leaf gaps : 

In primitive type of vascular plants, the siphonostele is not intercepted by leaf gaps 
and it remains continuous. Its not that the leaf gaps are absent in them. but rather they 
are small and insignificant and do not cause any break in the vascular cylinder, But in 
advanced vascular plants, the leaf gaps gradually dissect the vascular cylinder and the 
stele becomes broken or perforated in nature. On the basis of presence of leaf gaps, the 
siphonostele is classified in the following ways: 

[1] Solenostele : The vascular cylinder which is continuous in the internode. not 
dissected by any leaf gap is called solenostele. It is the true siphonostele e. g. Equisetum. 

[2] Dictyostele (dissected stele) : The siphonostele. which is intercepted or 
perforated by multiple leaf gaps is called dictyostele. On the other hand. each individual 
vascular strand occurring laterally in between two overlapping leaf gaps is called 
meristele. e.g. Preris and Polypodium among ferns, Dianthus in angiosperms. 


[3] Eustele (true stele) : When the meristeles of dictyostele are further dissected 
by leaf gaps, at the interfascicular region, then the dissected eustele is formed e.g. 
Gymnosperms like Cycas. 

[4] Atactostele » When the eustele is further dissected, it forms the atactostele, 
where the vascular bundles remain scattered in the ground tissue e.g. Monocot stem. 


[5] Polycyclic siphonostele: When more than one stele are situated in two or more 
Concentric rings, it forms a polycyclic siphonostele. In this stele, the central stele is 


solenostele, while the outer one is dictyostele. e.g. Stems of ferns like Prericdium, 
Marattia. 


[6] Polystele : In this stele, individual vascular bundles temain surrounded by 
endodermis, each of these vascular bundles are termed as monostele e. 


g. Stem of fern 
Polypodium. z 


Xylem Phloem Xylem ] 


| ` 
l A B 0 


Fig. 5.15 : Different types of stele (Three-dimensional view) : 
[A] Protostele. [B] Actinostele, [C] Plectostele. 
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Fig, 5.16: Different types of stele (In TS.): [A] Haplostele, [B] Actinostele, [C] Plectostele, 
[D] Ectophloic siphonostete, [E] Amphiphloic siphonostele, [F] Solenostele, 
[G+H] Dictyostele, [I] Atactostele. 


5.8.1. EVOLUTION OF STELE 


The origin of stele takes place in the pteridophytes in the form of protostele, which 
gradually evolves to form the siphonostele with the appearance of pith at the centre. 
‘This evolutionary process can be explained by two possible theories : 

[a] Invasion theory : According to this theory, the pith is extra-stelar in origin, i.e., 
the cortex invades the central portion of the vascular cylinder through the leaf traces 
and forms the parenchymatous pith by replacing the xylem elements. 

[b] Expansion theory : According to this theory, the pith is intra-stelar in origin, 
i.e., some parts of the xylem strands remain underdeveloped and unspecialized to form 
the parenchymatous pith. 

The first formed siphonostele is solenostele. which initially is ectophloic siphonostele 
(phloem remaining outside xylem) and then it evolves to form amphiphloic siphonostele 
(phloem on both sides of xylem) and then to polycyclic siphonostele. The appearance 
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of leaf gaps in a siphonostele forms a dictyostele, which may be further dissected to 
polystele and the highest form of evolution in this line is the atactostele. 


5.9. Internal Structures of Plant organs (Root, Stem and Leaves) 


The transverse sections of root, stem and leaves reveal the internal tissue organization 
or the anatomy, which may include both primary and secondary vascular tissues (mostly 
in case of stems). But in these ongoing paragraphs, only the primary vascular tissues 
are considered. 

[I] Internal structure of Dicotyledonous Root : 

[A] Gram (Cicer arietinum) : 

The J. S. of the root of a young germinating seedling of gram shows the following 
organization of tissues from periphery to centre : 

[1] Epiblema or Pilliferous layer : 

[i] It is the outermost layer of uniseriate, thin-walled living cells. 

: [ii] Some of the cells are 
; provided with longitudinal, 
8 5 5 unicellular, hair-like projections 
Pe ae ben 1 called root hairs. ii 
h~ 575 ‘ yy [iii] There is no cuticle present 
wk oC ‘ext AJ x ae, 
; and so the epidermis is termed as 
epiblema. 

[iv] The cells are barrel-shaped 
without any intercellular spaces. 

[v] Stomata or any other pores 
are absent. : 

[2] Cortex: 

) [i] It is a massive homo- 
2 geneous layers of parenchymatous 
LA Eidire cells lying below the epiblema. 

Bu Pericycle fii] The cells are broadly round 


` Root hair 


EO. 
53 
CE 
SS 2 
General core 


3 coe Conjunctive tissue or oval inf outline with 
- Pith conspicuous intercellular spaces. 
Les + [iii] They contain abundant 


leucoplasts helping in the storage 
of starch grains. 

[3] Endodermis : 

[i] It is situated below the 
cortex and is represented by a 


Fig. 5.17 : T.S. of the primary structures of a portion ofa sinęle layered barrel-shaped cells. 
typical dicot root (gram) showing the vascular cylinder. [ii], These cells are also 


compactly arranged without intercellular space. 


[iii] The radial and tangential walls of these cells possess typical cuticularized 
thickenings called easparian strips. 


liv] These thickenings alternate with certain thin-walled passage cells, remaining 
just opposite to that of the xylem vessels. 
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[v] The endodermis does not contain any starch grain, so it is not called starch 
sheath like the dicot stem. 

[4] Stele: The stele is the central core of vascular tissues along with intra-stelar 
ground tissues, bounded by the endodermis and radial in nature. It consists of the 
following tissues : 

[a] Pericycle : i 

[i] It is an one cell-layered thick, consists of thin-walled parenchymatous cells 
remaining just below the endodermis. 

[ii] They are also flattened barrel-shaped cells without intercellular space. 

[b] Vascular bundle : 

[i] The vascular bundle is of radial type, ie., xylem and phloem remain as separate 
patches arranged on alternate radii. 

[ii] The vascular bundles are tetrarch i.e., the number of vascular strands is four. 

[iii] The xylem’ and phloem strands remain separated by a thin patch of 
parenchymatous cells called conjunctive tissue. 

[iv] Individual xylem strands are exarch in nature, i.e., metaxylem towards the pith 
and protoxylem towards periphery. 

[v] The xylem elements mainly include tracheid, trachea, xylem parenchyma. 

[vi] Each phloem strand remains encapsulated by a patch of sclerenchyma. 

[vii] The phloem elements consist of sieve tube, companion cell and, phloem 
parenchyma. í 


[c] Pith : 
[i] The pith is very much inconspicuous and remain at the extreme centre of the 


vascular cylinder. 

[ii] It is formed of parenchymatous cells, which are actually underdeveloped xylem 
elements. 5 

fiii At the later stage of development, pith is occupied by the metaxylem components. 

[iv] Conjunctive tissue : The small patches of parenchyma cells remaining in 
between xylem and phloem strands, which may help in secondary growth of the dicot 
root. 


II] Internal structure of Monocotyledonous Root : 


[A] Arum root (Colocasia sp.); yo 
The T. S. of arum root shows the following tissues from periphery to centre : 


[1] Epiblema : It is a single layer of non-cuticularized, barrel-shaped, 
parenchymatous cells without intercellular space, same as that of gram root. 

[2] Cortex : 

[i] The cortex is massive, consisting of thin-walled parenchymatous cells, oval or 
round in outline with intercellular space, similar to dicot root. 

[ii] In matured roots, the cells just below the epiblema undergo suberisation and 
forms a protective layer called exodermis. 


172 A TEXT BOOK OF BIOLOGY 


[3] Endodermis : . 
fi] The single-layered barrel-shaped cells without intercellular space enclosing the 
Flake TS ETT) vitele (like diet wol) 
| 9 ** 5 Root hair Le gts en strips 
Í U * may shaped. giving 
N * . i mechanical support, 
08 * intersparsed with passage 
cells, 
[4] Stele: The stele is 
formed of radial vascular 
Guneri bundles und it Consists 6f the 
torox following tissues.: 
la] Pericycle : Single- 
| layered cells similar to that of 
| dicot root. 
nus 


[b] Vascular bundle; 

lil The vascular bundles 

¿arc radial and polyarch in 

; | nature ie the xylem and 

phloem strands are more than 
four in number. 

lif] The xylem strands are 
exarch in nature. 

| liii] The cönstituent 


Ground tissne System 


elements of xylem and 

Metaxylem ii | phloem are same as that of the 
e 
3 


| Phloem | le] Conjunctive tissue : 
á | Similar to that of dicot root. 

S pie Shee sso) leh Pith 
Fig. 5. 1 nnen t „lil The pith is large and 

typical monocotyledonous rot (arum). conspicuous. 
[ii] It consists of irregular, 

thin-walled parenchymatous cells with scanty intercellular spuces. 
i Internal structure of Dicotyledonous Stem: mor 


[A] Sunflower (Helianthus annuus) : 

The T. S. section of u sunflower stem shows the following esate of internal 
Primary tissues from the periphery to centre: 

[1] Epidermis : 

[i] The outermost, uniseriate layer of barrel-shaped cells without intercellular space. 

[ii] The cells have thin wall covered by a thick cuticle, 

[iii] The protoplast is vacuolated, : 

iv] There are large number of multi-cellular, bair-like projections arising from the 
epidermis, termed as epidermal trichomes. 
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Iv] Function ; Provide protection to internal tissues, 


i Fig le ES. o the sane sem (Diagram: en primary ue. 
[2] Hypodermis + 
dy . — s OA S Slayers 
of collenchymatous cells. 


URI The cells are livinig ‘and ‘contain chloroplasts. 

liii] Function : These cells provide mechanical support to the epidermis and can 
prepare their food by photosynthesis, 
Is] Cortex: . 

[i] The parenchymatous cells extending from the hypodermis, upto the endodermis. 

[ii] The cells are thin- -walled, parenchymatous, oval or round in outline. 

1 is copious intercellular space in between these cells. 

V] These cells contain secretory ducts with oil glands, 

[v] Function : They store food and various other reserve products. 

[4] Endodermis or Starch sheath : 

li) The innermost layer of the cortex surrounding the stele is known as endodermis, 

[ii] It is a uniseriate layer of closely packed, parenchymatous cells without 
intercellular space, wavy in outline. 

liii] The cells contain abundant starch grains and hence it is called starch sheath, 

liv} It Jacks the casparian strips or bands, 

[v] Function : It helps in the storage of starch, 

[5] Stele: The central vascular cylinder bounded by starch sheath or endodermis. 
The stele is having a central pith, so itis siphonostele, but itis dissected by multiple 
leaf traces and hence it is dictyostele. The stele consists of following organization of 
tissues, 

[a] Pericycle t 

[i] The outermost tissue of the stele consisting of heterogenous, multilayered cells. 
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[ii] The cells of the pericycle include'alternate patches of sclerenchyma and thin- 
walled parenchyma. 
alee Eni [iii] The sclerenchyma remain in 


Cut . Stem hair (Multicellular) continuity with the primary phloem of 
Je N 5 

| \ APE yey Epidermis the vascular bundle and remain as 
| ZA ; aS = Hypodermis > | bundle caps. 


5 [iv] Pericycle is reduced or absent in 


(Parenchyma) | majority of dicot plants. 

[v] Function : It protects the internal 
~ Starch sheath tissues. 

j [b] Vascular bundles (vascular 
tissues) : 

Phloem [i] The primary vascular bundles are 
arranged in a ring. 

[ii] Each vascular bundle is conjoint, 
Metaxylem collateral, open: 

[iii] It consists of an outer phloem and 
inner xylem, separated by fascicular 
cambium, which is composed of two to 

Protoxylem three layers of fusiform cells. 
edu ray [iv] The xylem strands are endarch 
in nature, i.e., protoxylem towards the 
centre bordering the pith, while 
metaxylem remains towards the 
periphery, bordering the cambium: 

[v] The xylem elements consist of 
tracheid, trachea, xylem fibre, xylem 


Bundle cap 


Fig. 5. 20: J. S. of primary structure of sunflower 
stem (Cellular diagram showing a portion). parenchyma. 
[vi] The protoxylem elements consist 


of annular and spiral thickenings, while metaxylem have reticulate and pitted thickenings. 

[vii] The protoxylem elements consist of annular and spiral thickenings, while 
metaxylem have reticulate and pitted thickenings. 

[viii] The phloem elements include sieve tube, phloem parenchyma and companion 
cells. 

[ix] Function : They help in conduction of water and translocation of food. 


le] Pith or Medulla: 


[i] The innermost central region of the stem surrounded by vascular bundles. 

[ii] It is large, distinct, consisting of thin-walled, oval or polygonal parenchymatous 
cells with abundant intercellular spaces. 

[iii] Function: It helps in the storage of reserve food. 


[d] Primary medullary rays : 


[i] The inter-fascicular region between two vascular bundles formed of thin-walled, 
radially elongated parenchymatous cells. ; > 
[ii] There are moderatè intercellular spaces. 
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[iii] It is formed by the projections of the pith, which actually radiates through the 
spaces in between the vascular bundles. 

[iv] Function: It forms a passage of continuity between the cortex and the pith. 

[IV] Internal structures of Monocotyledonous Stem: 

[A] Maize stem (Zea mays) : 

The T. S. of the maize stem shows the following organization of tissues from 
periphery to the centre: } 

[1] Epidermis : 

[i] The ‘epidermis is formed of single layer of closely fitted, barrel-shaped 
parenchymatous cells without intercellular space. 

[ii] The epidermis is protected by a thick cuticle. 

iii] The epidermal trichomes are absent. 

[iv] There may be few stomatal openings. 

[2] Ground tissue : The endodermis is absent, so there is no differentiation between 
extra-stelar and intra-stelar region. The vascular bundles remain scattered in the 
undifferentiated ground tissue. There is no cortex present, the ground tissue only includes 
the outer hypodermis and the inner parenchymatous zone. 


cortex 


, Metaxylem 
Protoxylem 


Vascular bundle 


Fig. 5.21 : T.S. of typical monocotyledonous stem (maize) : 
A] Entire stem (Diagrammatic), [B] A portion of the stem (cellular diagram). 
[a] Hypodermis : 
[i] It is formed of 2 — 3 layered thick-walled (sclerified) parenchyma. 
ii] The cells are oval or polygonal in shape without any intercellular space. 


[b] Parenchymatous zone: 
[i] It is a massive parenchymatous zone of e parenchymatous cells with 


adequate intercellular spaces, distributed all over the stem. 

[ii] The vascular bundles remain scattered in this parenchymatous zone. 

[iii] The cells remaining near the periphery are smaller in size, polygonal in shape, 
thick-walled and with virtually no intercellular space. 
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liv] But the cells remaining towards the centre are larger, round or oval in shape, 
loosely arranged with conspicuous intercellular space. 

[3] Stele: The stele is not present in the true sense of the term, the vascular bundles 
remain scattered in the ground tissue and that form the most advanced type of stele i.e., 
atactostele. 

[4] Vascular bundles: 

li] The vascular bundles are conjoint, collateral, closed (i.e., without the fascicular 
cambium). 


j lii] There is a distinct size 
difference, fe., the peripheral 
Biindle sheath vascular bundles are smaller in 
(Sclerenchyma) | size and more in number, while 
the central vascular bundles are 
Sieve tube ¶ largerin size and comparatively 
Companion Cell less in number. 

[iii] Each vascular bundle is 
Metaxylem | covered: witha bundle sheath, 
Protoxy!em formed of sclerenchyma. 

The constituents of the 
vascular bundles are as follows: 

[a] Xylem: 

{i] The xylem remains in the 
form of a Y-shaped configura- 
tion, where the 2 arms are 
formed of metaxylem vessels with a large lumen and pitted thickenings. 

[ii] One or two protoxylem elements with smaller lumen, annular or spiral thickenings 
are present at the junction of the two arms. 

[iii] The innermost protoxylem elements get disintegrated forming the protoxylem 
cavity in a matured stem. 

liv] The xylem arrangement is endarch, though it is not very pronounced. 

[v] The xylem elements include trachea and xylem parenchyma, protoxylem elements 
may also contain tracheids. 

[b] Phloem : 

[i] The phloem elements remain in between the two metaxylem arms. 

lii] In matured stem, the metaphloem strands are only present, the protophloem 
disintegrates due to the internal pressure of the plant tissue. 

[iii] Phloem elements include sieve tube and companion cell, phloem parenchyma 
is usually absent. 

[V] Internal structure of Dorsiventral or Bifacial Leaf: 

[A] Mango leaf : (Mangifera indica) : 

The T.S. of the dorsiventral leaf (mango) shows the following organization of tissues: 

[1] Upper epidermis : 

[i] It consists of thin-walled, barrel-shaped parenchymatous cells, present on the 
dorsal surface of the leaf. 

[ii] They are covered with a thin layer of external cuticle. 

[iii] The cells are devoid of chloroplast, 


Protoxylem 
Cavity 


Deseo 


Fig. 5.22 : T.S. of a typical vascular bundle of maize, 
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liv] The intercellular spaces in the form of openings like stomata absent. 

[2] Mesophyil tissue: The entire mass of tissue remaining in between the upper 
and lower epidermis including the vascular bundles is termed as mesophyll tissue. It is 
differentiated into palisade parenchyma and spongy parenchyma. 

Parenchyma : 

[a] Palisade parenchyma : 

[i] These cells remain just below the upper epidermis in 2 — 3 layers. 

{ii] They are coloumnar in shape and perpendicular to the epidermal cells. 

[iii] They have very little or no intercellular space. 

[iv] The density of chlorophyll is highest in these cells. 


Vascular Tissue system 
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Fig. 5.23 : T.S. of a typical dorsiventral leaf (mango leaf). 
[b] Spongy parenchyma : 
[i] They are composed of 3 — 5 layers of round cells present near the lower epidermis. 
[ii] They have sufficient spaces in between, forming the substomatal air cavities. 
[iii] They are loosely arranged and the density of chloroplast is less in comparison 
to palisade parenchyma. 


[3] Vascular bundles : 


[i] The vascular bundles are observed at the site of the major veins or at the branched 
veins, . 

[ii] Usually the bigger veins are represented by larger bundles, while the smaller 
veins are represented by smaller bundles. 

[iii] The bundles usually remain at the centre, but may not have uniform position. 

[iv] They are covered by the ring of parenchymatous cells called bundle sheath, 
endodermis is absent. 

[v] The bundle sheath is connected to the upper and lower epidermis by 
collenchymatous cells called bundle sheath extensions. 

[vi] They are collateral, closed type, ie., xylem and phloem are present together, 
but not separated by cambium. 

[vii] They xylem is borne adaxially in a leaf, i.e., facing the upper epidermis and 
phloem is borne abaxially, i.e., facing the lower epidermis, which is in reverse order to 
that of the stem. 


2253—12 
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[viii] The xylem is mesarch in nature, i.e., protoxylem and metaxylem elements are 
mixed with each other, not in a definite order. 


[ix] Xylem consists of trachea mainly, while phloem consists of sieve tubes and 
companion cells. 


[4] Lower epidermis : 


[i] It is similar to that of the upper epidermis with respect to the structure of the 
cells. 


[ii] They are discontinuous, with the presence of stomatal apertures. 

[iii] The stomatal opening and closing is controlled by guard cells, which contain 
chloroplast and lead to the substomatal air chambers. 

[VI] Internal structure of Isobilateral Leaf (Monocot leaf): 

[A] Tuberose leaf : (Polyanthes tuburosum) : The T. S. of the tuberose leaf, shows 
the following organization of tissues : 

[1] Upper epidermis : 

[i] Composed of compact, uniseriate, barrel-shaped cells without intercellular space. 


[ii] The cells are impregnated with silica crystals and contain stomata and sub- 
stomatal chamber below the epidermis. 


[iii] Trichomes may be irregularly distributed in the epidermis. 

[iv] Some swollen bulliform cells may be present in some areas of the stem. 

[2] Mesophyll tissue: 

[i] The mesophyll tissue is not differentiated into palisade and spongy parenchyma. 


[ii] It consists of compactly arranged, enlarged, isodiametric parenchymatous cells 
containing chloroplasts. 


[iii] The cells may contain scanty intercellular space and broadly resemble spongy 
parenchyma cells. 
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Fig. 5.24: T.S. of a Tuberose leaf (Isobilateral leaf). 
[3] Vascular bundle: 
[i] Each vascular bundle is collateral, closed. 


[ii] They are larger in the mid-vein region and smaller in the regions of branched 
veins. 


[iii] They remain at the centre of the mesophyll tissue. 
[iv] They are covered by a distinct thin-walled bundle sheath. 
[v] There may be sclerenchymatous extension of the bundle sheath. 
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[vi] The arrangement and composition of xylem and phloem are similar to other 
types of leaves described earlier. 
[4] Lower epidermis : 


[i] Like the upper epidermis, the lower epidermis is uniseriate with a thin cuticle, 
lii] Stomata with guard cells and substomatal air chamber present. 


5.10. Comparative Discussions 
[A] Epidermis and Endodermis : 


Points of 
Differences 


[1] Distribution 


Endodermis 


[1] Present in the roots and 
stems as the outermost layer 
of the stele. 

[2] The walls are tangentially 
thickened with casparian 
strips. 

[3] Passage cell present in the 
endodermis for water absorp- 
tion, 


[1] Present as the outermost 
layer of tissue like roots, stems, 
leaves, fruits etc. 


[2] The outer layer is uniformly 
thickened with a cuticle. 


[2] Thickening 


[3] Does not contain any 
passage cell. 


[3] Passage cell 


[4] May contain projections [4] No trichomes are present. 


called epidermal trichomes. 


[4] Projections 


[5] May contain storage starch 
in case of stem. 

[6] It protects the vascular 
tissue and also stores starch. 


[5] Stored food [5] Does not contain storage 


starch. 


[6] Function [6] It protects the inner tissues 


of plant, 


[7] May get disorganised dur- 
ing secondary growth in stem: 


[7] Fate [7] It may form periderm in 
case of stem during secondary 


growth, 


[B] Epidermis and Epiblema : 


[1] Outermost layer of stem, 
leaf, fruits etc. 


Points of 
Differences 


[1] Location 


Epiblema 


{1] Outermost layer of the root. 


[2] Cuticle [2] Present. [2] Absent. 
[3] Trichomes [3] May be present. [3] Absent. 
[4] Root hairs [4] Absent. [4] Present. 
[5] Stomata [5] May be present in case of [5] Absent. 


leaves and young shoot. 
[6] Protection of inner tissue. 


[6] Function [6] Protection and absorption. 
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[C] Stomata and Water stomata (Hydathode) : 


Points of 
Differences 


[1] Location 


Water stomata (Hydathode) 


[1] Present on the leaf margin, 
at the ends of veins in leaves 
like Colocasia, 


[1] On the leaf epidermis, 
(both upper and lower in mono- 
cot and only on lower in dicot) 
also on shoot, phylloclade erc. 


[2] Structure [2] Opening guarded by kidney-] [2] Flask-shaped structure 
shaped guard cells and followed] without any guard cell, 
by a sub-stomatal air chamber. | containing a loose mass of 
parenchymatous cells called 
epithem. 
[3] Xylem endings | [3] There is no xylem endings | [3] Xylem endings in the form 
connecting the stomata. of tracheids are present. 
[4] Processes [4] Transpiration occurs thro- | [4] Guttation occurs through 
controlled ugh stomata during daytime. | hydathodes mainly during 
night. 
[S] Loss of water | [5] It is in the form of water [5] It is in liquid form. 
vapour. a 
[6] Loss of salt [6] Does not take place. [6] The water lost may contain 


dissolved salts and is called 
metabolic water. 


[D] Stem hair (Trichome) and Root hair : 
Stem hair (Trichome) 


Root hair 


[1] Location [1] Located on the stem [1] Located on the root 
epidermis. epiblema. 

[2] Distribution | [2] Uniformly distributed. [2] Localized on the root hair 

à region. 

[3] Nature [3] They are separate structures | [3] They are the tubular projec- 
on the stem epidermis, tions of the root epiblema. 

[4] Structure [4] They are multicellular hairs, [4] They are unicellular hairs. 

[5] Function 15] They are mostly protective [5] Help in absorption of water. 


in function, sometimes reduce 
transpiration from shoot surface. 


[E] Palisade parenchyma and Spongy parenchyma : 
Points of 
Differences 


[1] Location 


Palisade parenchyma Spongy parenchyma 
I] Located in the upper part of | [1] Located in the lower part 
the mesophyll tissue, just below | of the mesophyll in dorsi~ 

the upper epidermis in'dorsiven-| ventral leaves and nearly the 
tral leaves, entire mesophyll tissue of the 
iso-bilateral leaves. 
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Points of 
Differences 


[2] Shape [2] Pillar-shaped, 


[2] Flattened or polygonal, 


[3] Intercellular [3] Intercellular'space absent.” | [3] Intercellular air spaces 
space present. 

[4] Density of [4] The chloroplast content is | [4] The density of chloroplast 
chloroplast greater, which imparts a deep- | is less and that imparts a grass- 


green colouration, green colouration: 


[F] Hypodermis and Endodermis: 


Points of 
Differences 


[1] Location 


Endodermis 


It is the outer layer of the 
cortex. 
2 They are made of collen- 


[1] It is the outermost layer of 
the stele, 
[2] They are formed of modi- 


[2] Structure 


„ | chyma or sclerenchyma cells, | fied parenchyma. 

[3] Intercellular | [3] Scanty intercellular space | [3] No intercellular space is 

space may be present. present, 

[4] Thickening [4] Lignified thickening may be} [4] Thickening in the form of 
observed in case of collen- casparian strips may be 
chyma but no casparian strips, | present. 

[5] Passage cell [5] Absent. [5] Present. 

[6] Functions [6] It protects the inner tissue | [6] Protects the stele, stores 

. and also gives mechanical starch and also gives additional 
support to the epidermis, Support to the epidermis, helps 


in absorption of water, 


bal 
[G] Protoxylem and Metaxylem : 


fl] They are the first-formed 
xylem vessels. 

[2] Arranged towards the cortex 
in root (exarch) and towards the 
pith in stem (endarch). 


[1] Later-formed xylem after 
the protoxylem, 

[2] Arranged towards the pith 
in root (exarch) and towards 
the cortex in stem (endarch). 


[3] Thickenings | [3] Provided with annular and [3]: Provided with reticulate 
spiral thickenings. and pitted thickenings, 

[4] Lumen [4] The lumen of these elements | (4] The lumen of these cells 
are smaller. are larger. 

[5] Cavity [5] May get dissolved at a later | [5] Metaxylem cavities are not 


stage in monocot stem, forming | formed. 


protoxylem cavities. 
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[H] Protophloem and Metaphloem : 


Points of 
Differences Protophloem 


[1] Time of 
formation 


Metaphloem 


{1] They are the later-formed 
phloem formed after the 
protophloem. 

[2] Cells are shorter, larger 


[1] They are the first-formed 
phloem elements formed 
before the metaphloem. 

[2] The cells are long with 
narrow cavities, with wider cavities. 

(3) They major components of | [3] They include the sieve 
these phloem elements are sieve] tubes, companion cells, 
tubes, phloem parenchyma and 
phloem fibres. 


[2] Structure 


[3] Composition 


[I] Dicot Stem and Monocot Stem: 


Differences 
[1] Nature [1] The stem is more compact 
and woody in nature. 


Monocot stem 


[1] The stem is usually less 
compact and woody. 


[2] Trichomes [2] There may be multicellular [2] The epidermal trichomes 
trichomes present, distributed | are usually absent. 
uniformly on the epidermis. . 
[3] Stomata [3] Stomata is absent in the [3] Stomata may be present in 
epidermis. the young shoot. 
[4] Hypodermis [4] It is collenchymatous. [4] It is Sclerenchymatous, 
remaining as thick-walled 
‘| parenchyma, 
[5] Ground tissue [5] It is differentiated as extra- [5] It is continuous and not 
` | stelar and intra-stelar region differentiated into extra-stelar 
separated by the endodermis, | and intra-stelar region. 
[6] Stele {6} It is usually a dictyostele. [6] It is usually an atactostele. 
[7] Vascular 
bundles 
[a] Arrangement | [a] Arranged in a ring surroun- [a] They are scattered within 
ding the pith in primary stem. | the ground tissue. 
[b] Type [b] They are conjoint, collateral [b] They are conjoint, 
or bi-collateral and open. collateral and closed. 
[c] Cambium [c] Presence of fascicular and [c] Cambium is absent, 
inter-fascicular cambium at an 
early and late stage of stem 
development, 
[d] Bundle cap ld] Sclerenchymatous bundle d] Bundle cap absent, 


cap is present. teplaced by bundle sheath. 
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Points of 
Differences 


[e] Arrangement le! The protoxylem und lel The endarch arrangement 
of primary xylem | metaxylem arranged in endarch | is not very pronounced and 
fashion like the letter T. the protoxylem and metaxylem 


elements remain in the form 
0 of letiet V 
[f] Protoxylem 


[f] Not formed. [f] Formed at a later stage due 
cavities to degeneration of the proto 
xylem elements, 
[g] Medullary rays} |g) Medullary rays present, [g] Medullary rays absent. 
which separate the primary they 
vascular bundle. 
[h] Pith | ln] Pith is present in the [h] Pith is not differentiated 
primary vascular stem; within the ground tissue. 
[i] Primary p A| [i] Phloem usually remains on | {i} Phloem remains in alternate 
arrangement the outer side of the xylem; it patches with the xylem, 
may be internal in bi-collateral i 
vascular bundle, q : : 
[8] Secondary 81 Itis intrasstelar in nature due} [8] It is Etta. te lu in nature, 
growth: so io the joining of fascicular and | with the modification of ine 
inter-fascicular cambium, that | epidermis, fascicular and intet- 
b cuts secondary xylem towards, | fascicular cambium absent, so 


annual rings are not formed, 


[1] Shorter and more evenly 


[1] Root hair 
t distributed. 


{1} Long and restricted to one 
area, g 


[2] Exodermis (2) Present. {2} Absent. 
[3] Cortex [3] Cells are large with bigger | {3} Cells are smaller with smal- 
. intercellular space. ler intercellular space, 
[4] Pericycle [4] Develops the lateral roots, | [4] Develops the lateral co 
cambium and cork cambium, | only. 
[5] Vascular bund ‘ 
[a] Number {a} The number of bundles {a} The number varies from 
6-8, 
[b] Bast fibres [b] Phloem is de void of bast 
' „ fibres, 
[6] Pith [6] Pith is extremely reduced. (o] Pith is = larger 
k in size, 
[7] Secondary {7} Secondary — 1 is 


[7] The secondary growth may 
be observed. 


growth absent, 
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[K] Dorsiventral leaf and Isobilateral leaf : 


Dorsiventral leaf 
(Usually dicot leaf) 


[1] The lower and upper 
epidermis are structurally 
dissimilar. 


Isobilateral leaf 
(Usually monocot leaf) 


Points of 
Differences 


[1] The lower and upper 
epidermis are structurally 
same. 


[1] Epidermis 


[2] Stomata [2] Stomata present only on [2] Stomata present on both 
the lower epidermis. upper and lower epidermis. 
[3] Mesophyll [3] It is differentiated into [3] Itis largely undifferentiated, 


may be closely associated with 
spongy parenchyma cells. 

[4] Bundle sheath is conspicu- 
ous. 

[5] Usually sclerenchymatous 
in nature. 

[6] Usually present towards the 
centre in between palisade and 
spongy parenchyma cells. 


palisade and spongy paren- 
chyma cells. 

[4] Present, but not always 
conspicuous. 

[5] Usually parenchymatous or 
collenchymatous in nature, 

[6] Present in between the 
spongy parenchyma towards 
the lower epidermis. 


[4] Bundle sheath 


[5] Bundle sheath 
extension 
[6] Air spaces 


[L] Dicot stem and Dicot root : 


Points of 
Differences 


[1] Cuticle 


Dicot root 


[1] Present as a thick layer 
outside epidermis. 

[2] Multicellular epidermal hairs 
present. 

[3] Collenchymatous hypoder- 
mis present. 


[1] Absent and the epidermis 
is termed as epiblema. 

[2] Unicellular, long root hairs 
come out from the epiblema. 
[3] Hypodermis is absent. 


[2] Hairs 


[3] Hypodermis 


[4] Cortex [4] It is reduced. [4] Large parenchymatous 
cortex present. 
[5] Endodermis [5] Distinct endodermis present, [5] Endodermis is prominent, 


containing starch grains and 
hence called starch sheath. 
[6] They are absent. 


but it is without starch grains. 


[6] Casparian [6] They are present along with 


strips intermediate passage cells. 
[7] Vascular bundles 
[a] Number [a] Many vascular bundles [a] Number of vascular 
arranged in a ring. bundles are less, i. e., 2-5 in 
2 number. 
[b] Type [b] The vascular bundles are [b] Radial vascular bundles. 


conjoint, collateral or 
bi-collateral open type. 

[c] Presence of fascicular 
cambium causing secondary 
growth. 


which are of closed type. 


[c] Cambium [c] Absent, may be formed at 


a later stage. 
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Points of 


2 to t 
Differences Dicot root 


[d] Xylem [d] Xylem is endarch i.e., meta- | [d] Xylem is exarch, i.e., 
xylem towards the periphery metaxylem towards the centre, 
and protoxylem towards the while protoxylem towards the 
centre. periphery. 

[e] Phloem [e] Phloem remains on the outer| [e] Phloem remains in 

j side of the xylem only, included | alternate patches with xylem. 
phloem present in gourd. 

[8] Pith [8] Pith is well developed in the IS] Pith is reduced in primary 
primary stem. root. 

[9] Secondary [9] Secondary growth is well lo] Secondary growth is obser- 

growth developed and forms the annual | ved, but not very pronounced 


ring. as that of dicot stem. 


[M] Monocot stem and Monocot root : 


Differences 


Monocot root 


[1] Cuticle [1] Cuticle is present. [1] Absent. 

[2] Epidermal [2] Absence of epidermal hairs.} [2] Projections of the epiblema 
hairs in the form of unicellular hairs. 

[3] Hypodermis [3] Sclerenchymatous [3] Hypodermis absent. 


hypodermis present. 
[4] It is not differentiated into 
cortex and pith. 


[4] Ground tissue [4] The ground tissue is 
differentiated into cortex and 


pith, separated by endodermis. 


[5] Endodermis [5] Starch grains present. [5] Starch grains absent. 
thickened by casparian strips. 

[6] Vascular 

bundles 

[a] Number [a] Numerous vascular bundles] [a] The vascular bundles are 


6-8 in number. 
[b] The vascular bundles are 
radial and uniform in size. 


scattered in the ground tissue. 
[b] The vascular bundles are 
smaller in the periphery and 
larger towards the centre. 


[b] Arrangement 


[c] Type [c] Conjoint, collateral, closed. | [c] Raidal, closed. 

[d] Xylem [d] Endarch [d] Exarch 

[e] Protoxylem [e] Present. [e] Absent. 

[f] Phloem [f] Phloem remain in between [f] Phloem remain in alternate 
the 2 arms of xylem. patches with xylem. 

[g] Pith [g] Absent. g] Present. 


[h] Secondary growth usually 
absent. 


[h] Extra-stelar secondary 
growth present. 


[h] Secondary 
growth 
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[N] Collateral and Bi-collateral vascular bundle: 


Collateral vascular 
bundle 


Bi-collateral vascular 
bundle 


Points of 
Differences 


[1] Cambium [1] Present as a single patch of | [1] Present as external and in- 
fascicular cambium between ternal cambium towards the 
xylem and phloem. cortex and pith respectively. 

[2] Xylem [2] It is cut off towards the pith.| [2] It is in between the external 

and internal cambium. 

[3] Phloem [3] Only external phloem pre- | [3] Both external and internal 


phloem present, bordering the 
cortex and pith respectively. 


sent bordering the cortex. 


5.11. Matters to Recollect 


r The three major types of tissue systems in plant body are epidermal tissue system. 
vascular tissue system and ground tissue system. oy 

r The epidermal tissue system (.I. S.) originates from protoderm, vascular tissue 
system (VIS.) from procambium, ground tissue system (G. T. S.) from ground 

e The E.T.S. is the outer layer of tissue system meant for protection, the V.T.S. 

helps in conduction of water and translocation of food, while the &. I. S. occupy 

the remaining parts of the plant body. 

The E.T.S. include the epidermal cells, op .ings' and trichomes, epiderinis is 

protected with a thick cuticle, cutin and wax. 

The epidermis of the root is not covered with cuticle and is called the epiblema. 

The epidermis may include various types of specialized cells like motor cell, 

silica cell, lithocyst, myrosine cell erc. 

The various openings of the epidermis are stomata, lenticels and hydathodes. 

The epidermal hairs or trichomes are simple or branched, glandular or non- 

glandular in nature. a 

The root hairs are the unicellular projections of the epiblema helping in absorption. 

The VIS. has the units of vascular bundles composed of xylem, phloem and 

sometimes cambium. 

The vascular bundles may be of different types like conjoint. collateral, bi- 

collateral, open and closed, radial, concentric etc. 

The vascular bundles with cambium are open type, while that without cambium is 

called closed type. 

The first formed and later formed xylem are called protoxylem and metaxylem, 

while the first formed and later formed phloem are called protophloem and 

metaphloem respectively. ) 

e The protoxylem has shorter lumen, thinner wall with annular and Spiral thickenings, 
while metaxylem has bigger lumen, thicker wall, thickened with reticulate and 
pitted thickenings. í 

e Stems have endarch xylem, with metaxylem towards the periphery and protoxylem 
towards centre. 
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Roots have exarch xylem, with metaxylem towards the centre and protoxylem 
towards periphery. 

Leaves have mesurch xylem, where there is no distinct arrangement of metaxylem 
and protoxylem. 

ent central cylinder of vascular tissues surrounded by the endodermis is called 
stele, 

The first formed stele is protostele, which gradually develops into siphonostele, 
with the appearance of the pith. 

The siphonostele gets dissected due to the appearance of leaf traces and it is 
called dictyostele and the most advanced stele is atactostele, found in monocot 
stem, 

‘The part of the vascular cylinder going to the leaves is called leaf trace and because 
of this, it forms the leaf-gap in the vascular cylinder. 

The part of the vascular cylinder going to the branches are called the branch 
traces and likewise the branch gaps are formed. 

The ground tissue include the hypodermis, cortex, pith, medullary rays and 
mesophyll tissue. 

The ground tissue is differentiated into extra-stelar cortex and intra-stelar pith, 
separated by the endodermis in dicot stem and root, but it is undifferentiated in 
monocot stem, 

The hypodermis may be collenchymatous or sclerenchymatous, present in stem 
but absent in roots. 

The cortex include large parenchymatous cells with massive intercellular space, 
larger in root, less pronounced in stem. 

The endodermis is provided with radial thickenings called casparian strips with 
passage cells in between, helping in absorption of water, 

‘The inner layer of tissue adjacent to the endodermis is called pericycle. 

‘The strips of parenchymatous cells in between vascular bundles in dicot stem is 
called medullary rays, which may develop into inter-fascicular cambium. 

The pith is present in primary tissue, usually disappears during secondary growth, 
Ground tissue of the leaves are called mesophyll tissue. 

In dicot stem, the vascular bundles are arranged in a ring, they are conjoint, 
collateral-open, (bi-collateral in gourd), 

In monocot stem, the vascular bundles are scattered, smaller and more in number 
towards the periphery, while larger and less in number towards the centre, 
Xylem remain in V shaped configuration with phloem in between, protoxylem 
dissolves at a later stage forming the protoxylem cavity. 

‘The vascular bundles are protected by sclerenchymatous bundle cap in dicot stem 
and bundle sheath in monocot stem. 

The vascular bundles are radial in case of roots. 

The number is 2 — 5 in dicot root and 6 — 8 in case of monocot root. 

The pith is more reduced in dicot root in comparison to monocot root. 
Secondary growth may be observed in dicot root, but not in monocot root. 

The mesophyll tissue in dorsiventral leaf is differentiated into palisade and spongy 


parenchyma, 
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he stomata is present only on the lower epidermis in dorsiventeal leaf, but on 
both upper and lower epidermis in isobilateral leaf. 

®© The mesophyll tissue is undifferentiated in isobilateral leaf with air spaces mostly 
remaining near the centre, 

© The vascular bundles are conjoint and closed, bundle sheath more developed in 
monocot leaves, 

he motor cells cause rolling of the upper epidermis in the leaves of grasses. 

"© The stomata in Nerium leaves is sunken in pits, protected by epidermal hairs. 

r The vascular bundles usually vary in size, depending upon the size of the veins, 


5.12. Summary 


The tissue system of plants’ are of three types Le, Epidermal tissue system 
(E. I. S.); Vascular tissue system (VS.) and Ground tissue system (.S.). They 
originate from the protoderm, procambium and ground meristem. The E. NS. includes 
the epidermis, its constituent cells, epidermal trichomes’ and epidermal openings. 
The epidermis include barrel-shaped cells without intercellular space and there may 
be various other types of cells like motor cells, silica cells, lithocysts, myrosine 
cells ete. The epidermal openings include stomata and water stomata, present in 
primary structure and lenticels present in secondary structures. The trichomes are 
multicellular, which may be branched or acquire various complex forms, sometimes 
the trichomes may be associated with glands. The root epiblema contains the root 
hair and they are devoid of cuticle. The vascular tissue system helps in the conduction 
of water from the soil and translocation of prepared food. The units of VTS. is 
vascular bundle, composed of xylem and phloen and sometimes cambium, helping 
in secondary growth. The vascular bundles may be of different types, like conjoint- 
collateral (open or closed) and bi-collateral in stem, radial in roots. The individual 
entities of vascular bundles are lost during secondary growth. The vascular cylinder 
enclosed by the endodermis is termed as stele. The most primitive and simple stele 
is the protostele, found in pteridophytes, which develop the pith at the centre to 
form the siphonostele, the appearance of leaf gaps in a siphonostele forms the 
dictyostele, the presence of dictyostele in more than one concentric ring is called 
polycyclic-siphonostele and finally they are scattered in the ground tissue to form 
the atactostele of the monocot stem. The first formed xylem and phloem are called 
protoxylem and protophloem respectively with smaller lumen and the later formed. 
xylem and phloem are metaxylem and metaphloem having broader lumen. In stem, 
the xylem arrangement is endarch, ie., metaxylem towards periphery and protoxylem 
towards centre, but in roots, the, xylem is exarch, ie., metaxylem towards centre 
and protoxylem towards periphery, In leaves, the arrangement is in between exarch 
and endarch and is called mesarch. The G.T.S. include the hypodermis, cortex, 
pith, endodermis, pericycle and medullary rays. The hypodermis is collenchymatous 
in dicot stem and in monocot stem it is sclerenchymatous in nature. The cortex is, 
massive in root but comparatively less in stem. The ground tissue is differentiated 
into cortex and pith in dicot stem but in monocot stem, it is undifferentiated. The 
endodermis contains starch, it is supported by casparian Strips with passage cells. 
The pericycle is the parenchymatous layer following the endodermis. The medullary 
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rays are parenchymatous cells in between the primary yascular bundles in dicot 
stem, which later develop into interfascicular cambium, helping in secondary growth, 
In dicot stem, the vascular bundles are arranged in a ring, they are conjoint, collateral, 
open, bi-collateral in gourd stem. In monocot stem, the vascular bundles are conjoint, 
collateral closed, the protoxylem elements dissolve to form the protoxylem cavities. 
The peripheral bundles are smaller in size and more in number, while the central 
ones are larger in size and less in number. In dicot roots, there are 2-5 vascular 
bundles with a scanty pith, but in monocot root, the vascular bundles are 6-8. in 
number with a larger pith. The leaves have conjoint, closed vascular bundles. In 
dorsiventral leaves (found mostly in dicotyledons), the mesophyll tissue is 
differentiated into palisade and spongy parenchyma, the stomata are present only 
on the lower epidermis, Air Spaces are present mostly in between the spongy 
parenchyma bordering the lower epidermis, In the isobilateral leaves of the 
monocotyledons, stomata are present on both the epidermis, The air spaces mostly 
remain towards the centre and usually have uniform size. There are some specialized 
cells in the upper epidermis of grasses called bulliform cell or motor cell, which 
helps in the rolling of the upper epidermis giving protection, Sometimes the leaves 
may have sunken stomata, as in case of Nerium leaves, moreover the presence of 
epidermal hairs near the mouth of the pit prevent transpiration, |” 


5.13. Naming / Discovery / Discoverer 


i] Scott, D. H. and Brebner, G. (1891) demonstrated the structure of intemal 
phloem in dicotyledons for the first time. f 
[2] Copeland, E. B. (1902) demonstrated the mechanism of stomatal function. 
[3] Jeffrey, E. C. (1903) described the structure and development of stele in carly 
formed vascular plants like pteridophyte and gymnosperms, 
[4] Lewton-Brain, L. (1913) described the anatomy of grass leaves, 
5 Sinnott; E. W. (1914) described the anatomy of nodes including the leaf traces 
and leaf gaps in angiosperms, l 
[6] Bailey, I. W. (1915) described the structure of xylem vessel wall and the bordered 
pits in conifers, 
[7] Gerry, E. (1915) demonstrated the development and structure of xylem fibres 
in unpiosperms. ‘ 
[8] Baily, I. W. (1920) demonstrated the development of cambium and its role in 
angiospermic plants. g 
~ [9] Frost, F. H. (1929) gave the description of the histological structures of 
angiospermic wood. „ 
[10] Bond, G. (1930) showed the pattern of development of endodermis in 
angiospermic plants. 
[11] Carmack, R. G. H. (1935) showed the developmental pattern of root hairs in 
angiospermic plants. > 
[12] Foster, A. S. (1936) showed the leaf differentiation pattern in angiosperms: 
[13] Esau, K. (1938) gave an elaborate account on ontogeny and structure of phloem 
elements in angiospermic plants. 
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Satina, S. Blakeslee, A. F. and Avery, A. G. (1940) showed the differentiation 
of three germinal layers in the shoot apex of angiospermic plants, 

Brooks, R. M. (1940) described the internal anatomy and histology of root 
apices of angiosperms. 

Barghoorn, F. S. (1940) demonostrated the ontogeny and phylogeny of the 
xylem elements in angiosperms, 

Ball, E. (1941) pointed out the various mechanisms of thickenings of primary 
meristematic cells, 

Cheadle, V. I. (1942) gave the structural descriptions of the different types of 
xylem elements in monocotyledonous plants, 


5.14. Answers to Special Questions 


{1} 
Ans, 


120 


What is the nature of water lost through hydathode ? 

The water is in liquid form containing dissolved salts and so it is also called 
metabolic water. 

What are included phloem ? 


Ans. The patch of phloem remaining within the xylem tissue in a bi-collateral vascular 


[3] 
Ans. 


bundle of gourd is called included or internal phloem. 

Name the plants with motor cells. 

The members of the grass family or graminae like paddy, wheat erc. 
What are the two types of xylem parenchyma ? 

Axial parenchyma and ray parenchyma. 

Name the most primitive and the most advanced stele. 
Haplostele and atactostele. 

What are the thickenings observed in protoxylem 2 alaco: 
The protoxylem elements usually have annular and spiral thickenings: 
Name a plant with glandular trichomes, 

Urtica. 

In which particular plant structure, vascular bundle is present (a) Thorn, 
(b) Prickle, (e) Spine. J. E. E. 1989 
Vascular connection is present in thorn, because it is a metamorphosed aerial 
stem. 

What is procambium or plerome ? 

Procambium or plerome is the part of meristematic tissue that forms the vascular 
tissue system is higher plants. t 

What are the different parts of ground tissue ? 

Ground tissue includes hypodermis, cortex, endodermis, pericycle, medullary 
rays, pith and also mesophyll tissue. 

What are the functions of bulliform cells or motor cells ? 

They help in storage of water, hygroscopic movement of leaves, unrolling of 
maturing leaves. 

What is multiple epidermis ? What is its function ? 

When the single layer of epidermis forms a multilayered structure by undergoing 
periclinal division, it is called multiple epidermis, It may help in storage of 
excretory materials like cystolith in Ficus, it helps in absorption of moisture in 
the form of velamen in arial roots of orchids. 
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[13) What are colleters ? 

Ans. They are multicellular trichomes with a globose head and tubular stalk, that 
produce a sticky secretion meant for protection e.g. Viola. 

[14] What are casparian strips ? State their functions. 

Ans. They are, band: like thickenings on the anticlinal wall of the endodermis, formed 
of lignin and suberin, giving mechanical strength to the endodermis, 

[15] Name three plants having hydathode. Y 

Ans. Colocasia, Primula, Lycopersicon. 

[16] What is mesarch xylem ? 

Ans. The arrangement of xylem, in which protoxylem remains at the centre and the 
metaxylem are cut off both centripetully and centrifugally, is called mesarch 
xylem, It is found in the leaves. 

[17] How are annual rings formed ? 

Ans. The fascicular and interfascicular cambium join with each other to form the 
annual ring, that cut off secondary xylem towards the centre and secondary 
phloem towards periphery. The xylem elements cut off during, spring include 

p: large vessels, while that formed during winter are smaller xylem elements and 
they together form the annual ring. bmn 

[18] What are heart wood and sap wood ? 

Ans. The central dark coloured wood with lignified wall showing no conduction of 
water is known us heart wood, which mostly include dead xylem elements, The 
peripheral living xylem elements with less lignified wall, capable of showing 
conduction of water is called sap wood. 


Ree Web es clot ton ug favourable oni cban S ne 


xylem vessels are called carly wood or spring wood. But the xylem elements 
cut off during unfavourable condition, consisting of smaller xylem elements 

lle tracheid und purenchyma are Called late wood or autumn wood. 

20 What is rhizodermis ? 

Ans. [tis the other name for the epiblema of root, devoid of cuticle. 

21] What is exodermis ? 

Ans. The specialized layer of collenchymatous cells with suberised cells in between 

me cortex and the velamen in the aerial roots of orchid is termed as exodermis. 

(22) What is ectodermata ? 

Ans. ‘The cytoplasmic connections through pores present on the outer wall of leaf 
epidermal cell is called ectodermata. à 

[23] Why the leaf surface of grass leaves appear needle like ? 

Ans. ‘The upper epidermis of grass leaves appear needle-like due to impregnation of 

Vinca crystals. 

(24) What are dumb-bell cells? 

Ans. The dumb-bell shaped guard cells of monocot leaves and osteosclereids present 

in some dicot leaves are also called dumb-bell cells. 

[25] How can stomata be classified on the bais of the pattern of subsidiary cells ? 

Ans. The stomata may be classified into 4 major types. 
ij Anomocytic—When the subsidiary cells are irregularly arranged and they 
Appear similar to other epidermal cells, 
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[2] Anisocytic—The guard cells are surrounded by 3 subsidiary cells, two small 
and one large. 

[3] Diacytic—The subsidiary cells are parallel to guard cells. 

[4] Paracytic—The subsidiary cells are parallel to the guard cells. 


[26] Name a plant leaf, where the stomata is devoid of subsidiary cells. 


An 


s. Iris leaf. 8 


[27] What is water-sac ? 


An 


s. They are specialized vesicles associated with the epidermis of ice plant storing 
Water. 


[28] What are trichoblasts 2 


An 


s. The cells of the epible ma. that produce the root hairs are called trichoblast. 


[29] What are primary and secondary endodermis ? 
Ans. The stem endodermis are thin-walled, containing starch and are called primary 


endodermis. But the root endodermis are thickened with casparian strips and 
are called secondary endodermis. 


[30] What are passage cells ? 
Ans. The thin-walled parenchymatous cells located in between the casparian strips 


of root endodermis, lying opposite to protoxylem elements, are called passage 
cells. 


[B1] What is pith-ray ? 
Ans. It is the other name for medullary ray, present in between the primary vascular 


bundles of dicot stem. 


Oe ee EXERCISE ee ee a a a a n a a a 
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@ A. Long Answer Type Questions : 
] What is vascular bundle ? Wat are the different types of vascular bundles ? Distinguish between 
the vascular bundles of dicotyledonous and monocotyledonous stem. 
(Ans. 5.6, S. b. I, 5.10) 
Distinguish between the transverse sections of dicotyledonous and monocotyledonous stem. 
i (Ans. 5.10) 
] Mention the different types of vascular bundles in angiospermic plants. (Ans. 5.6.1) 
] Differentiate between the tissue systems of dicotyledonous and monocotyledonous leaves. 
(Ans. 5.10) 


[5] What do you mean by vascular bundles ? State the differences between the vascular bundles of 


dicotyledonous and monocotyledonous stem. (Ans. 5,6.1, 5.10) 


[6] What is tissue system? How many types of tissue systms are there in plants ? Describe the 


tissue system of dorsiventral leaf with diagram. (Ans. 5.2, 5.3, 5.6) 


[7] Whatis a conducting tissue system ? What is the main difference between the vascular bundles 


of roots and stems ? What do you mean by closed: collateral and open-collateral bundles ? 
(Ans. 5.3, 5.10, 5.6) 


[8] What is vascular bundle ? Describe the different types of vascular bundles of plants, 


(Ans. 5.6) 


[9] Describe with the help of a labelled sketch, the internal structure of a dorsiventral leaf. Write its 


difference from an isobilateral leaf on the basis of internal structures. (Ans. 5.9, 5.10) 


[10] With the help of a labelled sketch, describe the internal structure of an isobilateral leaf. 


(Ans. 5.9) 


Ii] Describe with the help of a labelled sketch, the internal Structure of a monocot root, Indicate its 


differences from that of a monocot stem. (Ans. 5.9.5) 


{12] 
{13} 
[14] 


151 
[16] 
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What is a tissue system ? With the help of a labelled sketch, describe the tissue system ofa 
dicot stem, (Ans. 5.2) 
What are ie components of the vascular bundles. ? State the functions of each component, 
With the help of drawings, describe the different types of vascular bundles in the stems of 
dicotyledonous plants. IJ. E. E. 1980](Ans, 5.6, 5.6.1) 
Give the internal structures of leaves with motor cell and sunken stomata. (Ans, 5.9) 
Describe the internal structures of a stem with bi-collateral vascular bundles, (Ans. 5.9) 
What is stele ? State the different types of stele. How stelar evolution has taken place ? 

(Ans. 5.6, 5.6.1) 


oh. Short Answer Type Questions: 


iW 
121 
BI 


[4] 
151 


(6) 


(7) 
81 
— 
110 
ma) 
[12] 
1131 
1140 
151 


State two internal morphological differences between dicotyledonous and monocotyledonous 


plants. IJ. E. E.] (Ans, 5.10) 
What is a vascular tissue system ? Mention the various types of cells by which itis formed and 
their functions. (Ans, 5.53) 


Distinguish between the open and closed vascular bundles with suitable examples, 
[J.E.E. 1985](Ans, 5.6,1) 
What is radial vascular bundle ? Where is it found ? [T.H.S. 1986] (Ans. 5.6.1) 
Name the types of concentric vascular bundles and mention where they are found? 
t IJ. E. E. 1984] (Ans. 5.10) 
Mention the points of anatomical diferences between a stem and a root. 
[J.E.E. 1984] (Ans. 5.10) 


What is a cambium ? What are its functions ? [J.E.E. 1984] (Ans. 5.5.3) 
Write the charactristics of the transverse section of a monocot stem. I. I. S. 1984] (Ans. 5.9) 
How the different tissue systems in plants have originated ? (Ans. 5.4) 
What are leaf traces and leaf gaps ? (Ans. 5,7) 
What are branch traces and branch gaps ? (Ans. 5.7) 
What are internal or included phloem ? (Ans, 5.9) 
State the various functions of bulliform cells. (Ans, 5.9) 
What is bundle sheath ? (Ans. 5.9) 


What do you mean by leptocentric and hadrocentric vascular bundles ? Cite examples. 
[J.E.E. 2001] (Ans, 5.6) 


C. Very short Answer Type Questions: 


111 
121 
[3] 
[4] 
[5] 
[6] 
17] 
[8] 
[9] 
10) 
ma) 
1121 
1131 
1141 
151 
[16] 
(17) 
{18] 
[19] 
120] 
121 


What is multiple epidermis ? (Ans. 5.51) 
What is a lithocyst ? (Ans. 5.51) 
What is a trichome ? (Ans. 5.51) 
What is vascular bundle ? (Ans. 5.5.3) 
What is an endodermis ? (Ans. 5.5.2) 
What is an epiblema ? (Ans. 5.5.1) 
What is a protoxylem cavity ? (Ans. S. S. I) 
What is a stele ? (Ans. 5.8) 
What is the function of bundle sheath ? (Ans. 5.9) 
What is a bundle cap ? (Ans. 5.9) 
What is a casparian strip ? (Ans. 5.9) 
What is an exodermis ? (Ans. 5.5.2) 
What is mesophyll tissue ? (Ans. 5.5.2) 
What is metaxylem ? (Ans. 5.5.3) 
What is protoxylem ? (Ans. 5.5.3) 
What is protophloem ? (Ans. 5.5.3) 
What is a stoma ? (Ans. 5.5.1) 
What is a bulliform cell? (Ans. 5.5.1) 
What is piliferous layer? (Ans, 5.5.1) 
What is solenostele ? (Ans. 5.8) 
How is dictyostele advance over solenostele ? (Ans. 5.8) 
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[22] What is velamen ? 


[23] State the xerophytic adaptations of Nerium leaf. 
[24] Namea plant organ where endodermis is absent. 
[25] In which type of leaf, stomata is present only on the lower surface ? 


. Write Short Notes on: 
[1] Bi-collateral vascular bundle. 


[2] Collateral and open vascular bundle. 
[3] Collateral and closed vascular bundle. 


[4] Epiblema. 

[5] Cystolith. 

[6] Hydathode. 

[7] Sunken stomata. 
[8] Palisade parenchyma, 
[9] Spongy parenchyma. 
[10] Stele. 

[11] Plectostele. 

[12] Haplostele. 

[13] Amphiphloic siphonostele. 
[14] Atactostele. 

[15] Protostele. 

[16] Siphonostele. 

[17] Actinostele. 

[18] Polystele. 

[19] Metaphloem. 

[20] Annual ring. 

[21] Ground tissue, 

[22] Bulliform cell. 

[23] Epithem. 

[24] Leaf trace, 


E. Distinguish between: 


[1] Collateral and Bi- collateral vascular bundle. 


[2] Stem hair and Root hair, 

[3] Stomata and Water stomata, 
[4] Epidermis and Epiblema. 
[5] Endarch and Exarch xylem, 
[6] Protoxylem and Metaxylem. 


[7] Open and Closed vascular bundle, 
[8] Palisade and Spongy parenchyma. 
[9] Bundle cap and Bundle sheath, 


[10] Lithocyst and Cystolith. 

[11] Leaf gap and Branch gap. 
[12] Leaf trace and Branch trace. 
[13] Endodermis and Hypodermis. 


[14] Dorsiventral and Isobilateral leaf. 


[15] Epidermis and Endodermis. 


E. Multiple choice type questions: 
[1] Loss of water vapour in plants occurs th 
[2] Loss of water in liquid form takes 
[3] The cells helping in the rolling of gı 


guard cells. 


(Ans. S. S. I) 
(Ans. S. 9) 


J. E. E. 2001] (Ans. S. 9) 


UI. E. E. 2001] (Ans. 5.9) 


(Ans. S. 6) 
(Ans. S. 6) 
(Ans. 5.6) 
(Ans. S. 6) 
(Ans. 5.5.1) 
(Ans. 5.5.1) 
(Ans, 5.9) 
(Ans. 5.5.2) 
(Ans, 5.5.2) 
(Ans. 5.8) 
(Ans. 5.8) 
(Ans. 5.8) 
(Ans. 5.8) 
(Ans. 5.8) 
(Ans. 5.8) 
(Ans. 5.8) 
(Ans. 5.8) 
(Ans, 5.8) 
(Ans, 5.5.3) 
(Ans. 5.5.3) 
(Ans. 5.2) 
(Ans. 5.5.1) 
(Ans, 5.5.1) 
(Ans. 5.8) 


(Ans. 5.10) 
(Ans, 5.10) 
(Ans, 5.10) 
(Ans, 5.10) 
(Ans. 5.10) 
(Ans. 5.10) 
(Ans, 5.10) 
(Ans. 5.10) 
(Ans. 5.9) 
(Ans. 5.5.1) 
(Ans. 5.8) 
(Ans. 5.8) 
(Ans. 5.5.1, 5.5.2) 
(Ans. 5.10) 
(Ans. 5.10) 


rough stomata / lenticel / cuticle / all of them. 
place through stomata / lenticel / Cuticle / hydathode. 
rass leaves are called motor cells myrosĩne cells /lithocysts/ 


[4] Protostele is distinctly observed in pteridophytes / gymnosperms / angiosperms / algae. 


[5] 
[6] 
[7] 
[8] 
[9] 
[10] 
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Siphonostele dissected by leaf gaps are called plectostele / actinostele / dictyostele / polystele. 
Bi-collateral vascular bundle is a characteristic features of gourd / grass / sunflower / jute. 
Sunken stomata is found in rice / wheat / Nerium / tuberose. 

The bundle cap is formed of parenchyma / collenchyma / sclerenchyma, 

The lenticels are present in root / stem / leaf / bark, 

The number of vascular bundles present in monocot roots are 6 — 8/2 5/10 12/8 10. 


. Fill in the blanks 7 


11 
[2] 
[3] 
[4] 
[5] 
[6] 
[7] 
[8] 
[9] 
110] 


Sunken stomata is present in 

The cells accompaning stomata are called 

The cells of the epiblema having root hairs are called 

The stele with scattered vascular bundle is 

The other name for water stomata is 

The leaves usually have xylem. 

The vascular bundles of dicot stem is and open. 


In dicot root, xylem and phloem are separated by. tissue. 
The roots have. vascular bundle. 
The vascular bundle of gourd has, phloem. 


H. Put / mark on Ves / No for correct answer: 


1 
[2] 
131 
[4] 
[5] 
[6] 
[7] 
[8] 
[9] 
[10] 


The leaves have conjoint, open vascular bundle. Ves / No. 
The dicot root may show secondary growth, s Yes / No. 
Guard cells are absent in hydathodes. es / No. 
Lenticels contain xylem endings. Ves / No. 
Leaves have endarch xylem. tue Yes / No. 
Glanduülar'hairs are present in Urtica. Ves / No. 
Inter fascicular cambium develop in the medullary rays. , Yes/No, 
Silica cells are present in grass. Ves / No. 
Gourd stem has a central hollow cavity in place of pith. . Yes/No, 
The leaves of Nenum contains cystolith crystals. „Ves / No. 


Answer to O. No. F, G and H 


[1] all of them. [2] hydathode. [3] motor cell. [4] pteridophytes. [5] dictyostele. 


[6] gourd. [7] Nerium. [8] sclerenchyma. [9] bark. [10] 6 = 8. 


III Nerium. [2] subsidiary cells. [3] trichoblast. [4] atactostele. [5] hydathode, 


[6] mesarch. [7] conjoint, collateral, [8] conjunctive. [9] radial. [10] included, 
III No. [2] Yes. [3] Yes. [4] Yes. [5] No. [6] Yes. [7] Yes. [8] Yes. [9] Yes. [10] Yes. 


MORPHOLOGY OF ANGIOSPERMS 


INTRODUCTION 
The word Angiosperms comes from the word Angios = case and Spermea = 
seed, i.e., they are covered seeded plant. These plants are so called because they 
produce seeds enclosed within the fruits. On the basis of the number of cotyledons, 
they are classified as monocotyledonous (single cotyledoned) and dicotyledonous 
(two cotyledoned) plants. These plants also exhibit alternation of generation, but it 
is not very pronounced, because the gametophytes are extremely reduced and 
sporophytes are predominant and differentiated into root, stem and leaves as the 
vegetative organs and the flowers as the reproductive organs, The flowers usually 
follow a definite pattern of arrangement i.e., inflorescence, and are divided into the 
accessory whorls and essential whorls. The accessory whorls include calyx and 
cofolla, while the essential whorls include the male androecium and female 
gynoecium. The flower reproduces by sexual means and it involves the transfer of 
pollen grain from anther to stigma by pollination, followed by the process of internal 
fertilization. In this case the first male gamete fertilizes the ovum to produce the 2n 
zygote, while the second male gamete fertilizes the 2n fusion (definitive) nucleus to 
produce the 3n endosperm nucleus. After fertilization, the entire ovary forms the 
fruit and the ovule forms the seed. The zygote develops into the embryo within the 
ovule, which derives its nourishment from the endosperm tissue. The matured seed 
gets dispersed on maturity from the parent plant and germinate to product a new 
sporophyte. The first structure to come out, is the young root or the radicle and the 
second is the young shoot or plumule. The radicle develops the tap root system or 
fibrous root system and the plumule develops into the stem. The stem bears the 
leaves, flowers, fruits and seeds and thus the perpetuation of the life cycle takes 
place. 

In the next seven chapters (chapter 6-11), the various aspects of the morphology 
of angiosperms are discussed, which include the root, stem, leaves, inflorescence, 
flower, pollination and fertilization, fruits and seeds. In order to discuss these topics 
in exhaustive manner, they have been considered in separate chapters. 


196 


Root 


Topics Discussed z Introduction, Characteristics of roots, Types of roots, Parts of a typical root (tap root) and 
their functions, Normal and special functions of roots, Modification of roots, Modified tap root, Modified 
adventitious roots due to mechanical and physiological functions, Synopsis, Comparative discussions. 


6.1. Introduction 


The root is the first structure to emerge from a germinating seed in the form of a 
radicle. It is positively geotropic and goes deep down into the soil in the form of the tap 
root, fixing the plant with the substratum and absorbing water and nutrients from the 
soil. The tap root may be degenerating at an early stage of development and itis replaced 
by a tuft of adventitious roots. The roots also 
exhibit negatively phototropic and positively 
hydrotropic movement. Sometimes the root 
may exhibit positively phototropic 
movement, as in case of the breathing roots 
of mangrove plants like Heritiera. Though 
it should be kept in mind that any z 
underground structure of plant body are not 
roots and there may be some underground 
modified stems like tuber, bulb erc. In 
addition to their normal functions of 
anchorage and absorption, roots store food, 
help the plant to propagate by vegetative 
means and also can prepare food by 
photosynthesis as in Tinospora. Some “* 
aquatic plants like Wolfia, Utricularia are devoid of roots, while some plants like 
Monotropa have roots only, stem is virtually absent. The various aspects of angiospermic 
roots are considered in the ongoing paragraphs. 


Radicle 


Secondary Root 
Tertiary Root 
Primary Root——= 

(Tap Root) 


Tap Root system 


Fig. 6.1 : Root: [A] Radicle, [B] Tap root system. 


6.2. Definition 

The root is the descending axis of the plant that develops, from the radicle, performing 
the function of absorption of water and nutrients and fixation of the plant to the 
substratum. 


6.3. Characteristics of Root 
[1] The root is the descending axis of the plant developing from the radicle 
[2] It is positively geotropic and hydrotropic and negatively phototropic in nature 
unlike the plumule, which forms the stem and is positively phototropic in nature. 
[3] The root is colourless or non-green, due to the absence of chloroplast. 
[4] They contain leucoplast and help in storage of food. 
197 
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[5] They are undifferentiated into nodes and internodes. 
[6] They do not contain leaves, buds or flowers. 
[7] There are two types of roots, że., tap root and adventitious roots. 
[8] The root is differentiated into Toot-cap, growing region, root hair zone and the 
permanent zone. 
9] The root-caps or the root pockets protect the root apices. 
[10] The zone of elongation contains the meristematic cells, which helps in the 
growth of root. 
11] The root hair zone contains unicellular, exogenous tubular projections of 
blema called root hairs, which help in the absorption of water. 
12] The permanent region contains the permanent tissue, which is not in the active 
State of division. 

L13] The normal function of the root is attachment, absorption and storage. 

[14] The special functions of the root include assimilation, absorption of air, 
mechanical support, providing epiphytic or parasitic adaptation. 


ep. 


6.4. Types of Roots 


On the basis of the origin of root, it may be classified into two major types and they 
are true root and adventitious roots. 

[a] True or normal root: Definition : The roots which develop directly from the 
radicle or its branches are known as true roots. 

The radicle going deep into the soil forms the primary root in dicot plants, the 
primary roots give rise to 
lateral branches known as 
secondary roots and in turn 
they give rise to tertiary 
roots acropetally and 
obliquely forming the tap 
root system e.g, mango, 
banyan, pea etc. 

[b] Adventitious root: 
Definition : The roots which 
do not develop from the 
radicle, but from other parts 
of the plant is known as 
Fig. 6.2 Adyentitious Roots: [A] Seminal root, [B] Fibrous root, @4ventitious roots, In this 

case the radicle degenerates 


following types : 


[1] Cauline roots : (True adventitious roots) : The adventitious roots that develop 
Solitarily or in groups either from the internodes or from the nodes of stems are called 
cauline roots or true adventitious roots. e.g. Oxalis, Hydrocotyle, banyan, water hyacinth 
etc. 

[2] Fibrous roots: A cluster of fibre-like roots, that develop from the base of the 
plumule after the death of the primary roots are known as fibrous roots e.g. grasses. 
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In monocot plants, the primary tap root developing from the radicle dies at an early 


stage of development. The 


primary roots developing from 
the base of the radicle in this 
case, is called seminal root. 
These roots also die off with the 
further development of the plant 
and is replaced by a cluster of 
fibrous roots developing from 
the base of the plumule or the 
lowest node. e.g. wheat, paddy. 

[3] Foliar roots: The 
adventitious roots that develop 


from the various parts of leaves 
like leaf margin and petiole are 


Fig. 6.3 : Foliar root: [A] Bryophyllum, [B] Bignonia. 


called foliar roots. e.g. Bryophyllum, Bignonia. This also helps the plants to propagate 


by vegetative means. 


6.5. Parts of a Typical Root 


In general, any root is divided into five major regions, these regions from the apex 
to the base of the roots are Root cap region, Meristematic region, Elongation region, 
Root hair region, Permanent region. These regions are distinctley demarcated from 
each other and usually do not get mixed. 


[1] Root-cap region : 


[a] Location : They are present at the tip of the root and commonly known as root- 


cap or calyptra. 


WA 
ijf 
sli ö 
il PW Multiple 
it “i Root-cap 


Fi 8.64 : Types of root-caps h 
[A] Simple, [B] Multiple, [C] Root pocket. 


[b] Structure : 

li! The root+cap. is multicelluar, 
developing from the normal mass of 
meristematic cells of protoderm or from a 
specialized mass of meristem outside the 
protoderm called calyptrogen. 

[ii] Incase of damage by friction with soil 
paticles, the root-cap is renewed by a new 
growth. 

[iii] The root-caps are mainly of two 
types, i.e., simple consisting of a single root- 
cap as in pea or multiple. consisting of many 
root caps arranged in succession, as in 
screwpine. 


[iv] In case of aquatic plants, where the roots are subjected to less friction, the root- 
caps are replaced by root pockets, which are thin, delicate, cap-like covering of the 
root that do not degenerate e.g. Pistia, Lemna etc. 


[c] Functions : 


[i] Protection of the delicate root tip from friction or any kind of damage. 
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lii] Secretion ofa slimy substance that helps in the penetration of the root through 
the soil particles. 


[2] Meristematic region or region of cell division: l 


; mo S.C [a] Location : This delicate regions 
| bermanent is just behind the root-cap region and a 
N Kegion ` d few millimetres in length. 
S Secondary Root [b] Structure í 
\ =— Tertiary Root li) The cells are actively dividitig 
a) meristematic cells. 
Root hair ti] They have dense cytoplasm, a 
Region large nucleus and no intercellular space, 
[iii] They add up new cells for the the 
growth of the root. 
nd enna 8 [c] Functions : [i] The cells divide 
ith | l ? png repeatedly, adding up new cells a! the 
4 antefior and posterior end. 
90 75 lii] The anterior cells add to the root- 
ee pith cap, while the posterior ones form the next 
Fig. 6.5 : Different regions of a tap root. successive region. K 9 
[3] Region of elongation : 


la] Location: A very small zone lying just behind the region of cell division, 

[b] Structure : [i] The cells increase in volume, undergoes elongation and 
enlargement. ng 

[ii] The differentiation of three layers, ie., protoderm, procambium and ground 
meristem takes place in this area. í i 

[c] Functions: [i] Elongation of the root takes place. 

[ii] The differentiation of root takes place. 

[4] Root hair or piliferous region : į Í 

[a] Location : The region is well differentiated just behind the zone of elongation. 
[b] Structure = i] The entire region is covered with numerous, multicellular root 
hairs. | 

[ii] The region is more or less constant in a root. ` 

liii] They show continuous loss of older roots due to friction with soil particles and 
appearance of new roots take place in their place. | 

[c] Functions: [i] They help in absorption of water and nutrients from the soil. 

[ii] They provide attachment of the plant with the substratum, particularly for young 
herbaceous plants, € : < 

[5] Permanent region : 

[a] Location’: The entire length of the root behind the root hair region belongs to 
permanent region. : 

[b] Structure : ſi]j The cells are not in active státe of division; 

[ii] They attain permanent shape, size and configuration. 

[iii] They produce the lateral, secondary and tertiary roots in acropetal succession. 

[iv] The wall of these cells may show secondary thickening. 

[c] Functions: [i] They produce the permanent anchorage with the soil. 

[ii] They produce the lateral roots. 
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[iii] They help in the upward conduction of the absorbed materials, 
liv] They form the continuity with the vascular tissues of the stem via the tot. tem 
transition region, i 


6.6. Functions of Root 


The roots may have both normal and special functions. 

[I] Normal functions: The normal functions of the root include the mechanical 
and physiological functions. 

[A] Mechanical functions: 

[1] Attachment and fixation of the plants to the soil. 

[2] They form a close network of root system to form an intimate association with 
the soil particles. 

[B] Physiological functions: 


[1] Absorption : The absorption of water and mineral nutrients by active and passive 
means are the most important physiological functions of the root. 

[2] Conduction : [i] The absorbed water and nutrients are conducted through the 
xylem elements of the root to different parts of the plant body. 

[ii] The translocation of the prepared food takes place through the phloem elements 
from the source or leaves to the sink ort. t 

[3] Food storage: [i] The excess food is stored in the tap root, which may be 
swollen as in conical of carrot, napiform of sugar-beet ere. 

[ii] Excess starch is stored as storage starch, lipid as fat and oil. 

[iii] The presence of these stored food makes these structures as very good perenating 
organs. ie., they surpass the unfavourable condition and germinate to produce new 
plants, } 

[II] Special functions: The special functions also can be of types viz, Mechanical 
function and Physiological function. 

[A] Mechanical functions : They are observed in the following cases : 

[1] Prop roots or pillar roots support the heavy horizontal branches like strong 
pillars e.g. banyan. 

[2] Stilt roots: The stem is weak and bends towards the soil and hence supported 
by the stilt roots from one side of the leaning stem. e.g. screwpine. 

[3] Climbing roots: They develop from the nodes of creepers and help it to climb 
around a solid support for light e.g. betel. | 

[4] Clinging roots : They are the epiphytic roots helping the epiphyte to attach 
itself to the host plant e.g. orchid. 

[5] Contractile roots : These roots contract from one point and develop in some 
other area to keep the stem erect. e.g. Canna, Allium cepa (onion). 

[6] Floating roots: These roots contain aerenchyma and provide buoyancy to 
floating hydrophytes like Jussiaea, 

[B] Physiological functions : 

[1] Storage root: The storage root of sugar-beet, radish, sweet potato helping in 
storage of food. 

[2] Assimilatory roots: These roots contain chlorophyll and help in the preparation 
of food by photosynthesis e.g. Tinospora. 
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[3] Breathing roots : These roots exhibit positive phototropic movement to absorb 
air for respiration because the soil in which they grow, are poorly aerated e.g. mangrove 
plants like Rhizophora, Ceriops. The respiratory roots of Jussiaea act as accessory 
respiratory organ. 

[4] Epiphytic root : These roots are represented by aerial roots of orchid containing 
velamen and absorbing moisture from the air. 

[5] Parasitic root : These roots are also called sucking root or haustoria’ present 
in the stem parasite like Cuscuta. 

[6] Reproductive root: These roots contain adventitious buds and act as a vegetative 
propagating organ e.g. sweet potato. 


6.7. Modifications of Roots 


The tap roots, branch roots and the adventitious roots both get modified to perform 
various mechanical and physiological functions. 
The different types of modified roots are given below : 


II Modified tap roots or normal roots: (For physiological functions) 

[1] Storage of food: In certain dicot plants, the tap roots are modified and swollen 
to store food, In these cases, actually the upper part of the hypocotyl gets modified, 
gets devoid of hairs, assuming various shapes and they are as follows : 

[a] Conical: The root assumes inverted dome shaped structure, the upper part is 
broad and the lower part gradually tapers down. The secondary roots are reduced. An 
upper crown of leafy branches may be present. The root is orange in colour, due to the 
presence of B carotene e.g. carrot. 


Petiole 
z Re 
8 l 
i et) 8 
10 2 7 Nig 
i col 3 2 
f H 
Secondary Èr 
Root 


Tap Root 
(Fleshy) 


Tap Root (Fleshy) 


Fig. 6.6 : Modified tap root (for storage) : 
[A] Fusiform (radish), [B] Conical (carrot), [C] Napiform (sugar-beet). 


[b]Fusiform : The rootis typically fusiform in shape, i.e., the middle part is swollen, 
the upper and lower part is tapering, lower part is more tapering with root hairs forming 
a spindle shaped structure. The upper part is actually modified hypocotyl, devoid of 
hairs with apical crown of branches. The structure is usually devoid of pigments, 
although some patches of anthocyanin may be noted e.g. radish. 
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[c] Napiform : The root has upper globose part and a lower tapering part, which 
forms a long tail-like structure provided 
with hairs. The outer wall is lignified, an 
upper crown of red branches may be Fungal Layer 
present e.g. sugar-beet. Root 

[d] Tuberous or Tubercular root : 
These tap roots become swollen without 
attaining any definite shape, forming a 
tuber-like structure e.g. Tapioca, Ruellia. 

[2] Symbiotic roots: They are also 
called mycorrhizal roots or saprophytic 
roots. In this type of roots, the tap roots 
get infected with a saprophytic fungi 
called Vesicular Arbuscular 
Mycorrhizae (VAM), that develop 
symbiotic relation with the root. The fungi 
get the shelter in the plant roots, while 
the fungal mycelia draw nourishment 
from the soil (mostly humus type of soil), : 
benefitting the plant. This type of Fig. 6.7: Saprophytic root: [A] Portion of Pinus 
association mostly develop in case of vt, [B] T.S. of the same showing fungal colony. 
gymnosperms like Pinus and the fungi is Boletus. It is also found in angiospermic plant 
like Monotropa. 
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Fig. 6.8: Pneumatophores (Breathing roots) and its parts (magnified). 

[II] Modified branched root: (For physiological functions) 

[1] Breathing root: These roots are also called pneumatophores present in 
mangrove plants, i. e., growing in saline soil of the estuarine areas. In this case, the 
roots arising from the major lateral roots are negatively geotropic, they grow 
perpendicularly in upward direction and penetrate the soil. They have minute pores at 
their tip called pneumatothodes, through which gaseous exchange takes place, hélping 
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buttress or plank buttress. They are morphologically partly stem and partly root. e.g. 


Root Buttresses 


[9] Holdfast or Hap- 
| tera: These adventitious 
roots develop from the 
nodes, which are green in 
colour i.e., can perform 
| photosynthesis. The apices 
| of these roots are provided 
| with disc-like structures, 
— : | which actually help the plant 

Fig. 6.15 : Root buttresses of Bombax. to adhere or stick to the 
substratum. These roots are called holdfast or haptera. e.g. Podostemon. Holdfasts 
are also present at the base of some filamentous green algae like Oedogonium. 

[IV] Modified Adventitious roots : (Due to physiological functions) 

[A] Storage of food : These adventitious roots also get modified, fleshy and swollen 
due to storage of food and the various modifications are described below : 

[1] Tuberous roots : These adventitious roots develop from the undersurface of 
the nodes of prostrate stem. They accumulate food, become enlarged and swollen and 
are called tuberous roots or root tubers e.g. Sweet potato (Ipomea). 

[2] Fasciculated roots : These adventitious roots also arise from the lower nodes 
of the stem, but remain in groups or fascicles. They also enlarge and become swollen 
like the tuberous roots and are called fasciculated roots; e.g. Dahlia, Asparagus. 

[3] Nodulose roots: The 
tip of these roots become 
swollen and nodule-like and 
are called nodulose roots. e. g. 
mango-ginger (Curcuma 
amada), mutha grass or 
sedges. 

[4] Annulated roots : The 
swelling of these adventitious 
roots is in the form of ring-like Fig. 6.16 : Modified adventitious roots for storage purpose : 
swollen discs and hence they (a) Moniliform (Momordica), (B) Tuberous (Ipomea), (C) 


are called annulated. eg. Fasciculated (Asparagus), (D) Annulated (Ipecac); (F) 
Nodulose (Curcuma). 


or 
Plank Buliresses 


Ipecac. 

[5] Moniliform or Beaded roots: The swelling of these roots alternates with 
intermediate constrictions, which actually gives a beaded appearance; e.g. Dioscorea, 
Momordica ete. 

IBI Assimilatory roots: These roots are long, slender, hanging from the nodes of 
climbing plants containing chlorophyll and becoming green in colour. They can prepare 
carbohydrate food by photosynthesis and hence called assimilatory roots; e g. Tinospora. 
The aerial roots of orchids, the submerged roots of water-chestnut and trapa (Paniphal) 
and the haptera of Podostemon are also green in colour because of chlorophyll and can 
also function as assimilatory roots. 

[C] Parasitic roots : These are specialized adventitious roots present in parasitic 
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plants. They arise from the nodes and are called haustoria. They penetrate the tissue 
of the host plant and absorb food and nourishment from the host plant ; EA Cuse uta 


(B. Swarnalata) Orobranche (B. “Stem, Parasile 
Benebau). According to J. Kuijit 
(1979), the haustoria are of two 
types, primary and secondary. The 
primary haustoria arise directly from 
the parasitic radicle, while the 
secondary haustoria arise as 
modified adventitious roots. 

[D] Reproductive roots : There 
are several modified adventitious 
roots, which help in vegetative I P 
propagation. This is because, they Fig. 6.17 : Parasite roots of angiosperm : [A] Parasitic 
contain ‘adventitious buds on them, habit of Cuscuta, [B] T.S. of the haustorium of Cuscuta. 
which get detached from the parent plant body and propagate vegetatively. e.g. Ipomea 
batatas (sweet potato) ; Trichosanthes dioica (B. Patal). 

[E] Epiphytic roots: These roots are also called aerial roots, found in orchids, 
absorb moisture from the atmosphere because of the presence of a spongy parenchyma 
tissue called velamen. 


6.8. Synopsis 
Modification of Roots : 
Modified Modified k Modified 
Tap Roots Branched Roots Adventitious Roots 


Breathing roots or 
Storage Roots Symbiotic Roots pneumatophores 


[1] Fusiform Mycorrhizal of mangrove plant. 

(radish) roots 
[2] Napiform Monotropa 

(sugar-beet) showing the Modified for Modified for 

[3] Conical association Mechanical Physiological 

(carrot) of VA. M. functions functions 
[4] Tuberous root 

(tapioca) 

[1] Prop root (banyan) [2] Stilt root (screwpine) 


[3] Climbing root (Betel) [4] Clinging root (orchid) 
[5] Floating root (Jussiaea) [6] Contractile root (onion) 
[7] Root thorn (coconut) [8] Haptera (Podostemon) 


Storage Roots Assimilatory Parasitic Reproductive Epiphytic 
Root Root Root Root 
[1] Tuberous root e.g. Tinospora e.g.Cuscuta e. g. Ipomea e.g. orchids 
[2] Fasciculated root (Asparagus) 
[3] Nodulose root (amada) 
[4] Moniliform root (Dioscorea) 
[5] Annulated root (Ipecac) 
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buttress or plank buttress. They are morphologically partly stem and partly root. e, g. 
| silk cotton (Bombax). 

[9] Holdfast or Hap- 
tera: These adventitious 
roots develop from the 
nodes, which are green in 
colour i.e., can perform 
_| photosynthesis. The apices 
SUN | of these roots are provided 
© | with disc-like structures, 
=e ! which actually help the plant 

Fig. 6.15 : Root buttresses of Bombax. to adhere or stick to the 
substratum. These roots are called holdfast or haptera. e.g. Podostemon. Holdfasts 
are also present at the base of some filamentous green algae like Oedogonium. 

[IV] Modified Adventitious roots : (Due to physiological functions) 

[A] Storage of food : These adventitious roots also get modified, fleshy and swollen 
due to storage of food and the various modifications are described below : 

[1] Tuberous roots : These adventitious roots develop from the undersurface of 
the nodes of prostrate stem. They accumulate food, become enlarged and swollen and 
are called tuberous roots or root tubers e.g. sweet potato (Ipomea). 

[2] Fasciculated roots : These adventitious roots also arise from the lower nodes 
of the stem, but remain in groups or fascicles. They also enlarge and become swollen 
like the tuberous roots and are called fasciculated roots ; e.g. Dahlia, Asparagus. 

[3] Nodulose roots : The — 
tip of these roots become 4 
swollen and nodule-like and 
are called nodulose roots. e.g. 
mango-ginger (Curcuma 
amada), mutha grass or 
sedges. 

[4] Annulated roots : The 
swelling of these adventitious f 
roots is in the form of ring-like Fig. 6.16 : Modified adventitious roots for storage purpose : 
swollen discs and hence the) (a) Moniliform (Momordica), (B) Tuberous (Ipomea), (C) 
are called annulated. e.g,, Fasciculated (Asparagus), (D) Annulated (Ipecac), (F) 
Ipecac. Nodulose (Curcuma). 

[5] Moniliform or Beaded roots: The swelling of these roots alternates with 
intermediate constrictions, which actually gives a beaded appearance ; e.g. Dioscorea, 
Momordica ete. 

IBI Assimilatory roots: These roots are long, slender, hanging from the nodes of 
climbing plants containing chlorophyll and becoming green in colour: They can prepare 
carbohydrate food by photosynthesis and hence called assimilatory roots; e. g. Tinospora. 
The aerial roots of orchids, the submerged roots of water-chestnut and trapa (Paniphal) 
and the haptera of Podostemon are also green in colour because of chlorophyll and can 
also function as assimilatory roots, 


[C] Parasitic roots : These are specialized adventitious roots present in parasitic 


Root Buttresses 


or 
Plank Buttresses 
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plants. They arise from the nodes and are called haustoria. They penetrate the tissue 
of the host plant and absorb food and nourishment from the host plant ; e.g, Cuscuta 
(B. Swarnalata) Orobranche (B. Siem Parasſſe 1 
Benebau). According to J. Kuijit P 
(1979), the haustoria are of two 
types, primary and secondary. The 
primary haustoria arise directly from 
the parasitic radicle, while the 
secondary haustoria arise as 
modified adventitious roots. 

[D] Reproductive roots : There 
are several modified adventitious 
roots, which help in vegetative i" 
propagation, This is because, they Fig. 6.17 : Parasite roots of angiosperm : [A] Parasitic 
contain ‘adventitious buds on them, habit of Cuscuta, [B] I. S. of the haustorium of Cuscuta. 
which get detached from the parent plant body and propagate vegetatively. e.g. Ipomea 
batatas (sweet potato) ; Trichosanthes dioica (B. Patal). 

[E] Epiphytie roots: These roots are also called aerial roots, found in orchids, 
absorb moisture from the atmosphere because of the presence of a spongy parenchyma 
tissue called velamen. 


6.8. Synopsis 
Modification of Roots : 
Modified Modified Modified 
Tap Roots Branched Roots Adventitious Roots 


’ Breathing roots or 
Storage Roots Symbiotic Roots pneumatophores 


[1] Fusiform Mycorrhizal of mangrove plant. 

(radish) roots 
[2] Napiform Monotropa 

(sugar-beet) showing the Modified for Modified for 

[3] Conical association Mechanical Physiological 

(carrot) of VA. M. functions functions 
[4] Tuberous root 

(tapioca) 

[1] Prop root (banyan) [2] Stilt root (screwpine) 


[3] Climbing root (Betel) [4] Clinging root (orchid) 
[5] Floating root (Jussiaea) [6] Contractile root (onion) 
[7] Root thorn (coconut) [8] Haptera (Podostemon) 


Storage Roots Assimilatory Parasitic Reproductive Epiphytic 
Root Root Root Root 
[1] Tuberous root e.g. Tinospora e.g.Cuscuta e. g. Ipomed e.g. orchids 
[2] Fasciculated root (Asparagus) 
[3] Nodulose root (amada) 
[4] Moniliform root (Dioscorea) 
[5] Annulated root (Ipecac) 
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6.9. Comparative Discussions 


[A] Tap root and Adventitious root: 


Tap root (Normal root) Adventitious root 


[1] Develops from the radicle. [1] Develops from other plant 

organs except the radicle. 

[2] Structures [2] It forms the primary root. | [2] Primary root disintegrates 
formed early and replaced by a tuft of 


Points of Differences 
[1] Origin 


the plumule. 

[3] Branching system [3] The primary root forms 3] No such branching system 
the secondary and tertiary is observed. 
roots and forming a typical 
tap-root system. 


[4] Root cap [4] Tap root protected by root | [4] No such protective 
cap, structure present. 
[5] Functions [5] Performs normal functions] [5] They are mostly getting 


and also get modified for modified to perform special 
special functions. functions. 
[B] Prop root and Stilt root: 
Points of Differences | Prop root 
- [1] Location 


Stilt root 


[1] They arise from the base 
of the main stem. 

[2] They are less woody, 
slanting, stick-like structures 
supporting the main stem. 
[3] Supports the main stem 
from lower side. 

[4] screwpine. 


[1] They arise from lateral, 
woody branches. 

[2] They are pillar-like woody 
structures perpendicular to 
the main stem. 

[3] Can support the plant even 
when the main stem is absent. 
[4] banyan. 


[2] Structure 


[3] Function 


[4] Example 


[C]'Climbing root and Clinging root: 


Points of Differences] Climbing root 


[1] Location [1] Located on the lower 
surface of the nodes of 
climbers. 

[2] Adventitious roots, that 
get coiled around a solid 
support. 


Clinging root 


[1] Located the lower node of 
the epiphytic plant. 

[2] Structure [2] The apices of these roots 
have claw or disc-like struc- 
tures, which produce a sticky 
fluid that ultimately help in the 
attachment to the supporting 
plant. 

[3] Helps the plant to attach 
to the surface of the host plant. 
[4] Orchids like Vanda. 


[3] Function [3] Helps the plant to climb 


around a solid support. 


[4] Example [4] Betel. 


fibrous roots from the base of 


ROOT 209 
[D] Fasciculated root and Nodulose root : 


Fasciculated root 


[1] They arise from the lower 
nodes of the stem. 


Nodulose root 
[1] They arise from the lower 
surface of the rhizomatous 
stem. 


Points of Differences 
[1] Origin 


[2] The roots show swelling 
at their tip in the form of 
nodules. 


[2] Structure [2] The roots are swollen to 
form spindle shaped struc- 


ture, borne in fascicles. 


[3] They are found in mango- 
ginger. 


[3] They are found in 
Asparagus. 


[3] Example 


[E] Annulated root and Moniliform root: 


Moniliform root 


Annulated root 


[1] They arise from the hori- 
zontal secondary roots, 


Points of Differences 
[1] Origin 


[1] They arise from all over 
the tap-root, though some- 
times the tap root also becomes 
moniliform like. 


[2] The tap root and secondary 
roots become swollen and 
constricted to give a beaded 
appearance. 


[2] Some of the secondary or 
tertiary roots become modi- 
fied in such a way that they 
become swollen in the form 
of disc-like structures all 
over the roots. 


[2] Structure 


[3] Ipecac plant. [3] Dioscorea plant. 


[3] Example 


[F] Epiphytic root and and Parasitic root : 


Points of Differences | Epiphytie root Parasitic root 


[1] They originate from the 
lower surface of the nodes of 
parasitic plant. 


[1] They originate from the 
condensed nodes of epiphytic 
plants. 


[1] Origin 


[2] They appear singly and 
penetrate the host plants, 
surface, forming a swollen 
structure called haustoria. 


[2] They are borne in tuft, 
contain chlorophyllous tissue 
and velamen for absorbing 
moisture, called aerial roots. 


[2] Structure 


[3] They absorb nourishment 
from living host plants. 


[3] They absorb moisture 
from the air and also can 
exhibit photosynthesis. 


[4] Orchids like Vanda, 


[3] Function 


[4] Stem parasite like 
Cuscuta. 


[4] Example 


2253—14 
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[G] Assimilatory root and Reproductive roots : 


Assimilatory root 


{1} They arise from the lower} [1] They arise from the lower 
nodes of climbers, nodes of terrestrial creepers. 
[2] They are long, hanging | [2] They are smaller roots 
roots which contain chlo- growing in the soil having 
rophyll and can photo- adventitious buds. 
synthesize, 

[3] They prepare food by 
photosynthesis and can store 
it temporarily, 
[4] Tinospora. 


Points of Differences 
[1] Origin 


2] Structure 


[3] Function [3] They separate from the 
parent plant and develop into 


new plant body. 
[4] Ipomea. 


[4] Example 


[H] Root thorn and Contractile root : 
Points of Differences | Root thorn 


Contractile root 


[1) Origin I They arise from the lower-| [1] They arise from the lower 
most node of plants with part of underground stem and 
monopodial stem. can change position later on, 

[2] Structure [2] They are hard, pointed, | [2] They are thin roots borne 
finger-like structures covering] in clustere, that change posi- 
the lower nodes, tion with the growth of the 

underground stem. 

[3] Function [3] They act as protective [3] They change position for 


armours against grazing 
animals. 
[4] Coconut. 


[1] Root buttress and Haptera : 


(1) Origin [1] They are radiating struc- | [1] They arise from the lower 
tures, arising from the lower | part of the nodes of plants 
part of the main stem partiall growing on a rocky surface. 
from root and partially from 
stem. 

[2] Structure [2] Woody, plank-like struc- | [2] They are photosynthetic 
tures at the base of the aerial roots with disc-like 
trunk on the soil surface. Structures at their apices that 

attach with the rock surface. 

[3] Function [3] Gives mechanical support | [3] Provides attachment with 
to the main trunk. the hard rock surface. 

[4] Example [4] Bombax. [4] Podostemon. 
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6.10. Matters to Recollect 

© The normal root or tap root develops from the radicle of the germinating seed. 

The root is the descending axis of the plant, which is positively geotropic & 
hydrotropic in nature. 

r It is usually devoid of chlorophyll and contains leucoplast for the purpose of 
storage. 

r The major function of the normal root is fixation or anchorage and absorption of 
water and nutrients from the soil. 

r The tap root has a unique branching system, where it gives rise to the secondary 


3 A 


AA A ANIA RA RA 
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c 
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and tertiary roots. 

The normal root is protected at the tip by the root. cap. which in case of aquatic 
plant is the root pocket. 

The different areas of a normal root are root-cap region, region of elongation and 
cell division, root hair region and the permanent region, 

The root: cap is single or sometimes it may be multiple, as in screwpine. 

The zone of elongation consists of actively dividing cells under the effect of 
phytohormones, 

The root hairs are responsible for absorption of capillary water. 

The permanent region gives mechanical strength and also helps in conduction of 
water and nutrients, 

The adventitious roots develop from any part of the plant organ other than the 
radicle, which may degenerate early, 

The adventitious roots do not follow any definite branching system, 

On the basis of their nature, the adventitious roots can be cauline, fibrous and 
foliar in nature. : 

In addition to the normal function, the roots may have various special functions 
like mechanical support, assimilation, storage, breathing, reproduction, 


It can help a plant to survive as a parasite or as an epiphyte, 


The tap roots, branched roots and adventitious roots may all get modified for 
various purposes. 

The tap roots are modified for storage and assume various shapes like conical, 
fusiform, napiform etc, 

The tap root may form mycorrhizal roots haying symbiotic association, 

The branched roots are modified to form pneumatophores or breathing roots, 
which exhibit negatively geotropic movement. 

The modifications of adventitious roots are either for mechanical function or for 
physiological functions. 

The. mechanical supporting adventitious roots include the prop root, stilt root, 
climbing root, clinging root, floating root, contractile roots, root buttress, root 
thorn and haptera, 

The prop roots are pillar-like roots of banyan. 

The stilt roots are diagonal supporting structures of screwpine, 

The climbing root helps in the climbing of betel-vine. 

The clinging roots of orchids contain sticky-discs, which help in attachment to 
the host plant. 
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The floating roots of Jussiaea contain air spaces and help the aquatic plant to 
float. 

®S Contractile roots change their position to support a plant. 

"Ss Root buttresses are radiating structures from the base of the trunk that support a 
plant and is partly developing from the root and partly from the stem. 

Root thorn protects the basal part of a stem from grazing animals. 

‘= Haptera are helping plants like Podostemon to attach themselves to the rock surface, 

The adventitious roots are also modified for performing physiological functions 
like storage, assimilation, reproduction etc. 

"= The storage adventitious roots may assume various forms like tuberous, 
fasciculated, nodulose, moniliform or annulated. 

Ihe epiphytic aerial roots of orchids contain chlorophyll and also velamen, meant 
for absorbing moisture from the air, 

The parasitic roots of Cuscuta, (haustoria) directly draw nourishment from the 
host plant. 

e The long, hanging assimilatory roots of Tinospora contain chlorophyll and can 
prepare their own food by photosynthesis. 

The reproductive roots and Jpomea contain adventitious buds and help in vegetative 
propagation. 


6.11. Summary 


The normal root develops from the positively geotropic radicle of the germinating 
seed. They represent the descending axes of the plant and it is devoid of chlorophyll 
and contain leucoplast for storing starch. The tap root system has a unique branching 
system consisting of the secondary and tertiary roots. A normal root has different 
areas like the root-cap region, the zone of elongation and cell division, the root hair 
region and the permanent region. The root. cap may be simple or multiple, it protects 
the root tip against friction with soil particles and produces a slimy secretion for 
better penetration through the soil particles. The root-cap is replaced by root pockets 
in aquatic plants. The zone of elongation consists of meristematic cells in active 
State of division, enriched in auxin. The root hairs enter into the cracks and crevices 
of the soil, helping in absorption of capillary water. The permanent region is the last 
major zone, which is not dividing but provides mechanical support and also help in 
conduction of water. The adventitious roots develop from any other part other than 
the radicle, they do not have any branching system. The major function of root is 
absorption of water and nutrients, providing anchorage, but it may perform various 
other functions like storage of food, breathing, preparation of food, absorbs moisture 
from the air, draws nourishment from a living host, reproduction etc. The tap roots, 

branched roots and adventitious roots may all get modified to perform specific 

functions. The tap roots may help in storage like in fusiform, conical, napiform etc. 

The branched root may help in breathing like pneumatophores of mangrove plants. 

The adventitious roots may be modified both for mechanical and physiological 

functions. The mechanical supporting roots include the prop roots of banyan, stilt 

roots of screwpine, climbing roots of betel, clinging roots of orchid. The root thorns 
protect the base of palms, the contractile roots change position for giving better 
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support to the plant body. The root buttresses or plank buttresses are intermediate 
between root and stem, radiating from the base of the trunk giving mechanical 
support. The assimilatory roots of Tinospora prepare food by photosynthesis, the 
epiphytic roots of orchid absorb moisture from the atmosphere, while the parasitic 


roots or haustoria of Cuscuta help the plant to survive parasitically. The reproductive 
roots of Ipomea help in vegetative propagation. The storage adventitious roots may 
assume different shapes, like tuberous in Ipomea, fasciculated in Asparagus, 
nodulose in Curcuma, moniliform in Dioscorea and annulated in Ipecac. Sometimes 
root can exhibit negative geotropism, as in case of pneumatophores. 


6.12. Naming / Discovery / Discoverer 


[1] Gifford, E. M. and Corson, G. E. (1965) demonstrated the various shoot apices 
of seed plants. 

[2] Kuijt, J. (1969) classified haustoria or parasitic roots into two major types like 
primary haustoria and secondary haustoria. 

[3] Sterling, C. (1972) explained the mechanism of root contraction in angiosperms. 

[4] Barlow, P.W. (1975) showed the development and different forms of root-cap. 

[5] Me. Cally, M. E. (1975) showed the mechanism of development of lateral roots 
in angiospermic plants. 


6.13. Answers to special Questions 


11 
Ans. 
[2] 
Ans. 
[3] 
Ans, 


[4] 
Ans, 


[5] 
Ans. 


[6] 
Ans. 
[7] 


Ans. 


What are pull roots ? 

The other name for contractile root is pull root found in Podostemon. 

What are root pocket ? 

The replacement of root-cap in aquatic plant is root pocket. 

What are pillar roots ? 

It is the other name of prop root and are so called because of their pillar-like 
structures, that support the main stem. 

How root nodules vary from nodulose roots ? 

The root nodules are formed in the roots of leguminous plants because of 
infection with Rhizobium bacteria. The nodulose roots develop naturally due to 
the nodule-like swelling at the base of the adventitious roots of mango-ginger 
plant. 

What are root thorns ? IJ. E. E. 1993] 
The adventitious roots arising from the lower nodes of plants like Acanthorhiza, 
Cocos, Arica take the shape of thorns and protect the plant from grazing animals 
and are called root thorns. 

Name three plants having root buttress. 

Sterculia foetida ; Bombax ceiba, Terminalia catappa. 

How does epiphytes obtain water ? 

Epiphytes like Vanda have specialized cells in the epidermis of their aerial 
roots called velamen, which absorb moisture from the atmosphere. Some 
epiphytes like Dischidia, Asplenium have their leaves modified to form pitchers 
for storing rain water. 
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[8] 
Ans. 
[9] 
Ans. 


[10] 
Ans. 
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Ans. 


[12] 
Ans. 
[13] 
Ans. 
[14] 
Ans. 
[1S] 


Ans, 
[16] 


Ans. 


[17] 
Ans. 
[18] 
Ans. 
[19] 
Ans. 
[20] 
Ans. 
[21] 
Ans. 
[22] 
Ans. 
[23] 
Ans. 
[24] 
Ans. 
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Name the smallest parasitic angiospermic plant. 

Arceuthobium minutissimum. 

What is special about reproductive root ? 

The roots of plants like Agave americana, Ipomea batatas contain adventitious 
buds in their roots, which get separated from the main plant body and form a 
new daughter plant. 

How does foliar roots vary from fibrous roots ? 

Foliar roots arise from the notches of vegetative leaves like Bryophyllum and 
develop new plant bodies when they come in contact with the soil. But fibrous 
roots appear as a tuft of adventitious roots after the early degeneration of the 
tap root and it is found in grasses. 

Name a rootless plant. 

The aquatic plant of Wolffia arhiza is devoid of roots, it is also the smallest 
known flowering plant. 

Name a plant whose leaves perform the functions of roots. 

The leaves of the insectivorous plant Utricularia perform the functions of roots, 
How and in which group of plants do roots originate ? 

Roots originate as rhizoids in bryophytes. 

What is special about the root of cacti ? 

The roots are deep seated and deeply ramified for absorbing fresh water. 
Name a structure which is common to parasitic fungi and parasitic 
angiospermic plant. 

Haustorium. 

What is the name given to the atmosphere of the root and why is it 
important ? 

The micro-atmosphere of the root is called rhizosphere and it is important because 
it is the site for all soil-borne pathogens that enter the plant and effective 
biological control can be achieved by growing organisms antagonistic to these 
pathogens. 

Name two plants without roots other than hydrophytes. 

Aldrovanda vasiculosa ; Utricularia sp. 

Name two plants with assimilatory roots. 

Vanda roxburghii, Tinospora cordifolia. 

Name two plants with multiple root-cap. 

Pandanus foetidus ; Ficus religiosa. 

Give the scientific names of two climbers. 

Piper betle, Scindapsus officinalis, 

Name a plant with both stilt and prop root. 

Rhizophora mucronata. (mangrove plant). 

Name a mangrove plant without pneumatophore. 

Rhizophora sp. 

Name a plant which is root-like and grow as an epiphyte. 

Podostemon sp. 


Name the smallest plant represented by a root-like structure. 
Arceuthobium minutissimum. 
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Bee ee eee eee EXERCISE m ee eee eee 
@ A. Long Answer Type Questions : 


[1] Describe the different types of adventitious roots. (Ans. 6.4) 
[2] What are fibrous roots ? (Ans. 6.4) 
[3] What are the characters of tap root ? (Ans. 6.3) 
[4] Differentiate between tap root and fibrous root. (Ans. 6.4) 
[5] Name the different parts of tap root and their functions, 
Name the plants, where you find breathing root (pneumatophores), epiphytic root and parasitic 
root. (Ans, 6.5, 6.7) 
[6] Where do you get multiple root-cap ? What are its functions? (Ans. 6.5) 
[7] Give an account of the different types of adventitious roots modified for mechanical functions ? 
(Ans, 6.7) 
[8] How would you distinguish any one of the underground modified stems from a normal typical 
root ? (Ans. 6.3, 6.3) 
[9] What are the different zones of a typical dicotyledonous root ? (Ans. 6.5) 
[10] Describe the different types of modified tap roots. What are their functions ? (Ans, 6.7) 
[11] Describe the different types of modified adventitious roots ? (Ans. 6.7) 
[12] What are the various modifications of adventitious roots for physiological functions ? 
(Ans. 6.7) 
[13] Mention the characteristic features of root. Describe the different parts of a typical root. 
(Ans. 6.3, 6.5) 
[14] State the different special functions of roots. (Ans. 6.6) 
[15] What is modified adventitious root ? Mention the different types of modified adventitious 
roots for mechanical function and for storage of food and give one example of each. 
(Ans. 6.7) 
© B. Short Answer Type Questions: 
[1] Define with example, pneumatophores. [J.E.E. 1996] (Ans. 6.7) 
[2] Mention the differences between true roots and adventitious roots. State with example. 
What are root thorn and root buttress ? J. E. E. 1994] (Ans. 6.7) 
[3] State the functions of root-cap. J. E. E. 1984] (Ans. 6.5) 
[4] State the major differences between root and stem. (Ans. 6.3) 
[5] State the morphological differences between a stem and a root. II. H.S. 1983] (Ans. 6.3, 12) 
[6]. What are the morphological peculiarities of radish ? T. H. S. 1986] (Ans. 6.7) 
[7] What are the normal functions of roots? (Ans. 6.6) 
[8] What is the function of permanent region ? (Ans. 6.5) 
[9] Describe the modifications of tap roots for the purpose of storage. (Ans. 6.7) 
[10]. Describe the adventitious roots modified for storage purpose. (Ans. 6.7) 
[11] What are foliar roots? (Ans. 6.4) 
[12] What is piliferous region? What is its function ? (Ans. 6.5) 
@ C. Very Short Answer Type Questions: 
[1] Name two plants where adventitious roots are found. (Ans. 6.4) 
[2] Name any to plants without roots. (Ans. 6.7) 
[3] What are foliar roots ? (Ans. 6.4) 
[4] From which portion of the seed, root deyelops ? (Ans. 6.3) 
[5] What is adventitious root ? (Ans. 6.4) 
[6] Name any one plant, whose body is made up of roots only. (Ans. 6.7) 
[7] What is root pocket? (Ans. 6.4) 
[8] Which type of root is observed in sundri ? (Ans. 6.7) 
[9] Name two plants having reproductive root. (Ans. 6.7) 
[10] What are floating roots ? (Ans. 6.7) 
[11] Where are assimilatory roots present ? (Ans. 6.7) 
[12] What are fibrous roots ? (Ans. 6.4) 
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[13] Name the different types of roots found in orchids; 
[14] What are annulated roots ? 


D. Distinguish between : 


[1] Pneumatophores and Epiphytic roots. 
[2] Aerial root and Assimilatory root. 
[3] Normal root and Adventitious root. 
[4] Tap root and Fibrous root. 

[5] Root. cap and Root pocket. 

[6] Climbing root and Clinging root. 

[7] Fusiform and Conical root. 

[8] Fibrous root and Fasciculated root, 
[9] Primary root and Secondary roots. 
{10] Radicle and Plumule. 

[11] Prop root and Stilt root, 
{12] Fasciculated root and Nodulose root. 
[13] Annulated and Moniliform root, 

[14] Root thorn and Contractile root. 

[15] Root buttress and Haptera. 

[16] Assimilatory root and Parasitic root. 
[17] Epiphytic root and Parasitic root, 
[18] Elongation zone and Meristematic zone of root. 


® E. Short Notes: 


[1] Root buttress. 

[2] Root thorns. 

[3] Breathing roots of sundri. 
[4] Parasitic root. 

[5] Root-cap. 

[6] Epiphytie root: 

7 Prop root. 

[8] Pheumatophore. 

[9] Assimilatory root. 
[10] Floating root, 

i] Tuberous root. 

[12] Climbing root. 

[13] Storage root. 

[14] Regions of tap root. 
[15] Symbiotic root. 

[16]. Characteristics of root. 


© F, Multiple Choice type Questions : 


(Ans. 6.7) 
(Ans. 6.7) 


(Ans. 6.7) 
(Ans. 6.7) 
(Ans. 6.9) 
(Ans. 6.4) 
(Ans. 6.5) 
(Ans. 6.9) 
(Ans. 6.7) 
(Ans. 6.7) 
(Ans. 6.4) 
(Ans. 6.3) 
(Ans, 6.9) 
(Ans. 6.9) 
(Ans. 6.9) 
(Ans. 6.9) 
(Ans. 6.9) 
(Ans, 6.9) 
(Ans. 6.9) 
(Ans. 6.5) 


[J.E.E. 1993] (Ans. 6.5) 
J. E. E. 1993] (Ans. 6.7) 


(Ans. 6.7) 
(Ans. 6.7) 
(Ans. 6.5) 
(Ans. 6.7) 
(Ans. 6.7) 
(Ans. 6.7) 
(Ans. 6.7) 
(Aus. 6.7) 
(Ans. 6.7) 
(Ans. 6.7) 
(Ans. 6.7) 
(Ans. 6.5) 
(Ans. 6.7) 
(Ans. 6.3) 


[1] The roots are positively phototropic in nature in Pneumatophore/prop roov/stilt root floating 


roots, 


[2] The multiple root-cap is present in Pandanus / Pea / cotton / Ipomea. 
[3] The floating roots are present in Jussiaea / lotus / Lemna/ gram. 


14 Root plant is Wolfia /Lemna / Jussiaea / lotus. 


(5] Breathing root is a characteristic of hydrophyte / mesophyte / halophyte / xerophyte, 


[6] The mechanical Supporting root is prop / stilt / climbing / all of them. 
[7] Root nodules are present in pea / lotus / sedge grass / mango ginger. 
[8] Rhizoids are present in water hyacinth / lotus / Hydrilla / Jussiaea. 
[9] The haustoria is present in cactus / grasses / dodder / Podostemon. 
[10] Chlorophyllous root is present in Tinospora / pea / cactus / Dischidia. 
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© G. Fill in the blanks ; 


[1] The meristematic region of a root is rich in. 

[2] Assimilatory roots contain. 

[3] Aerial roots of, contain. 

[4] Floating roots contain. À 

[5] Contractile roots are present in 

[6] Nodulose roots are present in, 

[7] The other name for root hair zone is zone. 

[8] The. degenerates early in case of fibrous roots. 

[9] The pneumatophores grow in a soil deficient in 
10] The. root of carrot contains the pigment 


© H. Put mark on Yes / No for Correct Answer: 


[1] Annulated roots are present in Asparagus. vee Yes / No. 

N [2] Orobranche is a plant parasite. Ves / No, 
[3] Haptera is produced by plants growing in rocks. Ves / No. 
[4] Foliar roots are present in Bryophyllum. mn. e Ves / No. 
[5] Scindapsus contains clinging roots. Yes / No. 
[6] Napiform root is obserye in carrot. Ves / No. 
[7] Climbing root is observed in betel vine. 4 Ves / No. 
[8] Screwpine produces pneumatopho rest. Yes / No, 
[9] The aerial roots of orchids contain chlorophyll. Yes / No. 
[10] Root tuber is commonly observed in dahlia. Ves / No. 
[11] The root pockets are observed in terrestrial plants, Ves / No. 
[12] The permanent region of a root helps in conduction, ves / No. 
[13] The adventitious buds are present in reproductive toots. vom Yes / No. 
[14] The roots are always positively geotropie in nature Yes / No. 


Answers to Q. No. F, G and H 


„ III pneumatophore. [2] Pandanus, [3] Jussiaea. [4] Wolfia. SI halophyte. [6] all of 
them. [7] pea. (8) lotus, [9] dodder. [10] Tinospora. 
. III auxin. [2] chlorophyll. [3] orchids, velamen. [4] aerenchyma, SI Canna, 


[6] sedge-grass. [7] piliferous zone. [8] radicle. [9] oxygen. [10] conical, B-carotene. 
. [1] No, [2] Yes. [3] Yes. [4] Yes. [5] Yes. [6] No. [7] Yes. [8] No. [9] Yes, [10] Yes. 
[11] No. [12] Yes. [13] Yes. [14] No. 


Stem 


Topics Discussed : Introduction, Definition, Major characteristics of stem, parts of a typical stem, Nature of 
stems, Branching patterns, Forms of stem, Stem surface, Kinds of stem, Functions of stem (normal and 


special), Modifications of stem : Underground, Sub-aerial, Aerial or Metamorphosed, Comparative 
Discussions 


7.1. Introduction 


The second major branch that emerges from a germinating seed is the plumule, 
which develops to form the shoot and is positively phototropic except the underground 
modified stems (e.g. tuber, bulb, corm). The stem represents the upper part of the plant 
axis, which is negatively geotropic and hydrotropic in nature. The stem is differentiated 
into nodes and internodes and it bears the branches, leaves, flowers and fruits. It contains 
well developed vascular tissues called xylem and phloem, which help in the ascent of 
sap and translocation of food. The stem at an early stage contains chlorophyll and 
helps in photosynthesis, but gradually it becomes woody and forms the lateral branches 
bearing the leaves. The leaves come out at certain ring-like areas remaining at regular 
intervals called nodes, the area in between the nodes are called internodes. The apical 
part of the stem contains the apical bud, which helps in the apical growth of the plant, 
the axils of the leaves contain the axillary bud, which may either produce the axillary 
branches or it may also produce the axillary flowers or the reproductive structures. In 
addition to the normal functions of mechanical support and conduction, the stem may 
also get modified to perform various specialized functions like storage, vegetative 
propagation, photosynthesis, perennation etc. The branches of the stem along with the 
leaves, axillary buds constitute the shoot system of the plant. 


7.2. Definition 


The stem is the ascending axis of the vascular plant developing from the plumule of 
a germinating seed, which is positively phototropic and performs the functions of 
mechanical-support, conduction of water and translocation of food. 


7.3. Major Characteristics of Stem 


[1] The stem develops from the plumule of the embryo of a germinating seed. 

[2] The stem is the ascending axis of the plant. 

[3] The stem is usually Positively phototropic and negatively geotropic or hydrotropic 
in nature (exept the underground modified stems). 

[4] The stem supports the leaves, flowers and fruits. 

[5] The region from where the leaves come out are the nodes, while the region 
remaining in between, is the internode. 

[6] The apical part of the stem contains the apical bud, which helps in vegetative 
growth, while the axils of the leaves contain the axillary buds, that may either produce 
the branches or act as reproductive structures. 
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[7] The branches come out exogenously to produce a massive, dendrobial structure. 

[8] The young stem is green in colour containing chlorophyll, helping in 
photosynthesis, which later becomes woody. 

[9] On the basis of their hardness, stem classifies the plant into herb, shrub and tree. 

[10] The stem may have different forms like square, triangular, jointed, ribbed etc. 

[11] The surface of the stem may be smooth, hairy or with prickles for protection. 

[12] The stem may be strong and weak and are classified into several sub-types on 
this basis, 

[13] The normal functions of the stem include mechanical support, conduction of 
water, translocation of food. 

[14] The stem may be modified into different types like underground, sub-aerial 
and aerial, performing various special functions like storage, photosynthesis, vegetative 
propagation etc. 


7.4. Parts of A Typical Stem 


The stem is the cylindrical, axial organ, consisting of the following parts : 

[1] Nodes : The swollen, ring-like joints occurring at regular intervals on a stem are 
called nodes. The leaves develop from these nodes. 

[2] Internodes : The unswollen, cylindrical part of the stem remaining in between 
two nodes are called internodes. There are no lateral structures developing from the 
internode, but it only helps in the apical growth 
of the plant via the intercalary meristem: 

[3] Leaf : The leaves are the flattened, lateral 
organs of limited growth, which appear from the 
nodes and is the seat for photosynthesis. There 
may be buds arising from the axils of leaves called 
axillary buds. 

[4] Buds: The buds are specialized structures, 
developing on the stem, consisting of a 
rudimentary stem covered with immature leaves. 
The buds developing on the shoot apices are 


called apical buds, which help in apical growth, 

while the buds which develop from the axil of | 

the leaves are called axillary buds, that may act 5 

as reproductive structures. Fig. 7.1: Parts of a typical stem. 


[5] Axil : The angle formed by the leaf with 
the main stem is the axil and the axil contains the axillary buds as already stated, 


7.5. Nature of Stem 

The nature of the stem depends on its texture, it can be soft and weak or sometimes 
it may be hard and erect and accordingly, the stems can be classified into 4 major types 
i.e., herbs, undershrubs, shrubs and trees. 

[1] Herbs : The herbs are small plants with soft and non-woody stem and it can be 
erect or prostrate in nature. Depending upon the duration of their life cycles, the herbs 
may be classified in the following way: é 
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[i] Annuals : These plants live for one season only and complete their life cycles 
within one year e.g. rice, wheat, millets, mustard erc. 

[ii] Biennials: They live for two successive seasons and complete their life cycles 
in 2 years. In the first year, they grow vegetatively, while in the second year, they 
produce the reproductive structures e. g. carrot, radish etc. 

[iii] Ephemeral : They are transient herbs, living only for a few days and complete 
their life cycles within that short period; e. g. Balanites. 

[iv] Perennials : They are permanent plants in the sense that they complete their 
life cyles in more than two complete seasons ; e.g. ginger. 

[2] Undershrubs : These plants have slightly woody stem and they are stronger 
than the herbs, but weaker than the shrubs and hence called undershrubs. They are 
perennial in nature ; e.g. brinjal, chillies ete. 


Fig. 7.2: Nature of stem ; [A] Herb, [B] Shrub, [C] Tree, 


[3] Shrubs : The medium sized, woody, perennial plants which branches profusely 
very close to the ground surface. This gives a bushy appearance and the main trunk is 
not distinctly distinguishable e.g. chinarose, Duranta, Ixora, etc. 

[4] Trees : They are tall, woody, perennial plants, where the main stem grows for a 
considerble height before they produce the branches, they form a easily distinguishable 
trunks. They may be unbranched ali through, with an apical crown of leaves as in 
monopodial stem of coconut, or may produce profuse branches to form a massive 
dendrobial structure like silk cotton, mango, banyan etc. 


7.6. Branching System 


The appendages developing from the main axis of a plant are called branches, The 
branches usually arise from the axillary buds. All the branches taken together constitute 
the branching system, and they are of the following types : 

[a] Lateral branching : The lateral branches develop from the leaf axil; 1. e., from 
the axillary buds and they are considered to be the major branching types of the 
angiosperms. They are of the following types: 
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[i] Racemose or Indefinite or Monopodial branching : In this type of branching 
system, the trunk grows by means of the terminal bud in the shoot apex and it produces 
the lateral branches in acropetal succession (i.e., the oldest branch, occupies the 
lowermost position, while the youngest branch is the uppermost). This gives a typical 
excurrent or pyramidal shape to the tree. e.g. : Polyalthia, Pinus etc. 

[ii] Cymose or Definite or Sympodial branching : In this type of branching, the 
gowth of the main trunk ceases after a definite time period and the secondary branches 
grow profusely to form a massive, dendrobial, deliquescent structure e.g. mango, 
jackfruit etc. 

[b] Dichotomous branching : In this type of branching, the tip of the stem bifurcates 
into two equal branches, each of which again bifurcates into two. It is mostly observed 
in pteridophytes like Psilotum, Lycopodium etc. It is rarely seen in angiosperms, may 
be observed in case of the branched palm Hyphaene thebacea. 


7.7. Forms of Stem 

The most common form of stem is round or circular in outline, but there may also 
be various other forms as illustrated below : 

[1] Square stem : The stem is square in outline, itis a character of family Lamiaceae 
e.g. Ocimum sanctum (tulsi), Leoneurus etc. 

[2] Triangular stem: The stem is triangular and the leaf arrangement is tristichous 
e.g. Cyperus. 

[3] Flat stem : The stem is flattened, fleshy, chlorophyllous, not differentiated into 
nodes and internodes e.g. Phylloclade of Opuntia. 

[4] Hollow and Fistular stem: The stem is round, hollow at the internode and 
solid and fistular at the nodal region. e.g. bamboo. 

[5] Jointed stem : The stem is flattened, fleshy, chlorophyllous, not differentiated 
into nodes and internodes. e.g. sugarcane. 

[6] Ribbed stem : The stem is ribbed, i.e., differentiated into ridges and furrows. 


e.g. Cucurbita (gourd). 
[7] Ribbon shaped stem: The stem is flattened like a ribbon, e.g. Podostemon. 


7.8. Surface of The Stem 
The surface of the stem may be smooth, or may be with small trichome-like 


outgrowths, and they are of the following types. 

[i] Annuals : These plants live for one season only and they complete their life 
cycles within one year e.g. rice, wheat, millets, mustard etc. 

[1] Glabrous or Smooth : The surface of the stem is without any outgrowth, and is 
called glabrous or smooth surface. e.g. chinarose. 

[2] Glaucous : The stem surface is smooth and shiny, due to the presence of a waxy 
cuticle. e.g. Zea mays. 

[3] Pubescent or Tomentose : The surface is rough due to the presence of minute 
hairs and the surface is called pubescent. e.g. sunflower. 

[4] Spiny or Prickly : The surface may be covered with spines, as in case of Opuntia 
and it can have prickles, as in rose. 
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7.9. Kinds of Stem qu 


The stem can be clussified on the basis of the texture. The stem which is erect and 
upright is strong and woody, and the stëm which is weak is less woody and cannot 
stand erect. They are of the following types: se 

[A] Strong or Erect stem: The stem is strong and remain in upright position. They 
are cylindrical, branched or unbranched und ute of the following types: 

[1] Excurrent : These trees usually show typical racemose type of branching, but 
the lower lateral branches are longer than the upper ones and it gives a typical pyramidal 
form ; e.g. Pinus, Polyalthia, 


Fig. 7.3 : Different kinds of tem: [A] Caudex (coconut), [B] Culm (bamboo), 
[C] Excurrent (Polyalthia), [D] Deliquescent (banyan). 

2] Deliquescent ; The tree shows cymose branching pattern, ie., the growth of 
tree is limited and forms a somewhat dome-shaped or rounded 
Structure ; eg. mango, 

[3] Caudex : The tall, erect, unbranched, cylindrical stem with 
an apical crown of leaves is called caudex. e.g. coconut, palmyra 
palm. g 
[4] Culm (Haulm) : This stem has a solid node and hollow 
internode ; it is woody in nature and the stem appears to be jointed 
at the nodes ; e.g. sugarcane, bamboo. 

[5] Scape : The erect, unbranched aerial shoot produced from 
suppressed, underground monocot stem like bulb is called scape. 
lt is covered at the base with a cluster of leaves with sheathing leaf 
bases and at the apices, there are solitary or group of flowers and 
hence it can be referred to as modified inflorescence stalk reg. 
onion, tuberose. 

[B] Weak stems : The weak stems are less rigid and woody 
and so they cannot maintain the upright postition like strong stem. 
They may trail on the soil surface without any rooting at the nodes 
(trailers), climb around a solid support (climbers) or creep horizontally over a surface 
with vertical roots striking against the surface at short distances and are called creepers. 
Their sub-types are discussed below : 1 a en 

[1] Trailers : The trailers are of the following types: 


Fig. 7.4 Scape of 
onion. 
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[i] Procumbent or Prostrate : The stems of these plants grow along the ground 
~~ without rooting at the nodes and their apices lie flat on the ground ; e.g. Ipomea, 
Basella. 

[ii] Decumbent ; The stem grows like a procumbent, but only their apices are 
slightly raised from the ground surface ; e.g. Lindenbergia, Tridax. 

[2] Creeper : The stems of these plants grow horizontally on the soil surface, they 
have roots in each node and get profusely branched due to the development of the 
axillary buds ; e.g. sweet potato (Ipomea batatas), 


Fig. 7.5: Trailers and Creepers ; IA] Procumbent stem (Basella). 
[B] Decumbent stem (Lindenbergia), [C] Creeper (Ipomea): 

[3] Climbers : These plants have weak stem and normally climb around a solid 
support like pole or tree, in order to receive light for photosynthesis, They are classified 
on the basis of the organs used for climbing, like stem, root, hook, tendril erc. 

[a] Stem-climbers or Twiners : The soft, non-woody stem twins around a stem of 
another plant or a solid support in the form of twiner, They are of two types, depending 
upon the direction of twining ; 

[i] Sinistrorse : When the ty iner grows towards the left Że., anti-clockwise direction, 
they are called sinistrorse e.g. 2 (Cliteria) and species of Ipomea. 

[ii] Dextrose : When 
the climber twins in 
clockwise direction or 
towards the right, then 
they are called dextrose 
e.g. broad-bean (B. Sim) 
or Dolichos lablab. 
(Twiners can also be 
considered as a separate 
group from climbers). 

[b] Lianes : These 
perennial stem climbers 
have long, woody stem, 
which grow on a tall tree. 
They do not grow as twiners, but usually are supported by the differential bending or 
curyature of the stem ; e.g. Quisqualis (B. madhabilata). 

le] Tendril climbers : These plants are climbing with the help of specialized 
structures called tendrils. These tendrils are long, coiled structures arising from the 


Fig. 7.6 : [A] Sinistrorse (Ipomea), [B] Dextrose (Dolichos). 
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different parts of a plant. They have a sensitive tip and exhibit thigmotropic movement. 
They are classified on the basis of the organs from where they arise, in the following 
Way: 

li] Axillary stem tendril : The axillary branch is modified to form à tendril e.g. 
passion flower, 

[ii] Apical stem tendril : The shoot apex forms the tendril, which arises from the 
apical bud ; e.g. grape, 

[iii] Leaf tendril : The leaves are modified to form tendril e.g. wild pea. 

liv] Petiole tendril :The petiole becomes tendril-like, as in pitcher plant, Clematis. 

[v] Leaflet tendril ; The apical leaflets are modified to form tendrils like pea. 

[vi] Leaf apex tendril : The leaf apex is modified to form tendrils. e.g. glory lily. 

[vii] Stipule tendril :The stipule develops into tendril-like structure; e.g. Smilax. 


[viii] Inflorescence tendril : The tip of the inflorescence stalk becomes tendril like 
and helps in climbing e.g. Antigonon. 


Fig 7.7 : Tendril climbers : IA] Smilax, [B] Pisum, [C] Lathyrus, 
[D] Passion flower, [E] Glory lily, [F] Gourd, [G] Clematis: 

[d] Root-climbers : These weak plants have adventitious roots arising from the 
lower surface of the stem at the nodal region, which helps in climbing ; e.g. betel, 
dodder (Cuscuta). Sometimes the roots have adhesive discs at their tip and are called 
adhesive climbers, e.g. Podostemon. 

[e] Hook-climbers : These weak plants climb Up a support with the help of hook- 
like curved structures arising from the base of the flower stalk, which are considered to 
be modified inflorescence stalks e.g. Artrabotrys (B. kathalichapa). These hooks may 
also develop from modifications of terminal leaflets e.g. Bignonia. 
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[f] Thorn climbers : They are also called ramblers or scramblers, The climbers 
usually grow with the help of thorns, prickles and spines in the following way : 

[i] In cane (Calamus), mE n | 
there are hook-like 
prickles present on the 
rachis of the leaf and also 
on the whip-like stalk 
arising from the leaf- 
sheath, which helps the 
plant to scramble. 

[ii] In climbing rose 
and Lantana camara, the 
prickles present on the 
stem surface supports the 
stem, 

[iii] In Zizyphus (B. Fig. 7.8 Different elimbers: [A] Adhesive climber (Podostemon), 
kul), the hooks are formed [B] Hook climber (Artrabotrys), C] Thorn climber (climbing rose). 
from spiny stipules, which help the plant in climbing. 

[g] Leaf climbers : The leaf climbers are basically tendril climbers, èe., the leaves 
modified to form tendrils and are as follows: 


[i] Leaf stalk modified to form tendrils as in pitcher plant, Clematis, 
[ii] Leaf apex modified to form tendrils as in Gloriosa. 
[iii] Leaflets modified to form tendrils like in pea. l 


Sticky Discs 


} S endril 
670 endri Sy 


7.10. Functions of Stem 

The stem may have two types of functions viz., normal and special, The normal 
function is carried out by normal stems, while the special functions are carried out by 
special stems, Both of them may be further classified as mechanical and physiological 
functions, 

[1] Normal functions: 

[a] Mechanical functions : 

[i] Support the entire plant by bearing the entire weight of the shoot system. 

[ii] Bears the leaves, flowers, fruits ere. 

[b] Physiological functions : They are of mainly 3 types: 

[i] Conduction : The upward conduction of watér and minerals from the roots to 
the leaves takes place through the xylem tissue of the stem, while the downward or 
Jateral or upward translocation of prepared food (synthesized in the leaves) takes place 
through the phloem elements of the stem. 

[ii] Storage: Some parts of the stem, specially the pith and the parenchymatous 
tissue of the stele help in the storage of food. 

[iii] Manufacture of food : The shoots of the herbaceous plants contain chlorophyll 
and help in the preparation of food by photosynthesis. 
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[2] Special functions : 

[a] Mechanical functions: 

[i] Support : The terminal part of aerial branches like passion flower, grape-vine 
gives support to these climbing plants and help them in climbing. 

[ii] Self defence :The stems of Duranta and Hygrophyla contain thorn, while that 
of rose contain prickles, which protect them from grazing animals. 

[b] Physiological functions : 


[i] Storage of food : The underground modified stems like rhizome of ginger, tuber 
of potato, bulb of onion store carbohydrate food in the form of starch for future use. 


[ii] Storage of water: There are some fleshy stems in cactus or succulents storing 
water for future use. This is because, they survive in xerophytic conditions and do not 
get adequate water in the soil for survival. 

liii] Assimilation : The aerial metamorphosed, fleshy stems of plants like Opuntia, 
Asparagus exhibit carbon assimilation by fixing CO, from nature and prepare simple 
carbohydrate type of food by photosynthesis. 


liv] Perennation : The underground modified stems like tuber, bulb and corm 
Serve as excellent perennating organs and help the plant to survive during unfavourable 
conditions. 


[v] Propagations : The sub-uerial modified stems like runner in Oxalis, offset of 
Pistia, sucker of Chrysanthemum, stolon of Mentha (pippermint) help in vegetative 
propagation and also perennation, 


7.11. Modifications of Stem 


i 

The stem and the aerial branches get modified in different ways to perform 

Specialized functions as stated above, These modifications are of 3 kinds, viz., 

underground, sub-aerial and aerial. The sub-aerial modifications. are also called 

metamorphosed stem because their structures are massively modified and sometimes 
cannot be recognized as stems. 


[A] Underground modified stems : The underground modified stems are 
specialized stems, which are not positively phototropic, they belong to herbaceous 
plants, acquire various sizes and shapes and store carbohydrate food in the form of 
starch. They keep the plant alive during unfavourable condition and with the advent of 
favourable condition, they produce the aerial shoot and propagate by vegetative means. 

They are of the following types: 

[1] Stem-tuber : Structural features (Characteristics) : 

[i] The tips of underground creeping branches become swollen and enlarged due to 
the accumulation of food materials. 

[ii] They are more or less round or oval in shape with compressed nodes and short 
internodes. 

[iii] The nodes are represented by eye-spots, which are depressions containing scale 
leaves and rudimentary buds remaining at the axils of scale- leaves. 
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[iv] These eye-spots are spirally arranged on the tuber mostly remaining at the 
distal end (i.e., the end, opposite to the attachment 
of the tuber with the main stem), 

[v] The short area in between the 2 eye-spots 
represent the internode. 

[vi] The apical bud is also present at the distal 
end, ~ 
[vii] The adventitious roots are absent on the 
ventral surface, 

[viii] It is colourless, and the outer epidermis is Fig. 7.9 : Tuber of potato. 
dark brown to purple in colour ; e.g. potato (Solanum tuberosum). 


[2] Bulb : Structural features (Characteristies) : 


[i] Modified bulb-like structure with a central basal disc supporting the apical bud. 
[ii] The apical bud is 
protected by compressed layers 
of fleshy leaves and outer scaly 
Fleshy ji leaves. 
1 [iii] The fleshy leaves store 
N carbohydrate and may contain 
SA 15 
paN Ae the axillary buds. 
ye [iv] The apical bud 
Bas SAW oc produces the flowering scape 
‘Seni i during the production of 
00 e Á flowers. 

pacts R [v] There is a crown of 
adventitious roots arising from 
the ventral surface of the disc. 
f [vi] The fleshy leaves are 
A Contractile] arranged in closed concentric 
NS Roots | rings, proto-catechuic acid 

A A present in case of onion. 

Types of Bulbs : There are 
two types of bulbs, which are 

Fig. 7.10 : Types of bulbs ; [A] Tunicated bulb (onion), as follows: 
[B] L.S. of Tunicated bulb, [C] L.S. of Scaly bulb (lily), [a] Tunicate bulbs } The 

[Dy Sealy bulb (ily). scale leaves are with fleshy leaf 
bases, which are arranged in concentric manner surrounding the short, disc-like 
compressed stem. The outer leaves are dry, membranous and form a tunic-like structure. 
e.g. tuberose, onion. 

[b] Scaly or naked bulb + The thick and fleshy leaf bases of scale leaves are loosely 
arranged and overlap each other only at the margins ; they are devoid of tunic ; e.g. 
garlic, lily. 

[3] Rhizome : Structural features (Characteristics) + 


[i] The thick, fleshy, underground stem, which grows horizontally. 


Adventitious Roots 


228 A TEXT BOOK OF BIOLOGY 


[ii] The nodes and internodes are present, but the internodes are compressed. 
[iii] The nodes are covered by brown, papery, scaly leaves. 


Shoot Scar 


Scale Leaf 


Adventitious 


Adventitious 


New HA —Roots 
Roots Branches 5 
i B | 


Fig. 7.11 : Types of rhizomes : [A] Typical rhizome of ginger, [B] Root stock of Colocasia. 


[iv] The adventitious, axillary buds are present at the axil of scaly leaves, which 
account for irregular branching of the rhizome. 

Ív]. The apices of the branches contain 
terminal buds, helping in apical growth. 

[vi] The terminal or axillary buds produce 
leafy shoots during the growing season which 
dry of later on, leaving behind a ring-like scat 
mark on the nodes, 

[vii] There are slender, thread-like 
adventitious roots arising from the ventral 
surface of the rhizome at the nodes. Example 
for horizontal rhizome is ginger, turmuric. 

[viii] Sometime the rhizomes are short, stout, 
vertical and instead of growing horizontal ly, they 
grow vertically downwards. Thay are called root stocks. e.g. arum, waterlily, banana. 

[ix] Sometimes the horizontal rhizomes are thin and slender, with long internodes 
and are called sobole ; e.g. grass. ri 


[4] Corm : Structural features (Characteristics) : 


Horizontal Rhizome 
with long Internode 


_ Adventitious Roots 


Fig. 7.12 : Sobole of grass. 


[i] It is a stout, solid, fleshy, club-shaped underground modified stem. 
[ii] They grow vertically or peripherally in the superficial soil. 


[iii] The nodes and internodes are present, nodes are losely placed and the internodes 
are reduced and fused to form a single structure. 


liv] The thin, membranous leaves are crowded in the apical part of the corm encircling 
the petioles of foliage leaves. 


[v] There is a large apical bud and many adventitious buds arising from the axil of 
scale leaves. 
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[vi] The adventitious roots arise from the entire surface of the corm. 

[vii] The terminal bud produces leafy 
aerial shoots with green foliage leaves | Adventitious Buds Scape Base | 
during the growing season. (Daughter Corms) A 3 


ie $ E Scale Leaf 
[viii] The axillary buds produce new EI I 


young corms, which bulges out from all f 1 
over the corm and accounts for its Ri 
irregular shape. e.g. Amorphophallus. 
General functions of underground 
modified stem : 
[i] Storage of foodstuffs. 


[ii] They act as perennating organs, H A | 
surviving through unfavourable ; KAN f 
conditions. 2 N J 

[ii] They act as vegetative Fig. 7.13 : Corm of Amorphophallus. 


propagating organs. 

[B] Sub-aerial modified stems: 

The sub-aerial branches are so called because they are produced very close to the 
soil surface from herbacéous plants and act as a common method for vegetative 
propagation. There are four types of sub-aerial modifications, which are as follows : 

[1] Runner : Structural features (Characteristics) : 

[i] The stem is slender, prostrate, creeping in nature. 

[ii] It arises from the axil of the leaves, very close to the ground surface. 

[iii] The creeping habit of the stem is helped by the long internode joining the two 
nodes at regular intervals. 

[iv] The nodes produce the vegetative leaves on the upper surface and adventitious 
roots on the lower surface. 

{v] The newly formed node remains joined by the runner to the parent plant and 
when separated, forms a new individual plant. 

[vi] The runner usually develop in all directions on the soil surrounding the parent 
plant and thus forms a colony, e.g. Marsilea (pteridophyte) ; dub-grass. 


[2] Offset : Structural features (Characteristics) : 

[i] The stem is shorter and thicker than the runner, but it is present along the surface 
of water, instead of soil. 

[ii] The nodes are close to each other because of shorter internodes. 

[iii] The tuft of adventitious roots and a cluster of leaves develop in each node. 

[iv] The leaves or petioles are with aerenchyma, helping in floatation ; e.g. water 
hyacinth, Pistia. 

[3] Stolon ; Structural features (Characteristics) : 

[i] Like runners, they are also produced in terrestrial plants, but the branches are 
more longer and slender in nature. 

[ii] Because of greater length, these branches may grow superficially upto a certain 
height above the soil surface and their tips touch the soil surface at the nodal region. 

[iii] Like the previous cases the nodes produce the adventitious roots on the lower 
surface and the vegetative leaves above. 
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liv] These structures are called stolon and the increase in their growth increases the 
arching e.g. Mentha (pippermint plant). 


2 


; Aye 
a wy 


Fig. 7.14 : Sub- aerial modified stem: [A] Stolon (pippermint plant), 
[B] Runner (Oxalis), [C] Offset (water hyacinth), [D] Sucker (Chrysanthemum). 


[4] Sucker : Structural features (Characteristics) : 

[i] The modified stem arising as a lateral branch from the parent plants and runs 
underground for a certain distance in the form of an underground runner, 

[ii] Aftergrowing parallely below the ground suface, it grows obliquely and comes 
out above the soil and produce a leafy shoot. 

[iii] The newly formed leafy shoot when separated from the parent plant, behave as 
a new independent plant e.g. Chrysanthemum. 

General functions of sub-aerial modified stems ; 

[i] It helps rapid proliferation of a plant forming a colony. 

[ii] It helps in effective vegetative propagation. 

[iii] It is a means of perennation. 

[C] Aerial modified stem or Metamorphosed stem: 

The aerial modification causes massive modification of the stem and they are difficult 
to be recognized as stems and so they are called metamorphosed stems, 

They are of the following types and usually play a definite function: 

[1] Thorn : Structural features (Characteristics): 

[i] The axillary branches Stop growing and gets modified to straight, hard, pointed 
structures. 

[ii] They may bear small leaves, flowers etc. 

[iii] They have vascular traces. 

Function :They act as defensive organs and protect the plant from grazing animals. 

[2] Phylloclade or Cladophylls (Characteristies): Structural features: 


[i] The stem becomes flattened, fleshy, leaf-like structure. 
[ii] They store water for future use. 
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[iii] The nodes and internodes are not properly differentiated. 
[iv] The nodes are marked with the appearance of flowers and spines. 


Fig. 7.15 : Metamorphosed stems: [A] Phylloclade or Cladophylls (Opuntia), [B] Pseudobulb (orchid), 
[C] Cladode (Asparagus), [D] Thorn (Duranta), [E] Stem tendril (passion flower). 


[v] The actual leaves are modified to form spines. 

Functions : 

[i] They help in the preparation of food by photosynthesis. 

[ii] They store food and water. 

[iii] The spines prevent loss of water by transpiration and also protect the plant 
from grazing animals ; e.g. Opuntia (Prickly pear). 

[3] Cladode : 

Structural features (Characteristics) : 

[i] The cladode is a phylloclade with one internode, i.e., the internode in between 
two distinct nodes becomes leaf-like. 

[ii] It is photosynthetic, but not as fleshy as phylloclode and is devoid of spine. 

Function : Photosynthesis and storage of water e.g. Asparagus (B. Satamuli). 

[4] Pseudo-bulbs : 

Structural features (Characteristics) : 

[i] The modified aerial stem, in which a single internode becomes swollen, fleshy 
and tuberous in nature. 

[ii] The look like bulbs, but do not have uniformly arranged concentric fleshy leaves. 

[iii] There may be adventitious aerial roots arising from the lower surface. 

Function: They store moisture and help the plant to survive during unfavourable 
condition, i.e., when there is severe scarcity of water; e.g. orchids. 


232 A TEXT BOOK OF BIOLOGY 


[5] Stem tendril or Branch tendrils : Structural features (Characteristics) : 

[i] These tendrils are modified axillary branches. 

[ii] They may be modification of terminal bud (e.g. vine) or the entire inflorescence 
(e.g. Antigonon). 

[iii] They are long, slender and coiled in nature. 

[iv] They may bear small leaves. 

Function : They provide mechanical support to the soft stem of the plant, acting as 
a climbing organ. 

e.g. Vine, Passion-flower, Antigonon. 

[6] Bulbil : 

Structural features (Characteristics) : 

[i] They are specialized, aerial modified axillary buds, both vegetative and floral in 
nature. 

[ii] They look like bulbs 
ie, having a disc-like stem 
covered by leaves. 

[iii] They are viviparous in 
nature i.e., give rise to 
daughter plant, while 
remaining attached to the the 
stem of the parent plant. 

Functions : 

Fig. 7. 16: Bulbil : [A] Agave, [B] Globba. [i] They help in initiating 
vegetative propagation. 

[ii] They also act as storage organs e.g: Agave, Clobba. 


7.12. Synopsis * 


The various types of normal stems and modified stems are represented in the 
following summary tables A & B. 


Table A: 
Normal 
L L 
Strong stem Weak stem 

Branched Unbranched Trailers Twiners Climbers 
(1) Excurrent (i) Caudex (i) Procumbent (1) Lianes e.g. Hiptage 
e.g. Polyalthia e.g, coconut e.g. Basella (2) Hook-climber e.g. 

(2) Decumbent (J) Sinistrorse (I) Dextrose Arrabotrys. 
(2) Deliquescent(2) Culm e.g. Tridax e.g. Cliteria e.g. Mikenia ) Tendril-climber ég. 
e.g. mango e.g. bamboo (3) Creeper gourd. 

e.g. Ipomea (4) Thorn-climber 

e.g. Bougainvillea 
(5) Root-climber 


e.g. Podostemon 

(6) Leaf-climber 

e.g. pitcher-plant 

(7) Adkesive-climber 
e.g: Ivy. 
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Table B: 

Modified Stems 
Underground Sub-aerial Aerial or Metamorphosed 
(1) Tuber e.g. potato (1) Runner e.g. Oxalis (1) Thorn e.g. Duranta 
(2) Bulb (2) Offset e.g. Pistia (2) Stem-tendril e.g. grape 
(a) Scaly e.g. lily (3) Stolon e.g Mentha (3) Phylloclade e.g. Opuntia 
(b) Tunicated e.g, onion (4) Sucker (4) Bulbil e.g. Agave 


(3) Rhizome e.g. ginger e.g. Chrysanthemum () Pseudo-bulb e.g. orchid. 
(4) Corm 
e.g. Amorphophallus 


7.13. Comparative Discussions 
[A] Root and Stem : 


Points of 
Differences 


[1] Origin 


Stem 


[1] It develops from the plumule 
of an embryo. 


[1] It develops from radicle of 
an embryo. 


[2] Ttis the ascending axis of the 
plant, positively phototropic in 
nature (except underground 
modified stem). 


[2] Nature [2] lt is the descending axis of the 
plant negatively phototropic 
in nature (except pneumato- 


phore). 


[3] Young stem may be green in 
colour, because of the presence 
of chlorophyll. 


[3] Chlorophyll Itis devoid of chlorophyll i.e., 
non-green in colour (except 


assimilatory roots). 


[4] Differentia- It is undifferentiated into nodes |[4] It is differentiated into nodes 


tion and internodes, but gives rise to and internodes and forms vari- 
branched roots. ous branching systems. 
[5] Root-cap Present. [5] Absent. 


[6] Leaves and | [6] Absent. [6] Present on the branches. 


flowers 
[7] Hairs [7] Root hairs present, meant for }[7] Epidermal hairs present, which 
absorption of water. protect the epidermis. 
[8] Epidermis [8] The epidermis is devoid of |[8] The epidermis is protected by 
cuticle. cuticle. 
[9] Normal o] They help in anchorage, absorp- [9] They give mechanical support, 
functions tion of water and mineral salts bear leaves, flowers and fruits, 
and storage of food. help in conduction of water and 
transport of food. 
[10] Special [10] Photosynthesis, breathing, me- | [10] Storage, propagation, photo- 


functions chanical support, propagation etc. synthesis, protection etc. 
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Points of 
Differences 
[1] Nature 


[2] Leaves and 

flowers 

[3] Vascular 
supply 

[4] Attachment 

[5] Branching 


[6] Function 


[7] Example 
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[B] Thorn, Spine and Prickle : 


[1] Modified axillary} [1] 
branch. 

2] Small leaves and 
flowers. 

3] May be present. 


4] Deep seated. 
5] May be present. 


6] Protection to the 
aerial branches. 
7) Duranta. 


[C] Bulb and Bulbil : 


Points of 
Differences 


[1] Morphologi- 


cal nature 
[2] Nature of 
leaves 
[3] Shape 
[4] Adventi- 
tious roots 
[5] Apical bud 
[6] Yield 


[7] Example 


Points of 
Differences 


[1] Nature 


[2] Apical bud 


[3] Adventitious 


bud 
[4] Root-cap 
[5] Differentia- 


tion 


[6] Scale leaves 


stem. 


[2] The- surrounding leaves are [2] 


fleshy in nature. 
Disc-shaped. 


[4] Adventitious roots present on | [4] 


the lower surface. 
5] Present at the centre. 


inflorescence stalk. 
[7] onion. 
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the storage of food. 


apex. 
[3] 
in the nodes, 
axillary branches. 
[4] lt is absent. 


[5] 


differentiated. 
Present at the nodes. 


[6 


It is the underground modified] [1] 


It produces the scape or the | [6] 


It is always swollen due to 
[2] The apical bud is present at the [2] 
Adventitious buds are present |[3] 


which form 


The nodes and internodes are [5] 
present, though they are not well 


Modified leaf or part 
of it. 

Leaves and flowers 
absent. 

May be present. 


Not as deep as thorn. 
Not branched, but 
may appear in the 
form of stellate hairs. 
Protection and pre- 


vention of transpiration. 


Opuntia. 
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[4] 


[6] 


It is the vegetative or floral bud 
attached to the main stem. 
The leaves are scaly in nature. 


A typical root may not be 
always swollen. 
The apical bud is absent. 


[1] Modified out- 
growth ofa stem. 
Leaves and 
flowers absent. 
Absent. 


[2] 


[3] 


[4] 
[5] 


Superficial. 
Branching is 
absent. 


Protection from 
grazing animals. 
rose, 


[6] 
[7] 


Bulbils 


[3] Round or oval in shape. 
Adventitious roots in any form 
is absent. 

[5] Absent. 


Germinates to produce a new 
plant after falling on the ground, 
Dioscorea. 


Adventitious buds are absent, 
only present in the form of 
reproductive buds, 

Itis present at the tip. 

The nodes and internodes are 
absent. 


Scale leaves absent. 


STEM 


Underground stem 


Points of 
Differences 


[7] Growth [7] Grows superficially below the] [7] 
Soil. 
[8] Adventitious | [8] They are present in most of the | [8] 
roots underground modified stems. 
[9] Tropism [9] They are negatively phototropic. | [9] 


[10] Types [10] There are four major types like 


rhizome, tuber, bulb and corm. 


[E] Stem tuber and Root tuber : 


Points of 
Differences 


[1] Nature Underground modified stem, II] 
swollen due to the storage of 
food. 

[2] Nodes [2] The nodes are represented as | [2] 
eye-spots with axillary buds 
present. 

[3] Shape [3] Spherical or oval in shape. [3] 

[4] Adventitius Adventitious roots absent. [4] 

roots 


Scale leaves are extremely [5] 
reduced. 


Potato. 


[5] Scale leaves 


[6] Example 


[F] Trailer and Runner : 


Differences 


[1] Nature [1] II is a normal, weak stem. 111 

[2] Types [2] Itis mainly of 3 types, viz., pro- | [2] 
cumbent, decumbent and 
creeper. 

[3] Pattern [3] The branch apices are raised | [3] 
above the ground. 

[4] Roots [4] The prostrate stem does not pro- [4] 
duce any root from the nodes. 

[5] Function [5] Itis normal growth not helping | [5] 


in vegetative propagation. 
Basella, Tridax. 


[6] Example 
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Grows vertically beneath the 
soil. 

The tap roots usually produce 
the secondary roots, adventi- 
tious roots may be present in 
some cases, when the tap root 
gets degenerated. 

They are positively geotropic 
and hydrotropic in nature. 


[10] They are mainly of 2 types, i.e., 


tap root and adventitious roots. 


Root tuber 


Modified underground root, 
swollen due to storage of food. 


The nodes are absent but 
adventitious buds are present. 


Elongated, tapering at both ends. 
Adventitious roots present. 


Scale leaves are absent, 


Sweet potato. 


It is a sub-aerial modified stem. 


It is not classified into sub- 
types. 


The free branch apices are not 
raised above the ground surface. 


The prostrate stem produces 
adventitious roots from the 
lower surface of the nodes. 


It helps in vegetative propaga- 
tion. 
Oxalis, Hydrocotyle. 
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[G] Rhizome, Bulb, Tuber and Corm (All underground modified stem) : 


Points of 
Differences 

[1] Nature [1] The entire stem 
is modified, 

[2] Growth [2] Grows horizon- 

pattern tally under the soil. 

[3] Shape [3] Swollen without 
any definite shape. 

[4] Nodes & [4] The nodes and 

Internodes | internodes are pre- 
sent but no eye-spot 
is present. 

[5] Buds [5] The single apical 
bud and many axil- 
lary buds present, 
which help in the 
development of axil- 
lary branches. 

[6] Scale [6] They are dry and 

leaves membranous, cover- 
ing the nodes ; with 

stored food, arranged 

in concentric rows. 

[7] Colour [7] Dark brown in 
colour due to the 
prescence of 
scale leaves. 

[8] Adventi- . [8] Developed from 

tious roots lower surface. 

[9] Scape [9] Formed 


[10] Example | [10] ginger 


I] The entire branch 
gets modified. 

2) Grows vertically 
but remains in the 
superficial soil. 

3] Swollen, bulbous, 
structure with a disc- 
like stem. 

4 The nodes and in- 
ternodes are indisti- 
net without eye-spot. 


5} The central termi- 
nal bud is covered by 
scale leaves, adventi- 
tious buds are less 
developed. 


6] The outer leaves 
are scaly but the in- 
ner leaves are fleshy. 


7] Outer leaves are 
red in colour. 


8] Crown of adventi- 
tious roots at the base. 
[9] Well developed. 
10] onion. 


[1] The branch tip 
is modified. 

[2] Grows horizon- 
tally or obliquely in 
the superficial soil. 
[3] Oval, swollen 


[1] Modification of a 
node. 

[2] Grows longitudinally 
under the soil. 


[3] Swollen greatly to 
form a club-shaped 
structure. 

[4] The node is very 
much enlarged so the 
internode is reduced. 


structure. 


[4] The nodes are in 
the form of eye spots 
and internodes in 
between them. 

5] Terminal bud is 
larger and many 
axillary buds in the 
nodes, 


[5] The apical bud is 
more developed than 
the lateral adventitious 
buds. 


[6] The scaly leaves 
are dry, membran- 
ous and reduced. 


[6] The leaves are 
intermediate in 
nature. 


7] Light brown due 
to epidermal thick- 
ening. 


[7] Dark brown due to 
lignification. 


[8] Not formed. [8] Moderately 
developed. 
[9] Formed. 


[10] Amorphophallus. 


[9] Not formed. 
[10] potato. 


[H] Runner, Stolon, Offset and Sucker (Sub-aerial modified stems) : 


Points of 


Differences 
[1] Habit [1] Terrestrial 
[2] Growth [2] The long and 
pattern slender internodes 
grow on the soil sur- 
face as creepers. 

[3] Adventi- [3] They develop 

tious roots from the lower sur- 
face of the nodes, 

[4] Root-cap [4] Present. 

[5] Leaves [5] Long petioled 
leaves, borne in clus: 
tere on the upper 
surface of the stem. 

[6] Aeren- [6] Absent. 

chyma 
[7] Example [7] Oxalis 


[1] Terrestrial. 

[2] The long and sten- 
der internode shows 
overgrowth and forms 
an arc over the soil 
surface after emerging 
from the node. 

[3] They form a clus- 
ture on the lower sur- 
face of the node. 

[4] Present. 


[5] Petioles are shorte: 
and leaves are more in 
the clustere. 


[6] Absent. 


[7] Mentha 


Sucker 


[1] Aquatic. 

[2] The short, thick 
and fleshy internode 
grows above the 
water surface and 
joins 2 plant bodies. 


(1) Terrestrial. 

2] The sub-aerial 
branches are both long 
and short, growing 
obliquely under the soil 
and comes above the 
surface at a later stage. 
[3] They develop from 
the lower surface of 
the sub-aerial branches. 
[4] Root-cap present. 


[3] They also develop 
in tufts from the lower 
-surface of the nodes. 
[4] Replaced root 
pocket. 

[5] The petioles , 
fleshy, leaves 
reduced helping 

in floatation. 

[6] Present. 


[5] Leaves borne at the 
tip of the sub-aerial 
branches. 


[6] Absent. 


[7] Water hyacinth 
(Ichornia) 


[7] Chrysanthemum. 
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[I] Phylloclade and Cladode : 


Points of 
Differences 


[1] Nature fl 

[2] Structure 

[3] Differentia- | [3 
tion 

[4] Spine [4] 

[5] Function [5 


[6] Example 


Points of 
Differences 


[1] Nature 
[2] Location 


[3] Structure 


[4] Function 


[5] Example 


Points of 
Differences 


[1] Nature 11] 
[2] position [2] 
[3] Structure [3] 
[4] Colour [4 


[5] Leaves and 


[5] 


flowers 
[6] Function [6] 
[7] Example [7] 


Phylloclade 


It is the leaf: like modification 
of the entire stem. 


Green, fleshy, flattened structure. 


Not properly differentiated into 
nodes and internodes. 


Leaves reduced to form spine. 
Photosynthesis, storage of food 
and water and prevention of 
transpiration. 

Opuntia. 


Modification of axillary bud. 
Axil of aerial branches. 


Disc-like stem covered by 
leaves. 

Propagation by viviparous 
germination. 


Agave. 


[K] Thorn and Stem tendril : 


Modification of the axillary 
branches. 


Always axillary in position. 


Hard, woody, moderately long, 
pointed structures. 


Dark brown often, because of 
lignification. 


May be present. 


They act as a defensive organ. 


Duranta. 


[2] 
[3] 


[4] 
[5] 


0) 
(2) 


[3] 


(4) 


(1) 


[2] 


[3] 


41 


[5] 


[6] 


[7] Passion flower. 
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Cladode 


Leaf-like modification of an 
internode in between 2 definite 
nodes. 

Small-flattened; green struc- 
ture in between 2 nodes. 
Consisting of one internode 
only, so nodes and internodes 
are undifferentiated. 

Spines absent. 

Mainly photosynthesis and 
storage to some extent. 


Asparagus. 


Pseudo-bulb 


Modification of aerial stem. 


Superficially placed on the 
main stem. 

Swollen, fleshy, appearing like 
a bulb. 

Helps the plant to survive during 
unfavourable condition. 


Vanda (orchids). 


Stem tendril 


Modification of the axillary or 
terminal bud and even some- 
times the inflorescence stalk. 


Axillary or terminal in position. 


Soft, slender, coiled structure. 
Green because of the presence 


of chlorophyll. 
Absent. 


They act as a climbing organ. 
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[L] Bulb and Pseudo-bulb : 


Points of 
Differences 


[1] Nature 


Pseudo-bulb 


Major modification of an entire 

underground stem. 

[2] Bulbous structure with disc-like 
stem and concentrically arranged 
fleshy and scaly leaves. 

3] A lower crown of adventitious 

roots present. 


[1] Minor modification of a part of 
the aerial stem. 

[2] Swollen, fleshy structure, which 
appears like a bulb. 


[2] Structure 


[3] Root [3] Adventitious roots scarse, may 
be present on the basal side of 
the pseudo-bulb. 

[4] Stores food and helps the plant 
to survive during unfavourable 
condition. 


[5] orchid. 


[4] Function 4] Stores food, act as a perennating 


organ. 


[5] Example 5] onion. 


7.14. Matters to Recollect 


1 
i= 
1 
Le 
i= 
os 
Igy 
iS 
is 
1 
is 
Lic 
I, 
i= 
iS 
i= 
1 
1 
iS 


The stem develops from the plumule of a germinating seed. 

It is the ascending axis of the plant, positively phototropic in nature (except 
underground modified stem). 

At an early stage it is green in colour due to the presence of chlorophyll, but with 
maturity, it becomes dark brown and woody due to lignification. 

The stem is differentiated into nodes and internodes. 

It consists of apical bud, helping in apical growth and the axillary buds producing 
the lateral branches. 

The normal function of the stem includes mechanical support, conduction of water 
and nutrients and bearing of leaves, flowers and fruits. 

The stem may also exhibit some special functions like photosynthesis, storage, 
perennation, vegetative propagation, defence etc. 

On the basis of the structure of the stem, a plant can be classified as herbs, shrubs 
and trees, 

The normal stem can be strong or weak in nature. 

The strong stem can be unbranched or branched. 

The unbranched stem can be caudex of coconut and culm of bamboo, 

The branched stem can be pyramidal in nature (excurrent) as in Polyalthia or 
may be irregularly branched (deliquescent) in mango. 

The weak stem can be mainly of two types i.e., trailers and climbers. 

The trailers may be decumbent ( Tridax), procumbent (Basella) and creeper 
(grasses). 

The twiners are special types of climbers, which twin round the support. 

The climbers are of various types like tendril-climber, hook-climber, thorn-climber, 
root-climber, leaf climber etc. 

The stem gets modified to perform specialized physiological or mechanical 
functions. 

The modifications of stem are of 3 types, viz., underground, sub-aerial and aerial. 
The underground modified stems mainly help in storage and include the bulb of 
onion, rhizome of ginger, tuber of potato and corm of Amorphophallus. 
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The sub-aerial modified stems mainly help in propagation like the runner of Oxalis, 
stolon of Mentha, offset of Pistia and sucker of Chrysanthemum. 

The aerial modifications are massive, which make the stems totally transformed 
and hence they are also called metamorphosed stems. 

The metamorphosed stems may help in photosynthesis like phylloclade of Opuntia 
and cladode of Asparagus. 

They may help in defence, like the thorn of Duranta. 

The bulbil of Agave and pseudo-bulbs of orchids help in propagation. 

The stem tendrils help in climbing. 


iS 
1 
= 
1 
1 


7.15. Summary 


The stem is the ascending axis of the plant arising from the plumule of the 
germinating seed. It is positively phototropic and negatively geotropic in nature 
except the underground modified stems. The stem is green in colour initially because 
of the presence of photosynthetic tissue but later the green colour may disappear 
and the stem becomes hard, woody, lignified structure. The stem is differentiated 
into nodes and internodes. The nodes are the points from where the leaves and 
branches come out and the internode join the 2 nodes, The apical growth of the 
stem is helped by the terminal bud and axillary branches are produced from the 
axillary buds. The stem may be weak or strong depending upon its woody stature. 
The weak stem includes the trailers and climbers. The trailers include the decumbent, 
procumbent and creepers. The decumbent stem grows along the ground with raised 
apical part e.g. Tridax, the procumbent stem keeps on growing along the ground 
with slightly raised apex e.g. Basella. Creepers normally grow along the ground 
surface. The twiners coil round a solid support and climbers climb with various 
plant organs. The strong stem may be branched or unbranched the branching can be 
excurrent (e.g. Polyalthia) or irregular (e.g. mango). The unbranched stem can be 
tall, woody with an apical crown of leaves called caudex (e.g. coconut), it can also 
be tall, woody with solid node and hollow internode (e.g, bamboo). The normal 
functions of the stem include mechanical support, bearing of leaves, branches, fruits 
and flowers, conduction of water. The stem gets modified to form specialized 
structures performing special functions like storage, vegetative propagation, 
photosynthesis, defence, climbing erc. The modifications can be classified into 3 
different types like underground, sub-aerial and aerial or metamorphosed. The 
underground modified stems include tuber, rhizome, bulb and corm. The tuber has 
compressed nodes and internodes, nodes are represented as eye-spots with 
adventitious buds (e.g. potato). The bulbs are with disc-like stem with concentric 
fleshy leaves and basal crown of adventitious roots (e.g. onion). The rhizomes are 
irregular with scaly leaves and irregular branching (e.g. ginger). The corm is club- 
shaped structure with adventitious buds and roots (e.g. Amorphophallus). The sub- 
aerial modifications of stem may be runner, offset, stolon and sucker. The runner 
joins two nodes along the ground surface (e.g. Oxalis), the runner-like structure 
present in aquatic plant like Pistia is offset. Stolon is runner-like structure present 
in Mentha, which produces an arch-like structure due to overgrowth, sucker is the 
_ propagating structure present in Chrysanthemum. The aerial modifications of stem 
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is also called metamorphosed stem because it gets massively modified. The 
phylloclade is a flattened photosynthetic structure, where the leaves are reduced to 
form spine like structure e.g. Opuntia. The cladode of Asparagus is a flattened leaf- 
like structure involving one internode. The thorn of Duranta is a pointed axillary 
branch with small leaves helping in defence. The bulbils are specialized bulb-like - 
structure, which help in perennation (e.g. Agave). The pseudo-bulbs are specialized 
storage organs attached to the surface of the stem. The stem tendrils are modified 
structures, which help in climbing (e.g. Gourd). 


7.16. Naming / Discovery / Discoverer 

[1] Arber, A. (1920) did the morphological characterization of the shoot of 
angiosperms. 

[2] Takhtajan, A. L. (1953) demonstrated the phylogenetic principles in higher 
plants. 

[3] Stern, W. L. (1954) worked on the evolution of angiospermic wood. 

[4] Featherly, W. I. (1954) gave the various morphological terminologies for higher 
plants. 

[5] Withner, C. L. (1959) worked on the morphological structures of orchids. 

[6] Clowes, F. A. L. (1961) showed the development of stem structure. 

[7] Bailey, I. W. (1966) demonstrated the vessel structure in cactus. 

[8] Behnke, H. D. (1973) explained the gradual evolution of higher angiospermic 
plants. 

[9] Gifford, E. M. and Corson, G. E. (1975) classified the shoot apices in seed 
plants. 


7.17. Answers to Special Questions 


[1] Name 2 plants where do you find-phylloclade and offset. 
Ans, Opuntia dilleni and Pistia sp. 
[2] What is the smallest angiospermic plant without stem ? IJ. E. E. 1999] 
Ans. Arceuthobium minutissimum, 
[3] Give one example of thorn, prickle and spine. In which one, vascular bundle 
is present ? [J.E.E. 1989] 
Ans. Thorn — Duranta plumeri. 
Prickle — Rosa alba. 
Spine — Opuntia dilleni. 
Thorn is with vascular bundle. 
[4] What are phyllode and cladode ? s [J.E.E. 1992] 
Ans. The phylloclade are the leaf-like petiole of Acacia, which serves the purpose of 
leaf because the leaves fall off early. The cladode is the leaf-like modification of 
a single internode remaining between two specific nodes ; e.g. Asparagus. 
[5] Name two plants which start to grow normally but later become epiphytic 
in nature, IJ. E. E. 1995] 
Ans. Scindapsus officinales ; Ficus pumilla. 
[6] Name the smallest dicotyledonous plant with no stem. 
Ans. Arceuthobium minutissimum. 


[7] 
Ans. 
[8] 
Ans. 
[9] 
Ans. 
[10] 
Ans. 


| 111 
Ans. 


[12] 
Ans. 


[13] 
Ans. 
| [14] 
Ans. 


151 
Ans. 


116] 


Ans. 


1171 
Ans. 


[18] 
Ans. 


[19] 
Ans. 


[20] 
Ans. 
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Name a plant where bud scale is present. IJ. E. E. 1995] 
Ficus benghalensis, 

Name a plant showing dichotomous branching. 

Hyphaene thebacea. 

What is the largest vegetative bud and floral bud ? 

Brassica oleracea var. gemifera (cabbage) ; Rafflesia arnoldi. 

What are mixed buds ? 

The buds which may give rise to either branches or flowers are called mixed 
buds. e.g. apple. 

What are primary and accessory buds ? 

The lowermost bud in the axil is called primary bud and the upper buds are 


+ smaller and are called accessory buds ; e. g. Alstonia- 


What are superimposed and lateral buds ? 

The accessory buds develop very close to each other and are callled 
superimposed buds, as in Alstonia. But when the superimposed buds are placed 
laterally, they are called lateral buds ; e.g. Solanum melangona. 

Name two plants with monopodial branching. 

Borassus flabellifar ; Cocos nucifera. 

What is scape ? 

It is green, moderately hard, inflorescence stalk emerging from the bulb ; e.g. 
onion. 

Mention five points why the underground modified stems are not roots. 
[1] They are differentiated into nodes and internodes. 

[2] They have the terminal and axillary buds. 

[3] The scaly leaves are present around the nodes. 

[4] The adventitious roots are present in the nodes. 

[5] The internal anatomy is like that of stem. 

What are procumbent and decumbent stems ? 

The procumbent stem, is prostrate, growing along the surface of the substratum, 
only the apex is slightly raised e.g. Basella. But decumbent stem is also a weak 
stem growing obliquely from the ground surface ; e.g. Tridax. 

What is sobole ? 

The weak rhizomatous stem with slender internode is termed as sobole and is 
found in grasses. 

What are climbers and twiners ? 

The climbers grow against a solid support with the help of various organs like 
tendril, hooks, roots etc. ; e.g. passion flower. The twiners are called stem 
climbers, where the stem twins round the solid support. e.g. Ipomea. 

What is root stock ? 

The rhizome which grows vertically downwards with adventitious roots arising 
from its base, e.g. Colocasia. 

What are naked bud and closed bud ? 

The buds not covered by scaly leaf are naked e.g. Alstonia, but buds covered 
with bud-scale are closed, e.g. Ficus. 
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[21] 
Ans. 


[22] 
Ans. 


[23] 
Ans. 


[24] 
Ans. 


A TEXT BOOK OF BIOLOGY 


What are ephemerals ? 

The plants which complete their life cycles within few days to few weeks are 
called ephemerals ; e.g. Balanites aegyptica. 

What are dwarf shoots ? 

The axillary branches of limited growth with foliage leaves developing from 
their nodes are dwarf shoots e.g. Barberis. In gymnosperms like Pinus, the dwarf 
shoots usually bear the fructifications or cones. 

What are pseudo-bulbs ? 

The bulb-like swelling on the upper part of the internode of plants like orchids, 
having stored food and acting as a perennating organ, are called pseudo-bulbs. 
How potato varies from sweet potato ? 

Potato is an underground modified stem meant for storage, oval in shape, 
differentiated into nodes and internodes, having axillary buds protected by scale- 
leaves. But sweet potato is modified elongated storage root without nodes and 
internodes, axillary buds and scale leaves, but may have some adventitious buds. 


SSS See ee e EXERCISES eee eee 
@ A. Long Answer type Questions: 


111 
[2] 


[3] 
[4] 


[5] 
[6] 


[7] 
[8] 
[9] 
[10] 


11¹¹ 
121 


What is modified stem ? With labelled diagram, describe the underground modified stem: 
(Ans. 7.11) 
What is bud ? Give the names of different types of buds. Give example of bud scale. What is 
bulbil ? What is its function ? [J.E.E. 1995] (Ans. 7.16, 7.4, 7.11) 
Explain the different types of underground, modified stem with example. (Ans. 7.11) 
Name the different parts of a typical stem. Why does stem get metamorphosed ? Give examples 
of phyllode and cladode. IJ. E. E. 1991] (Ans. 7.11) 
Give the names of different modified aerial stems, citing examples. (Ans. 7.11) 
Give one example of thorn, prickle and spine. In which particular structure, vascular bundle 
is present ? What is sub- aerial modification ? Give examples. IJ. E. E. 1989] (Ans. 7.11) 
Citing examples, describe the different types of aerial and underground modified stems. 


(Ans. 7.11) 
What do you understand by metamorphosed stem ? Describe them with examples and sketches. 

(Ans. 7.11) 
Describe the different types of sub-aerial modified stems with examples and sketches. 

(Ans. 7.11) 
What are the major characteristics of stem ? (Ans. 7.3) 
State the different mechanical and physiological functions of stem. (Ans. 7.10) 


What are climbers ? Describe with examples, the different types of climbers. (Ans. 7.9) 


© B. Short Answer typé Questions: 


(1) 


[2] 
[3] 
[4] 
[5] 
[6] 
[7] 


[8] 
[9] 


Name a plant which begins its life-cycle normally but later becomes epiphytic. 
II. E. E. 1994] (Ans. 7.16) 


Name the smallest dicotyledonous plant without stem. [J.E.E. 1994] (Ans. 7.16) 
What are phylloclades and cladodes ? (Ans. 7.11) 
Name the different parts of a typical stem. [J-E.E. 1992] (Ans. 7.4) 
Name the different types of modified aerial stems, citing examples. (Ans, 7.11) 
Name the different types of underground stems. Give examples. (Ans. 7.11) 
Why is bud called a condensed shoot ? What is a mixed bud 2 Give example of a mixed bud. 
Name the largest bud. [J-E.E, 1990] (Ans. 7.16) 
Why is ginger called a modified stem ? (Ans. 7.11) 
Why underground modified stems are not roots ? (Ans. 7.16) 
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[10] State the morphological peculiarities of potato. 
[11] Describe the main functions of stem. 

[12] Describe briefly the different parts of a typical stem. 
[13] What are sinistrorse and dextrose climbers. 
[14] What is procumbent stem? 

[15] Describe briefly the plant perennating organs. ` 
[16] What are tunicate bulbs ? 

[17] What are twiners ? 

[18] Describe a root- stock. 

[19] What are suckers and offset ? Give example. 
[20] What are leaf tendrils ? Give examples. 


@ C. Very short Answer type Questions: 


[1] Why stems become metamorphosed ? 
[2] Name the plant where rhizome is found. 


[3] Name the flowering plants with phylloclade and offset. 


[4] What are sub-aerial modified stems ? Give examples. 
[5] What is bulbil ? 
[6] What is thorn ? 
[7] What is stem tendril ? 
[8] What is spine? 
[9] What is root-stock ? 
[10] What is scape ? 
[11] What is an axillary bud? 
[12] Which part of the embryo develops into stem ? 
[13] What is caudex ? 
[14] What is culm ? 
[15] What are biennials ? 
[16] What do you mean by under-shrubs ? 
[17] What are racemose and cymose branching ? 
[18] What is jointed stem ? 
[19] What are thorn-climbers ? 
[20] What are hook-climbers ? 
[21] What is a prickly stem? 
[22] What is meant by ribbed stem ? 


© D. Distinguish between: 


[1] Thorn and Prickle. 
[2] Phyllode and Phylloclade. 
[3] Cladode and Phylloclade. 
[4] Underground modified stem and ee typical stem. 
[5] Bulb and Corm. 
[6] Culm and Caudex. 
[7] Trailer and Runner. 
[8] Bulb and Bulbil. 
[9] Thorn and Spine. 
[10] Potato and Sweet potato. 
[11] Apical and Axillary bud. 
[12] Stolon and Sucker. 
[13] Rhizome and Corm. 
[14] Stolon and Offset. 
[15] Runner and Sucker. 
[16] Bulbil and Pseudo-bulb. 
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[T.H.S. 1986] (Ans. 7.11) 
JE. E. 1988] (Ans. 7.10) 
(Ans, 7.4) 

(Ans. 7.9) 

(Ans. 7.9) 

(Ans. 7.10) 

(Ans. 7.11) 

(Ans. 7.9) 

(Ans. 7,11) 

(Ans. 7.11) 

(Ans. 7,11) 


[J.E.E. 1992] (Ans. 7.11) 
(Ans, 7.11) 
(Ans. 7.11) 
(Ans. 7.11) 
(Ans. 7.11) 
(Ans. 7.11) 
(Ans. 7,11) 
(Ans. 7.11) 
(Ans. 7.16) 

(Ans. 7.9) 
(Ans. 7.4) 
(Ans. 7.1) 
(Ans. 7.9) 
(Ans, 7.9) 
(Ans, 7.5) 
(Ans. 7.5) 
(Ans. 7.6) 
(Ans. 7.7) 
(Ans. 7.9) 
(Ans. 7.9) 
(Ans. 7.8) 
(Ans. 7.8) 


(Ans. 7.11) 

[T.H.S. 1987] (Ans. 7.16) 
[J-E.E. 1988] (Ans. 7.13) 
(Ans. 7.11) 

(Ans. 7.13) 

(Ans. 7.9) 

(Ans. 7.9) 

(Ans. 7.13) 

(Ans. 7.11) 

(Ans. 7.16) 

(Ans. 7.4) 

(Ans. 7.13) 

(Ans. 7,13) 

(Ans. 7.13) 

(Ans, 7.13) 

(Ans. 7.13) 
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Thorn and Stem tendril. 
Bulb and Pseudo-bulb. 


E. Short Notes: 


1015 
(2) 
131 
(4) 
[5] 
[6] 
7) 
[8] 
[9] 

10] 

(11) 

112 

1130 

[14] 

(15) 

110 

07) 

[18] 

110 

(20) 

(21) 

122 


Sub. aerial modified stem. 
Tuber of potato. 
Phylloclade of Opuntia. 
Bulbil. 

Cladode. i 
Scape. 

Bulb. 

Rhizome. 

Offset. 

Runner. 

Lianes. 

Caude x. 

Culm 

Thorn, 


Stem-tendril, te 


Sucker. 

Stolon. 

Root-stock. ! 
Corm. 01 
Prickle. 

Dichotomous branching. 

Deliquescent stem. 


. Multiple choice type Questions : 


uy 
121 
131 
141 
151 
(6) 
7) 
[8] 
[9] 
110) 


The stem consists of nodes / internodes / axillary buds / all of them. 
Leaves are present on internodes / tendrils / thorns / spines, 

Ribbed stem is found in gourd / sugarcane / rice / Cyperus. 

Excurrent branching is present in mango / jute / paddy / Polyalthia, 
‘Twiners are stem climbers / root climbers / leaf climbers / tendril climbers. 
Pubescent stem is present in chinarose / maize / sunflower / mango. 

‘The example of thorn-climber is Lantana / cane / Zizyphus / all of them. 

Cladode is present in Opuntia / Asparagus / Acacia / Ipomea. 

Eye spots are present in stem tuber / root tuber / corm / bulb, 

Fleshy leaves are present in rhizome / bulb / corm / tuber. 


6. Fill in the blanks : 


111 
(2) 
131 
[4] 
[5] 
101 
17¹ 
(8] 
(9] 
[10] 


Sub-aerial modified stem helps in 
Stolon is observed in 
Spines are present in of A 
Pseudo-bulbs are observed in the of 
Tendril climbers have stem. 

The pitcher plant has modified. H 
Water hyacinth has a fleshy. helping in. M 
The terminal bud usually helping in 

The short-lived plants like are called 
The coconut stem shows. branching. 


© H. Put / Mark on Yes/No for correct answer: 
(1] Stems are always positively phototropic in nature. Yes / No. 


[2] Root stock is observed in ginger. 


its Yes / No. 


(Ans. 7.13) 
(Ans. 7.13) 


(Ans. 7.11) 


(Ans. 7.11) 
(Ans. 7.11) 
(Ans. 7.11) 
(Ans, 7.11) 

(Ans. 7.9) 
(Ans. 7.11) 
(Ans. 7.11) 
(Ans. 7.11) 
(Ans. 7.11) 

(Ans. 7.9) 

(Ans. 7.9) 
(Ans. 7.11) 
(Ans. 7.11) 
(Ans. 7.11) 
(Ans. 7.11) 
(Ans. 7.11) 
(Ans. 7.11) 
(Ans. 7.11) 
(Ans, 7.11) 
(Ans. 7.6) 
(Ans. 7.9) 


STEM 245 


Axillary buds may produce flowers. Ves / No. 
Stem may help in translocation of food. ue Ves / No. 


Eye spots are observed in onion. ves / No. 

Clematis have leaf stock. sss... Yes / No. 

Acacia shows the presence of cladode, r Yes / No. 

Rhizome usually has scaly leaves. risia Yes / No. 

Offset is observed in terrestrial plants. s Yes / No. 

Corm is a single swollen node. „x Yes / No. 
Answers to O. No. F, G, H 


. [1] All of them. [2] thorns, [3] gourd. [4] Polyalthia. IS] Stem climbers. [6] sunflower. [7] all 


of them. [8} Asparagus. [9] Stem tuber, [10] bulb, 


II] vegetative propagation. [2] Mentha. Iq] phylloclade, Opuntia.. HA] stem’; orchids. IS] 


weak. [6] leaves. [7] petiole ; floatation, [8] apical growth. [9] Balanites ; ephemerals, [10] 
monopodial. 
III No. [2] No. [3] Yes. [4] Yes. [5] No. [6] Yes: [7] No: [8] Yes. [9] No, [10] Yes. 


Leaf 


Topics Discussed : Introduction, Definition, Characteristics of leaf, Parts of a typical leaf and their functions, 
Kinds of leaves, Texture of the leaf blade, Surface of leaf blade, shape of leaf-blade, Stipule types and 
modification, Modifications of petiole and the leaf blade (lamina), Venation, Definition and types, Simple 
leaves, Compound leaves (Pinnate and Palmately compound leaves), Phyllotaxy, Definition and types 
Homophylly and Heterophylly. Normal and special functions of leaves, Comparative Discussions. 


8.1. Introduction 


The leaves are lateral, flattened, exogenous plant organs of limited growth, having 
definite shapes and arising from the nodes of the main stem or that of the branches. The 
first formed leaves are the cotyledonary leaves, while the vegetative leaves arise due to 
the modification of the main stem. The leaves are green in colour due to the presence 
of chlorophyll and are the major photosynthetic organs. The leaves are either simple or 
compound in nature, the compound leaves may be pinnate (with elongated rachis) or 
palmate (with shortened rachis) in nature. The typical leaf consists of lamina or 
epipodium, leaf stalk or petiole or mesopoduim and the leaf base or hypopodium. The 
lamina is differentiated into leaf apex, leaf margin and the lamina surface, The network 
of vascular tissues in the lamina is called venation, which are of 2 types. i.e., reticulate 
and parallel. The leaves are arranged in acropetal succession, i.e., the first formed 
leaves occupy the lowermost position in the branch, while the last formed ones occupy 
the uppermost position. The major function of leaves includes preparation of food by 
photosynthesis, loss of excess water vapour by transpiration and gaseous exchange 
during respiration. They also perform some special functions like storage of food and 
water, mechanical support, protection, trapping of insects etc. 


8.2. Definition 


A leaf is a flat, exogenous, lateral structure of the stem, containing chlorophyll 
pigment and bears a bud in its axil. 


8.3. Characteristics of Leaf 


[1] The leaves are flat, expanded structures of limited growth. 

[2] They are usually green in colour due to the presence of chlorophyll. 

[3] After the germination of seed, the first formed leaves arise from the cotyledon 
and are called cotyledonary leaves. 

[4] The vegetative leaves are arising due to the modification of the apical meristem. 

[5] The leaves are dorsiventral or isobilateral in nature. 


[6] Leaves are differentiated into leaf blade or epipodium, leaf-stalk or mesopodium 
and leaf-base or hypopodium. 


[7] Sometimes the leaves are without petiole and are called sessile leaves. 
[8] The axillary buds are present at the axil of the vegetative leaves, 
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[9] They are lateral, exogenous structures, usually with broad lamina to receive 
more sunlight, sometimes reduced to provide protection to the stem. 

[10] The leaves usually appear in acropetal succession, i.e., the lower leaves are 
first formed, while the upper leaves are later formed. 

[11] The leaves are provided with vascular tissues and its arrangement is termed as 
venation, the monocots have parallel venation, while dicots have reticulate venation. 

[12] The leaves may be simple or compound in nature, i.e., formed by the aggregation 
of several leaflets. 

[13] Compound leaves may be pinnate (with elongated rachis) or palmate (with a 
shortened rachis). 

[14] The leafy outgrowths arise from the leaf base called stipule, which may be 
protective in nature or may help in photosynthesis. 

[15] The major functions of the leaves include photosynthesis, gaseous exchange 
and transpiration. 

[16] The lamina, leaf stalk may be modified to perform specialized functions like 
storage of food and water, protection etc. 


8.4. Parts of a Typical (Complete) Leaf 


A typical leaf consists of the following parts, having the following characteristics 
and functions: 


[1] LEAF BASE OR HYPOPODIUM : 


Definition : The base of the lamina represents the hypopodium. 

Characteristics : 

[i] The stretched area at the base of the petiole represents the leaf base. 

[ii] It represents the area of attachment between the lamina and the main stem. 

[iii] The upper part of the leaf base represents the leaf axil, which may bear the 
axillary buds. 

[iv] The stipules arise form this area. 

[v] The leaf base may be swollen forming a cushion-like structure called pulvinus 
e.g. mango. Sometimes the cells of the pulvinus may be swollen, consisting of turgid 
cells giving mechanical support to the plant e.g. Mimosa pudica. Whenever touched, 
the pulvinus lose water and the plant droops down, due to seismonasty. 

[vi] In monocot plants, the leaf bases are stretched, forming a sheath-like structure, 
clasping around the stem, which is called sheathing leaf base ; e.g. paddy. 

Functions : [i] Helps in the fixation of the leaves to the stem. 

[ii] Protection to the stem in the form of sheathing leaf base. 

[iii] Storage of water in the pulvinus. 


[2] PETIOLE OR MESOPODIUM OR LEAF STALK: 

Definition : The short stalk connecting the lamina and leaf base is called petiole. 
Characteristics : 

[i] The stalk is cylindrical, stout but non-woody in nature. 

[ii] It can be long, short or sometimes absent. 

[iii] It attaches the lamina to the leaf base. 
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[iv] It lies in the same plane as with the lamina axis. 

[v] There are some leaves 
without petiole and they are called 
sessile leaves (e.g. poppy). 

[vi] Majority of the leaves are 
with petiole and are called petiolate 
leaves (e.g. Ficus, Hibiscus etc.). 

[vii] Sometimes the petiole: is 
attached to the ventral surface of the 
lamina at right angles, and it is 
called the peltate leaf. 

Functions: [i] It supports the 
lamina and attaches it to the main 
stem. 

[ii] It spreads the lamina to the 
environment to receive light for 
photosynthesis. 

[iii] It forms the leaf axil and 
gives the space for axillary bud. 

Fig. 8.1 : A typical leaf of chinarose (B. Jaba). [iv] It conducts food and water 
to the lamina. 


[3] LAMINA OR LEAF BLADE OR EPIPODIUM : 


Definition : The flat lateral portion of the leaf enriched in chlorophyll, helping in 
Photosynthesis is called lamina. 

Characteristics : 

[i] It is the flattened, expanded, terminal portion of the leaf. 

[ii] It is mostly green in colour due to the presence of chlorophyll, but sometimes 
may appear vareigated due to the presence of other pigments, 

[iii] It has a fine network of veins, which may be reticulate or parallel in nature. 

[iv] In most of the leaves (barring a few) there is a distinct mid-rib, that runs distinctly 
through the middle of the lamina from base to apex. 

[v] The petiole usually is a continuation of the mid-rib at the base of the lamina. 

[vi] The apical part of the lamina forms the leaf-apex. 

[vii] The lateral sides of the lamina form the leaf margin. 

[viii] The lamina has two faces, the upper face or the dorsal face or the adaxial 
surface is deep green in colour, due to the presence of more density of chlorophyll, 
while the lower surface or the ventral surface or the abaxial surface is grass-green in 
colour due to less chlorophyll concentration. 

[ix] The differences in the dorsal and ventral surfaces are distinctly observed in the 
dorsiventral leaf (e.g. Dicot leaves like mango, Cucurbita etc.). 

[x] But if the two surfaces are identical or similar in nature, they are isobilateral 
leaves e.g. Monocot leaves of rice, wheat, maize erc, 

[xi] If any of the parts of the leaves are lacking (amongst epipodium, mesopodium 
and hypopodium), the leaves are said to be incomplete (e.g. Agave). 

Functions : [i] It is the principal site for photosynthesis, 


Leaf Base 
Stem 
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[ii] The venation forms the framework or the basic skeleton of the leaf blade. 

[iii] The thick cuticle formed of cutin protects the lamina. 

[iv] The veins help in conduction of water and translocation of food in the leaf 
tissues. - 

[v] The presence of stomata helps in gaseous exchange and loss of excess water in 
the form of water vapour by transpiration. 


8.5. Kinds of Leaves 


The angiospermic leaves are classified into various types, depending on their 
structure, position,-forms and functions and they are as follows : 


11] COTYLEDONARY LEAVES OR SEED LEAVES : 


Definition: The leaves of the seed, which surrounds the embryo, are called 
cotyledonary leaves. 

Structure: [i] They are the integral part of the seed. 

[i] They vary in their number, i.e., two in dicotyledonous plant, one in 
monocotyledonous plant. , 

[iii] In some dicot plants, they store food and become fleshy, e.g. gram, pea etc: 

[iv] In certain monocot plants, they are without storage food, ie., thin and 
membranous in nature. e.g. paddy, wheat etc. 

[v] After the germination of seed, the cotyledonary leaves get withered and fall off. 

Functions : [i] They are the first photosynthetic structures. 

[ii] They protect the embryo. 

[iii] They may become fleshy by storing food. 


[2] SCALY LEAVES OR CATAPHYLLS : 


Definition : The membranous, dry, non-green leaves, which remain around. the 
nodes of underground stems are called cataphylls. 

Structure : [i] They have dry, papery texture and are non-green in nature in 
underground stems. 

[ii] They may be fleshy due to accumulation of food in the bulb of onion. 

[iii] They may be green in colour in the sub-aerial shoots of bamboo, Asparagus 
etc. 

[iv] They may protect the axillary buds and are called bud-scales, e.g. jackfruit. 

Functions : [i] Storage of food, as in onion. 

[ii] Protection of the nodes. 

[iii] Protection to the axillary buds. 


[3] BRACTS OR BRACT LEAVES OR HYPSOPHYLLS : 

Definition : They are modified, reduced foliage leaves with the flower buds in their 
axils. 

Srtucture : [i] They are reduced foliage leaves. 

[ii] They bear the flower buds in their axil. 

[ii] They are variously coloured and modified, which are as follows : 

[a] Spathy bracts : They are fleshy, leathery bracts present in arum, which protect 
the inflorescence stalks. 
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[b] Petaloid bracts : The bracts are brightly coloured and have petal-like texture 
because the original flowers are minute in size. e.g. Bougainvillea. 


Petaloid “Flowering Glume 


Palea 


Empty Glume 


( Non-Flowering) 
| 
Mee, SSS | 


Fig. 8.2: Types of Bracts : [A] Spathe (arum), [B] Petaloid (Bougainvillea), 
[C] Glumes (paddy), [D] Epicalyx (chinarose), [E] sunflower). 


[c] Glumes : The two empty glumes are present at the base of the spikelet 
inflorescence of paddy. 

[d] Epicalyx : They are pointed, leafy projections, remaining at the base of the 
chinarose flowers. 

[e] Involuere: They are leafy structures remaining at the base of the receptacle of 
capitulum inflorescence of sunflower. 

Functions: [i] They protect the young flower buds, flowers and inflorescence. 

[ii] They may help in photosynthesis. 

[iii] They are colourful (as in Bougainvillea) and help in insect pollination. 

[4] FLORAL LEAVES OR SPOROPHYLLS : 

Definition : The essential and accessory whorls of flowers are collectively called 
sporophylls. 

Structure : [i] There are four basic types of sporophylls. 

[ii] The outermost whorl is calyx, comprising of sepals, usually green in colour. 

[iii] The second accessory whorl or corolla consists of petals, which are colourful. 

[iv] The calyx and corolla are called accessory whorl, and sometimes remain 
undifferentiated as perianth. 

[v] The third and fourth whorls are called essential whorls, because they take part 
in reproduction. 

[vi] The third whorl is androecium, consisting of individual units called stamens, 
and is the male reproductive organ. 

[vii] The fourth whorl or the gynoecium is the female reproductive whorl and have 
the individual units called carpels. 

Functions : [i] The accessory whorls protect the essential whorls. 

[ii] The calyx may help in photosynthesis. 

[iii] The corolla attracts insects for pollination. 

[iv] The essential whorls help in reproduction. 


[5] FOLIAGE LEAVES : 


Definition : The expanded, dorsiventrally flattened green structures. 
Structure : [i] They are the most common types of leaves. 
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[ii] They have three basic structures, i.e., epipodium, hypopodium and mesopodium 
and appear from the nodes (cauline). 

[iii] The details of these structures are already dealt in Art. 13.4. 

Functions : [i] They help in photosynthesis. 

[ii] They help in the loss of excess water by transpiration. 

[iii] They help in gaseous exchange. 

[6] PROPHYLLS : 

Definition: The first formed leaves are called prophylls. 

Structure : [i] They do not have well differentiated structures. 

[ii] The may form spines, as in wood-apple or into tendrils in Cucurbita. 

Functions : [i] They form the foliage leaves in most cases. 

[ii] They may form tendrils, giving mechanical support in gourd. 

[iii] They may form spine, giving protection in wood apple. 


8.6. Texture of the Leaf Blade or Lamina 

The texture of the lamina may be of various types and they are as follows : 

[1] Membranous : The lamina is soft, membrane-like, formed of parenchymatous 
cells e.g. chinarose. 

[2] Succulent The lamina is thick, fleshy, containing stored food and water, e.g. 
Bryophyllum. 

[3] Glandular or Gland-dotted : The lamina is showing localized raised portions 
due to the presence of epidermal glands e.g. lemon. 

[4] Coriaceous : The leaf is thick and leathery in nature. 


8.7. Surface of Leaf Blade or Lamina 


The surface of leaf blade may be as follows : 

[1] Glabrous : The surface is smooth in nature; e.g. mango. 

[2] Pubescent : The surface contains epidermal hairs ; e.g. Calotropis, Lantana. 

[3] Glaucus : The surface is not only smooth, but it is shiny in nature due to the 
presence of a waxy cuticle e.g. lotus, arum. 

[4] Viscus : The surface is sticky due to the production of gums, resins etc., e.g. 
Cleome. 

[5] Scabrous : The surface is rough due to the presence of minute epidermal hairs, 
e.g. fig. 

; (ey lige : The surface is wrinkled due to the variation in turgidity ; e.g. Rubus. 

[7] Glandular : The surface contains epidermal glands ; e.g. lemon. 

[8] Spinose : The surface contains numerous sharp, pointed spines, which may be 
either on the veins or on the margin. e.g. brinjal (Solanum melongena). 


8.8. Shape of Leaf Blade or Lamina 

The leaves can be classified into six major types depending upon their shapes, and 
they are as follows : 

[a] Narrow throughout : 

[1] Linear : The leaves are narrow and elongated, e.g. tuberose. 

[2] Acicular : The leaves are narrow, elongated and needle-shaped, e.g. Pinus. 
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[b] Wider base and narrow apex : rN 

[1] Ovate : The leaves have an oval-shape, eg Ficus, = 9 

[2] Cordate: Ie leaves are heart-shaped eig betel !! 

[3] Sagittate : The leaves are broadly: arrow shaped with pointed apex ; e.g. 
Sagittaria. zd talaw zò bo kol xd ni al- ii 

(4) Reniform : The leaves are kidney-shaped in nature: e. g. Hydrocotyle (B. 
Thankuni). enen [d] 

[5] Lunate : The leaves are crescont.· shaped (half-moon shaped) g e Adiantum 


(walking fern), Mesolib Haw rs 


tion 


st 
i 
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Fig. 8.3 $ (1) Acicular (Pinus), (2) Linewr (paddy), (3) Lanceolate (Nerium), (4) Elliptical’ (Indian 

Popa (5) Oblong (banana), (6) Ovate (chinarose), (7) Obovate (Jack fruit), (8) Obcordate (Oxalis), 

(9) Sagitiate (Sagittaria) (10) Hastate (med. (II Raniform (Hydrocotyle), (1 Cordate (Betel), 

(13) Spathulate (Arum), (14) Orbicular (Lotus), (15) Lyrate (Mustard), (16) L a 


e oil! 9) sul An Gree rel 
[6] Hastate : The leaf is arrow shaped with flat base e.g. Ipomea, 


widald (1) 


at the end. e.g. banana. 

[d] Narrow base with wider apex zanima to abala tes | do qa. 8.3 
II Obovate : The leaves are inversely egg-shaped ; e.g. Jackfruit, : 

[2] Obcordate : The leaves are inversely heart-shaped ; e.g. Oxalis, Bauhinia, 


[2] Orbicular ; The leaves are perfectly round in shape with the petiole arising 
from the centre ; e.g. lotus, water-lily. 
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[f] Incised leaves: i i 

[1] Lyrate : The leaves are deeply dissected 
mustard. 

[2] Runcinate : Lamina is coarse by serration with teeth-like structures pointing 
towards base. e.g. poppy. f 


8.9. Apex of Leaf Blade 
The apices of leaf blades or lamina may be of the following types: 
[1] Acute: The margins form an acute angle. e.g. mango, chinarose. 
[2] Acuminate : The apex is long and pointed. e.g. Ficus religiosa (peepul). 
[3] Obtuse : The margins form an obtuse angle: e.g. Ficus benghalensis (banyan), 
[4] Spiny : The apex is sharp and spiny. e.g. date-palm, pineapple. 
[5] Tendrillar : The apex forms a tendril-like structure, helping in climbing. e.g. 
Gloriosa, Ul Asen) evan f 
[6] Cirrhose : The tip is slightly projected and recurved in nature. e.g: banana. 


y 


1 wh T 


to gives lyrate shape, e.g. radish, 


¥ 


tugi ! 


Fig. 8.4 : Apices of Leaf [A] Obtuse. (banyan), 1B) Acute (mango), IC) Acuminate (peepul), (D] 
Spiny (date palm), [E] Retuse (Pistia), [F]; Emerginate (Bauhinia), (G), Mucronate (Cassia), [H] 
Tendrillar (Gloriosa), [1] Cirrhose (banana). 

[7] Retuse : The apex is obtuse with a shallow notch. &g. Pistia, Oxalis: 

Is] Emerginate : The apex is provided with a deep notch, èg Bawhiniay "90 

{9} Cuspidate : The leaf apex ending in a long, rigid and spiny point. e.g. Agave. 

{10} Mucronate : A rounded or blunt apex with a short point in the middle. e.g. 
Cassia obtusifolia. 


8.10. Margins of Leaf Blades k 

‘The margins of the lamina can be classified in the following way ; 

I Entire : The margin is smooth und even in nature. e.g. mango, 

[2] Wavy or Undulate or Sinuate : The margin is wavy (ie. up and down in 
nature), e.g. Polyalthia, * Ay itali 

{3} Serrate : The margins are cut like the teeth of a saw and the teeth are directed 
upwards, ¢.g. neem, chinarose, rose. 

[4] Dentate The margin is toothed and the teeth are projected, outward at right 
angles to the margin e.g. Nymphea, water-lily. 
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[5] Crenate : The margin with shallow teeth which are round or obtuse in nature. 


e.g. Hydrocotyle, Bryophyllum. 


Fig. 8.5 : Margins of Leaf : [A] Entire (mango), [B] Wavy (Polyalthia), [C] Serrate (Chinarose), 
[D] Dentate (water lily), [E] Crenate (Hydrocotyle), [F] Spiny (Mexican poppy). 
[6] Spiny : The margin is provided with spines. e.g. Argemone, pineapple. 
[7] Lobed : The margin is differentiated into lobes. e.g. radish, Tagetis, 
[8] Ciliate : The margin ciliated, i.e., with hairs, e.g., Cleome viscosum. 


8.11. Stipules 


[1] Definition : A stipule is an outgrowth of the leaf base. 


[2] Characteristics : 


(i) They are tiny, leaf-like structures growing on both sides of the leaf base. 

(ii) They protect the leaf bud at an early stage of development. 

(iti) Sometimes they are larger and conspicuous. 

(iv) They may be deciduous or persistent in nature. 

(v) They may be modified to perform various functions. 

[3] Types : The stipules may be classified on the basis of the duration of its existance 


and structure: 

[a] On the basis of 
duration of existance : 

[i] Caducous : The 
stipules fall off before the 
unfolding of the leaves. e.g. 
Michelia champaca. 

[ii] Deciduous : The 
stipules fall of after the 
unfolding of the leaves. e.g. 
Dillenia indica (B. Chalta) ; 
Cassia tora. 

[iii] Persistent : The 
stipules remain attached to 
the base of the leaf all 
through its life time. e.g. 
rose. 


Fig. 8.6 : Types of Stipules : (1) Free lateral (chinarose), (2) 
Adnate (rose), (3) Intra-petiolar (Gardenia), (4) Intra-petiolar 
(Houttuynia), (5) Inter-petiolar (Anthocephalus), (6) Ochreate 
(Polygonum). 
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[b] On the basis of structure : 

[i] Free lateral : They are two small, leaf-like, free outgrowths on both sides of the 
petiole at the leaf base. e.g. chinarose. 

[ii] Adnate : The stipules remain attached to both side of the petiole upto a certain 
height and then becomes free lateral. e.g. rose. 

[iii] Intra-petiolar : The stipules occur on both sides of the opposite leaves and 
unite together by their inner margins. Thus they appear to be placed in between the 
leaves and stems. e.g. Gardenia, Houttuynia. 

[iv] Inter-petiolar : These small stipules occur on both sides of the opposite leaves 
and the two pairs of stipules of the opposite leaves unite at their outer margins. e.g. 
Ixora, Anthocephalus (B. Kadam). 

[v] Ochreate : The stipules are sheath-like and tubular in shape, formed by the 
union of several stipules. It covers the node and also greater part of the internode. e.g. 
Polygonum, Rumex. 

[4] Functions : 

[i] They help in photosynthesis. e.g. pea. 

[ii] They cover the node. e.g. Polygonum. 

[iii] They protect the leaf base. e.g. Barleria. 

[iv] They protect the petiole. e.g. rose. 

[v] They help in climbing. e.g. Smilax. 


8.12. Modifications of Leaves 


[a] Modification of leaf blade (epipodium): 

The lamina may be modified in various ways for serving various purposes, which 
are described below : 

[1] Insectivorous leaves : The insectivorous plants like sundew, bladderwort, pitcher 
plant have various modified lamina, suitable for trapping insects and they are as follows: 

[i] In pitcher plant (Nepenthes khasiana), the lamina is modified to form pitcher- 
like structures, 

[ii] In sundew (Drosera), the lamina is modified to form tentacular structures, suitable 
for trapping insect. 

[iii] In bladderwort (Utricularia stellaris), the lamina forms a bladder-like structure 
with a trapping door for catching insects. 

[2] Leaf tendrils : The lamina gets modified to form tendril-like struetures in plants 
with a weak stem, which help them in climbing. They may be as follows : 

(i) Entire leaf is modified to form tendril in Lathyrus aphaca. 

(ii) Upper leaflets modified to form tendril in pea. 

(iii) Terminal leaflets modified to form tendril in Naravelia. 

(iv) Leaf tip is modified to form tendril in Gloriosa. 

[3] Leaf spines : The lamina as a whole or different parts of it are modified to form 
spines, which protect the lamina or reduce transpiration, and are denoted below : 

[i] The whole lamina is modified to form spine in Opuntia (prickly pear), which 
reduces transpiration. 

[ii] The first pair of leaves of axillary buds are transformed to form spines. e.g. 
lemon, orange. 
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[iii] The leaf apex is modified to spine in date-palm. 

liv] The leaf margin is modified to form spine in Argemone. 

[V] The leaf apex and margins are modified to form spine in pineapple. 

[4] Hooks : The terminal leaflets become modified to sharp, claw-like hooks, which 
cling to a solid support or the bark of a tree helping the plant to climb. e.g. Bignonia. 

[5] Fleshy leaves : The leaves become fleshy and succulent structures, which help 
in storage of food and water. e.g. Aloe, Basella: 

[6] Root-like structures : In certain aquatic plants like Salvinia, true roots are 
absent, the submerged leaves become dissected absorptive structures. 

[7] Bud scales: They are strong scaly leaves, which protect the apical bud and 
primary meristem, later they fall off after the maturity of the meristematic tissue. e.g. 
Ficus, Casuarina. 

[b] Modification of the petiole (mesopodium) : 

The petiole may be modified to form various structures, which serve various 
specialized functions and they are as follows : 

[1] Winged petiole : The petiole has 2 lateral Wing. like projections, which protect 
the petiole and help in photosynthesis e.g. lemon. 


Leaflets 


Fig. 8.7 : Modification of petioles : [1] Winged (Lemon), [2] Tendrillar (Clematis), 
[3] Swollen (water hyacinth), [4] Phyllode (Acacia). 

[2] Swollen petiole : The aquatic plants like water hyacinth has spongy tissue and 
lot of aerenchyma in the petiole, which help the plant to float in water. 

[3] Tendrillar petiole : In plants like Clematis, the petiole is long and coiled like a 
tendril and helps in climbing. 

[4] Phyllode : In plants like Acacia, the lamina of a matured leaf falls off and the 
petiole gets modified into a dorsiventrally flattened leaf-like structure called phyllode, 
which helps in photosynthesis. 

[c] Modification of leaf base (hypopodium) : 

[1] Sheathing leaf base : The leaf base becomes sheathing in plants belonging to 
grass family (graminae) and they clasp around the node, giving protection and petiole 
is absent, 

[2] Pulvinus : The leaf base in Mimosa pudica becomes swollen due to the presence 
of turgid cells called pulvinus and when these plants are touched, the water from the 
pulvinus comes out and the plants droop down due to seismonastic movement. When 
the shock is withdrawned, the pulvinus regains water and the plant regains its original 
configuration. 
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[d] Modification of Stipules : 

The stipules also get variously modified to perform different specialized functions, 
as detailed below : 

[1] Foliaceous stipule ; The stipules form broad, leaf-like structures serving as 
additional photosynthetic surface ; e.g. pea. 

[2] Tendrillar stipule : The 
stipules get modified to form 
climbing structures or tendrils 
helping in climbing, e.g. 
Smilax. 

[3] Spiny stipule : The 
stipules form spiny structures 
providing protection to the leaf 
base. e.g. Barleria prionitis. 

[4] Scaly stipules : The 
stipules are represented by two 
dry scales adhering to the stem 
to protect it. e.g. Mimosa 
pudica, Desmodium gyrans. 

[5] Convolute or ventral 
stipules : They are similar to bud scales, arising from the ventral side of the petiole and 
meet with each other to form bud-scales, it provides protection to the axillary buds. e.g. 
jackfruit, peepul. 


Fig. 8.8 : Modification of Stipules : (1) Bud scale 
(peepul), (2) Tendrillar (Smilax), (3) Foliaceous (pea), 
(4) Spiny (Mimosa pudica). 


8.13. Venation 

The profuse system of conducting tissues or vascular bundles in the lamina, which 
help in conduction of water and translocation of food to and fro from the lamina, what 
helps in various physiological processes like photosynthesis, transpiration ete. They 
include ramifying veins and veinlets and also provide mechanical strength and rigidity 
to the leaves. 

Definition: The system in which the veins and veinlets are arranged on the lamina 


is called venation. 
Classification: The various types of venation are given in the following table: 


Venation 
Reticulate Parallel 
Unicostate Multicostate Unicostate Multicostate 
e.g. mango e.g. Ficus 
Divergent Convergent Divergent Convergent 


e.g. gourd e.g. bayleaf (tejpata) e.g. fan- pam e.g. bamboo 


As indicated in the table. the venation is mainly of two types, viz., reticulate and 
parallel. 
2253—17 
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[1] Reticulate venation : The anastomosing form of veins, which forms a network 
or reticulum on the lamina by repeated branching of the mid-vein (midrib) and the 
lateral branches. It is a characteristic feature of dicotyledonous leaves, except arum 
leaves. On the basis of the number of major veins, they are classified in the following 
two types : A 
[a] Unicostate or Pinnate : In this case, there is a single midrib (costa), which 
gives rise to small, lateral veins and they ultimately branch repeatedly to form a network 
of venation e.g. mango, Ficus. 


Midrib 
(Main Vain) 
DA 


Unicostate Multicostate Multicostate 
A B 8 


Fig. 8.9 : Types of reticulate venation : [A] Unicostate (Ficus), 
[B] Multicostate-convergent (Cinamon), [C] Multicostate-divergent (gourd). 


[b] Multicostate or Palmate : This type of venation includes more than one 
functional midrib arising from the tip of the petiole. They are of the two following 
types: i: 

[i] Multicostate divergent : The veins arise from the tip of the petiole, diverge in 
different directions on the lamina and end at different points on the lamina instead of 
meeting at the apex. e.g. gourd. 

[ii] Multicostate convergent : In this type, the spreading mid-veins arise from the 
petiole and gradually converge at the apex of the leafblade. e.g. Cinamon (B. Tejpata). 


[2] Parallel venation : In this type of venation. the veins are arranged in straight 
lines on the lamina. The lateral veinlets here, remain parallel to each other forming the 
parallel or striate venation. It is usually a characteristic feature of monocotyledonous 
plants and the dicot plant Garcinia. On the basis of the number of midribs, the parallel 
venation can be of the following two types : 


[a] Unicostate or Pinnate : There is a single midrib, which gives rise to the secondary 
lateral veins, that are arranged in parallel manner and do not undergo further branching 
e.g. Canna, Ficus ellastica, banana. 


[b] Multicostate or Palmate : There are more than one major veins, which arise 
from the tip of the petiole at the region of the leaf base and remain in parallel fashion. 
The secondary veins are formed from these veins. They are of the following types : 
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[i] Multicostate divergent : The major veins gradually diverge from their point of 
origin at the leaf base to different points of the leaf blade. e.g. fan palm. 


| Unicostate 
A 


Multicostate 7755 
B Multicostate | 


Q 


Fig. 8.10 ; Types of parallel venation : [A] Unicostate (Ficus ellastica), 
[B] Multicostate-convergent (bamboo), [C] Multicostate-divergent (fan palm). 


[ii] Multicostate convergent : After their origin, the major veins appear to converge 
at the central part of the leaf apex. e.g. grass, bamboo. 


8.14. Simple and Compound Leaves 
[A] Simple Leaf: Definition: A simple leaf consists of a single, entire or dissected 


lamina. 


The simple leaf has got all the structures of a typical leaf i. e., leaf blade, leaf apex, 


leaf-base, leaf margin as 
described earlier. 

The dissection or 
incision of a leaf depends 
on the type of venation. In 
pinnately compound 
leaves, the incision 
progresses from the leaf 
margin to the midrib, but 
in palmately compound 
leaves, the incision 
progresses from the 
margin to the base of the 
leaves. The incisions are 
named in the following 
way : 

[a] When the incision 
reaches less than half-way 
down the margin, it is 
described with a suffix- 
fid. 


Dissected 


N 


, £ z ‘s y 2 A 
SAN 


Pi 


A 
Simple Leaf 


w D 
Dissected 


Ww 
Simple Leaf 
E 


G Dissected 
H 


Fig. 8.11 : Evolution of compound leaves : [A-D] Evolution of 
pinnately compound leaves. [A] Simple leaf, [B] Pinnatifid. [C] 
Pinnatipartite, [D] Pinnately compound leaves, [E-H] Evolution of 
Palmately compound leaves, [E] Simple leaf, [G] Palmatipartite, 
[H] Palmately compound leaves. 
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[b] If the incision reaches less than half-way down the margin, it is described with 
a suffix-partite. 

[c] When the incision almost reaches the midrib, it has a suffix-sect. 

According to the pinnate and palmate type of venation of incised leaves they are 
classified in the following way ; 

[i] Pinnatifid. e.g. poppy. 

[ii] Palmatifid. e.g. cotton. 

[iii] Pinnatipartite. e.g. Brassica. 

[iv] Palmatipartite. e.g. castor. 

[v] Pinnatisect. e.g. Tagetis. 

[vi] Palmatisect. e.g. silk-cotton. 

[vii] Lyrate : The pinnately compound leaves show irregular incision having larger 
lobes towards the apex and smaller lobes towards the base. e.g. Raphanus (radish), 
Brassica (mustard). 

[viii] Pedate : The lobes of palmately incised leaves are arranged like the claws of 
a bird and called pedate leaves e.g. Vitis. 

[B] Compound Leaf : Definition : A leaf is said to be compound, when the leaf 
blade is dissected into a number of small segments called leaflets. 

The disconneted segments of acompound leaf are called leaflets. which are arranged 
on the axis or midrib or rachis, the leaflets are either arranged laterally on both side of 
rachis in pinnately compound leaves or the leaflets may be borne terminally on the 
rachis in palmately compound 
leaves. 

Types of Compound 
leaves: 

The compound leaves are 
of two major types viz., 
Pinnately compound leaves 
and Palmately compound 
leaves and they are discussed 
below ; 

[1] Pinnately compound 
leaf : 

It originates from a 
pinnatisect leaf, when the 
incision touches the midrib. 
The midrib is transformed to 
form the rachis, while the 
lobes form the individual 
leaflets, which remain 
arranged along the two sides 
of the rachis in the form of a 
Fig. 8.12 : Types of pinnately compound leaves ; [A] Unipinnate- feather. It can be classified in 
paripinnate (Tamarind), [B] Unipinnate-imparipinnate (rose), the following types : 

[C] Bipinnate (Mimosa), [D] Tripinnate (Moringa, B. Sajina) , 
[E] Decompound (Coriander, B. Dhanepata). 


[a] Unipinnate : The 
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leaflets are borne directly by the rachis and on the basis of the number of leaflets they 
can be classified into two following types : 

[i] Paripinnarte : The leaflets are arranged in pairs on opposite side of the rachis, 
the leaf contains even number of leaflets and the rachis shows indeterminate growth, 
e.g. tamarind, Saraca (B. Asoka). 


[ii] Imparipinnate : The growth of the rachis is determined by an apical leaflet, so 
there are always odd number of leaflets. e.g. rose. 


[b] Bipinnate : The rachis produces the secondary branches in pinnate fashion, 
which bear the leaflets called pinnules arranged in pinnate fashion e.g. Mimosa pudica. 


[c] Tripinnate : In this type of leaf, the rachis produces the secondary and tertiary 
branches, which ultimately produces the pinnately arranged leaflets. e.g. Moringa (B. 
Sajina). a 

[d] Decompound : The leaves actually appear to be more, than tripinnate, but 
actually it is finely pinnatisect and is called decompound e.g. carrot, coriander. 


[2] Palmately compound leaf : The palmately compound leaf arises from a 
palmaticsect leaf where the incision reaches the base of the lamina. They are so called 
because the leaflets arise from the tip of the shortened rachis in the form of digits of a 
palm. On the basis of the number of leaflets, the palmately compound leaf can be 
classified into the following types: 

[a] Unifoliate : In this case, the single leaflet is articulated at the tip of a petiole. 
which is winged in nature, e.g. lemon, orange. (Presently lemon is considered to be a 
simple leaf with winged petiole instead of unifoliate compound leaf). 

[b] Bifoliate : There are two leaflets at the tip of the rachis e.g. Bignonia, Balanitis. 

[c] Trifoliate : There are three leaflets articulating at the tip of the rachis. e.g. Aegle 
marmelos (wood apple), Oxalis. 

[d] Quadrifoliate: There are four leaflets articulating at the tip of the rachis. e.g. 
Marsilea. 


Fig. 8.13 : Types of Palmately compound leaves : [1] Unifoliate (Citrus), IZ] Bifoliate (Hardwickia), 
[3] Trifoliate (wood apple), [4] Quadrifoliate (Marsilea), [5] Digitate (silk cotton). 


[e] Digitate or Multifoliate : There are more than four leaflets at the tip of the 
rachis, which appear as digits of hand and hence called digitate. e.g. silk cotton, Alstonia 
(B. Chhatim). 

The different types of compound leaves are represented in the following table : 
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Compound leaves 


Pinnately compound leaves Palmately compound leaves 


Unipinnate Bipinnate Tripinnate Decompound 
e.g. Mimosa e.g. Moringa e.g. Carrot 
pudica 


imparipinnate 
e.g. rose 


Paripinnate 
e.g. tamarind 


Unifoliate 
e.g. lemon 


Bifoliate 
e.g. Bignonia 


Trifoliate Quadrifoliate 
e.g. Oxalis e.g. Marsilea 


Digitate 
e.g. silk cotton 


8.15. Phyllotaxy (Phylla = leaves ; taxis = arrangement) 


Definition : The mode of arrangement of matured vegetative leaves on the stem or 
branches is called phyllotaxy. 

Importance : The phyllotaxy has the following importances : 

{iJ It prevents the shedding of upper leaves on the lower leaves, so that the leaves 
have maximum photo- 
synthetic efficiency. 


‘aa 


1 [ii] It ensures the 
ka vascular supply to all the 
ihe NN leaves. 

Ap ee Types of phyllotaxy : 
tS 


The phyllotaxy are of the 
following types: 

[1] Alternate or spiral 
or acyclic phyllotaxy: The 
leaves are arranged spirally 
at the nodes all round the 
stem. The leaves appearing 
from the nodes are arranged 
in acropetal succession, Le., 
the lowermost leaf is the 
oldest and the uppermost 


SS 


e 


— 


Genetie Spiral 


Genetic Spiral 
~ 


Saas leaf is the youngest. If a 

1 i / spiral imaginary line is 

\/ drawn winding the stem, it 

Orthostichies Orthostichies h e 
A y C 7 D consecutive leaf bases and 


Fig. 8.14 : Types of orthostichies in spiral phyllotaxy : 
[A] Distichous, [B] Tristichous, [C] Pentastichous. [D] 
Octastichous. [A] Angular Divergence (A. D. 180°, 184 
A.D, 120°, IC A. P. 144°, [D] A. P. 135° 


will be known as genetic 
spiral and constitute the 
alternate or spiral or acyclic 
phyllotaxy. If some 
imaginary vertical lines are 
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drawn upwards and downwards connecting the leaf bases, then it will be observed that 
a definite number of leaves lie on these lines and they are termed as orthostichies. The 
distance between two successive leaves in a genetic spiral is called divergence, while 
the angle formed by two successive leaves at the centre of the stem is called angular 
divergence. On the basis of the number of orthostichies, the spiral phyllotaxy is of the 
following types: 


[i] Distichous or 4 Phyllotaxy : The leaves are arranged on two orthostichies, 


ie., one turn of genetic spiral is followed from leaf number 1 to the leaf number 3 i.e., 
lying vertically above it. Hence, in this case leaf number 1, 3. 5, 7 will be on one 
orthostichy and the leaves 2, 4, 6, 8 will be on the other orthostichy. e.g. ginger, wheat, 
rice, 

[ii] Tristichous or 4 Phyllotaxy : The leaves are arranged on three orthostichies 
and one genetic spiral is followed from leaf number 1 to the number 4, lying vertically 
above it. In this case the leaves 1, 4, 7, 10 and 2. 5. 8, 11 and 3, 6, 9, 12 will be on the 
three orthostichies respectively. e.g. Cyperus. 


[iii] Pentastichous or 5 Phyllotaxy : The leaves are arranged on five orthostichies 


and two turns of genetic spirals are followed from leaf number 1 to the next leaf situated 
vertically above it ie., leaf number 6. Thus, in this case, the leaves 1, 6, 11, 16 etc; 2, 
7,12) 17 ete ; 3,8, 13, 18 etc., 4,9, 14, 19 ete. and 5, 10, 15, 20 erc., will be on the five 
orthostichies respectively. e.g. chinarose, banyan. 


[iv] Octastichous or 8 Phyllotaxy : The leaves are arranged on eight orthostichies 


and three turns of genetic spirals are followed from the leaf number 1 to the leaf number 
9 situated vertically above it. Thus, 5 
1,9, 17, 25 etc., 2, 10, 18, 26 etc., 3, 
11, 19, 27 etc., 4, 12, 20, 28 eic. 5, 
13, 21, 29 etc., 6, 14, 22, 30 etc., 7, 
15, 23, 31 etc., 8, 16, 24, 32 etc. will 
be on the eight orthostichies 
respectively e.g. papaya. 

[2] Opposite, or Cyclic 
phyllotaxy + In this phyllotaxy the 
two leaves developing at each node, 
are situated opposite to each other. 
The opposite phyllotaxy are of the 
two following types, viz., opposite 
decussate and opposite 
superposed. 

[i] Opposite superposed : In 
this case, the opposite pairs of leaves 
of the successive nodes are situated L 
at one plane, so that all the leaves Fig. 8.15 : Different types of phyllotaxy : [A] Alternate 


are situated in two vertical rows. (chinarose), [B] Opposite superposed (guava), [C] 
Whorled (Nerium), [D] Opposite decussate (Calotropis). 


e.g. guava. 
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[ii] Opposite decussate : In this case the opposite pairs of leaves of the successive 
nodes are situated at right angles to one another and hence the leaves are arranged in 
four vertical rows. e.g. Ixora, Calotropis. 

[3] Whorled or Verticillate phyllotaxy : In this case, three or more leaves are 
arranged in a whorl encircling the stem at the nodal region. e.g. Nerium. 


8.16. Homophylly and Heterophylly 


In majority of angiospermic plants, the leaves are of only one type, they are not 
differentiated into different types and these types of plants exhibit homophylly. 

But some aquatic plants belonging to families Ranunculaceae and Nympheaceae 
exhibit heterophyllous condition. In Ranunculus aquatiles (Ranunculaceae), the lateral 
submerged leaves are dissected, but the floating leaves are lobed in nature. In Cabomba 
sp (Nympheaceae), the submerged leaves are also dissected, while the floating leaves 
are ovate in nature. 


8.17. Functions of Leaves 


The functions of the leaves may be classified as normal function and special 
functions, 

[a] Normal functions : 

[1] Photosynthesis : The leaves contain chlorophyll and they help in the preparation 
of food by photosynthesis. Although the rate of photosynthesis may vary, depending 
upon the age of the leaf or the concentration of chlorophyll. It is maximum in young 
leaves and less in older leaves. Similarly it is less in variegated leaves than the green 
leaves. 

[2] Transpiration : The leaves lose excess water, in the form of water vapour 
through the stomata of leaves. 

[3] Gaseous exchange : The stomata help in gaseous exchange during respiration. 

[4] Excretion : The epidermis and cuticle contain excretory products like mineral 
crystals, which are lost by shedding of leaves. 

[5] Circulation : The vascular bundles of leaves help in conduction of water and 
translocation of food. 

[b] Special functions: 

[1] Floatation : The lamina and petiole may contain aerenchyma, which help in 
floatation. e.g. water hyacinth. 

[2] Trapping of insects : The leaves of insectivorous plants get modified to 
specialized structures like pitchers, which help in the trapping of insects. e.g. pitcher 
plant. 

[3] Storage : The fleshy lamina of certain plants like Kalanchoe store starch. 

[4] Mechanical support : The leaflets of certain plants get modified to form tendrils, 
helping in climbing e.g. pea. 

[5] Absorption : The leaves may be modified to form dissected root-like structures, 
helping in absorption of water. e.g. Lemna. 

[6] Propagation : Some leaves contain epiphyllous buds, which help in vegetative 
propagation. e.g. Bryophyllum. 

[7] Protection : The leaves are modified to form spine-like structures, which provide 
protection to the plants. e.g. Barberis, 

[8] Prevention of loss of water : The presence of thick cuticle in the leaves or its 

modification to spine-like structure also prevents loss of excess water by transpiration. 
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8.18. Comparative Discussions 
[A] Simple leaf and Compound leaf : 


Points of 
Differences 


[1] Origin 


Simple leaf Compound leaf 


{1] The entire lamina complete- 
ly dissected into smaller seg- 
ments called leaflets. 


Originates from a simple leaf 
blade, which may have entire 
or incised margin (but the inci- 
sion never touches the midrib 
or the petiole.) 


[2] Types [2] Leaves may be simple or dissec- [2] They are of two types. ie., pin- 
ted and depending upon the nate and palmate, and each of 

level of incision, it can be with them may be further sub-divided 
suffices-fid, partite or sect. into smaller groups. 

[3] Structure 3] There is a single lamina or leaf | [3] Usually there are many leaflets 
blade, which is attached to the arranged either on the two 
tip of the petiole. sides of the rachis or at the tip 

of the rachis. 
[4] Size Usually small. [4] The entire compound leaf is 


big, but individual leaflets are 
small. 
[5] Present at the axil of the rachis. 
[6] Midrib replaced by rachis. 
[7] Present at the base of the rachis. 


Present at the leaf-axil- 
[6] Distinct midrib present. 
[7] Present at the leaf base. 


[5] Axillary bud 
[6] Midrib 
[7] Stipule 


[B] Simple leaf and Leaflet : 


Points of 
Differences 


I Origin 


Simple leaf Leaflet 


[1] Leaflets arise from the tip or 
lateral side of the rachis'in 


Simple leaf arises acropetally 
from the node of a branch or 


stem. acropetal succession. 

[2] Arrangement [2] Arranged at the tip of the. [2] Arranged in pinnate or palmate 
petiole fashion. 

[3] Components [3] Simple leaf has three parts, viz., [3] Leaflets only have lamina and 
Jamina, petiole and leaf base. stalk. 

[4] Stipule [4] Tt may be present at the leaf [4] Stipules absent at the base of 
base. leaflet 

[5] Axillary bud Is] The axillary bud is present at [5] Axillary bud is absent at the axil 
the leaf-axil. of leaflet. 


[C] Branch (with simple leaf) and Pinnately compound leaf: 


Points of 
Differences 


[1] Origin 


Branch (with simple leaf) Pinnately compound leaf 


[1] Originates from the modification 
of the apical meristem. 


Originates from the plumule or 
from axil of leaf. 


[2] Differentia- {2] Differentiated into nodes and 2] Not differentiated into nodes 

tion internodes. and internodes. 

[3] Structures [3] The branches bear the simple 3] The rachis bears the leaflets. 
borne leaves. 


266 A TEXT BOOK OF BIOLOGY 


Branch (with simple leaf) 


[4] Axillary buds [4] Borne at the leaf axil. 


Points of 
Differences 


Pinnately compound leaf 


4 Not present at the base of leaf- 
lets, but may be there at base of 
the rachis. 

5] Absent. 

[6] Leaves show frequent abscis- 
sion with a scar mark at the 


[5] Stipules 
[6] Attachment 


[5] Present at the leaf base, 
{6] Branches are firmly attached to 
the main stem, abscission is less 


frequent. node. 
[7] Appearance |[7] Leaves arise in acropetal succes-| [7] | Leaflets do not arise acrope- 
of leaves sion, tally, 


[8] Apical bud absent, there may 
be a single terminal leaflet or 
paired leaflets. 

[9], Leaflets are arranged in opposite 
manner, except the apical leaflet. 

[10] Leaflets usually appear at the 
same level. 


[8] Termination :| [8] It terminates in apical bud, 


[9] Arrangement | [9], Leaves are arranged in spiral, 
of leaves Opposite or whorled fashion, 

[10] Level [10] Leaves appear at different 

levels. 


[D] Phytlode and Phylloclade : 


Phyllode 


[1] Itis a modification of petiole, 
[2] Nodes and internodes absent. 


Points of 
Differences 
[1] Nature 

[2] Differentia- 


Phylloclade 


I It is a modified aerial stem. 
2 Not properly differentiated into 


tion nodes and internodes. — 
[3] Lamina [3] Lamina is normal, but it falls | {3} Leaf is modified and reduced io 
off early. form spine. 
[4] Structure [4] They are leaf-like green, flate |. IA] It is modified to flat, fleshy, 
tened structure. green structure, j 


[5] Buds 
[6] Cuticle 
[7] Propagation 


5] Bears the bud at its axil; 

[6] Cuticle very thin. 

[7] Not involved in vegetative 
propagation, 

[8] Produces food by photosyn- 

thesis, but does not store it. 

Acacia. 


[5]. Develops from leaf axil, 

[6] Thick, waxy, cuticle present. 
[7] It acts as a vegetatively propa- 
gating organ, 

Produces food by photosynthe- 
sis and store it. 
[9] Opuntia. 


[8] Function [8 


[9] Example 
*{E] Phyllode and Cladode : 


Points of Phyllode 


Differences 
[1] is a modification of petiole, 


Cladode 


[1] Nature [1] is a modified internode bet- 

hu Ween two specific nodes, 

{2} Includes one internode between 
two specific nodes. j 


3] Lamina absent. 


[2] Nodes & 
Internodes 
Lamina 


Nodes and internodes absent. 


[3] Lamina present hut falls 

off early, 
[4] Cuticle thin. 
[5] Present at the axil: 
[6] Does not help in propagation. 
help in photosynthesis. 
Acacia. 


[4] Cuticle 
[5] Buds 
[6] Function 


[4] Thick, waxy, cuticle present. 

[5] Buds absent: t 

[6]; Helps in vegetative propagati- 
on and also in photosynthesis, 

[7] Asparagus. 


[7] Example 
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[F] Twig and Compound Leaf : 


Points of 
Differences 


J Origin 


Compound leaf 


{1} The wig originates trom axillary | [1] It originates from the modifica- 
bud. tion of the main stem. 
{2] A leafy branch normally near the |(2] The leaflets are arranged Iate- 
tip of the stem, rally or at the tip of the rachis. 
[3] Stem, apical buds, leaves, axil- 3 Rachis and leaflets, 
lary buds. 
[4] Cannot be classified into sub- 
types. 


[2] Structure 
[3] Components 


[4] Types 4 Theyinclude the pinnately 


compound leaf, 


[G] Seed leaf and Scale leaf: 


Points of 
Differences 


[1] Origin 


Scale leaf 


Originates from the nodes of 

the main stem, 

[2] Scale-like leaves, brown in 
colour, covering the node. 

3] Protects the node or the leaf 
base. 

[4] Indian telegraph plant. 


Originates from the cotyledon of 

the seed, 

[2] Pair of thin or fleshy leaves pro- 
tecting the embryo. 

[3] Protects the embryo. 


[2] Structure 


[3] Function 


[4] Present in all seeds, one or two 
in number. 


[4] Example 


[H] Inter-petiolar stipule and Intra-petiolar stipule : 


Points of Inter-petiolar stipule 


Differences 
[1] Location [1] They are located on both sides 
of opposite leaves, in between 


Intra-petialor stipule 


They are also on both sides of 
opposite leaves but may not be 
in between two leaves. 


two leaves. 

[2] Structure [2] Hard, thin and pointed, uniting | [2] Soft. thin, membranous and 
with each other by their outer remains united by their inner 
margins. margins. 

[3] Number [3] One or two in number in each | [3] -Usually one in number in cach 
particular position. position, 

[4] Example [4] Ixora. [4] Gardenia. 


[I] Reticulate venation and parallel venation : 


Foin ot Reticulate venation 


Differences 


Parallel venation 


[1] Structure [1] There are one or more major veins | [1] “There may be one or more 
and the secondary veins major veins and the the 
forming a close network. secondary veins are parallely 

oriented, 

[2] Types [2] Mainly of two types, ie., unicos- [2] Same as that of reticulate 
tate and multicostate, the later is venation, but the major 
further subdivided as convergent veins are not parallely 
and divergent. oriented. 

[3] Example [3] Mostly in dicot leaves also in arum| [3] Mostly in monocot leaves. 


(monocot). also in Garcinia (dicot). 
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[J] Pinnate and Palmate leaves : 


Points of 


Palmate leaves 
Differences 


[1] Origin [1] [originates from pinnatisect It originates from palmatisect 
leaves, leaves. 

[2] Structure | [2] The leaflets are arranged on the | (2) The leaflets are arranged on the 
Opposite side and on the terminal tip of the rachis. 
part of the rachis. 

[3] Growth [3] The growth of the rachis may be | [3] The growth of the rachis is 
determinate or indeterminate in always of determinate type. 
nature, 

[4] Types [4] Unipinnate, bipinnate, tripinnate | [4] Unifoliate, bifoliate, trifoliate, 
and decompound. quadrifoliate and digitate. 

[5] Example | [5] rose: Oxatis: 


[K] Alternate and Opposite phyllotaxy : 


Alternate phyllotaxy 


[1] Arrangement] [ 1) The leaves appear in a spiral 
manner altenately from each 
node. 

[2] They are of different types like 
distichous, tristichous, pentasti- 
chous and octastichous in nature, 
on the basis of the number of or- 
thostichies. 

(3) chinarose. 


Points of 


Differences Opposite phyllotaxy 


The leaves appear from the 
opposite sides of the node. 


[2] Types [2]. They are of two types, viz. 
Opposite decussate and opposite 
superposed on the basis of the 


plane in which leaves appear. 


[3] Example [3] Calotropis. 


[L] Paripinnate and Imparipinnate venation : 


Differences Imparipinnate venation 


[1] Growth [1] The rachis shows indeterminate, [1] The rachis shows determinate 
pattern growth, growth with an apical leaflet, 
[2] Number of | [2] The leaflets are even in number, [2] The leaflets are odd in number. 
Leaflets due to presence of an apical 
leaflet. 
[3] Example [3] tamarind, asoka. [3] rose. 


[M] Ochreate stipule and Free-lateral stipule : 
Free-lateral stipule 


III Location | [1] Located at the leaf-base surroun- 


ding the entire node. 


Located on the lateral side of the 
leaf-base. 


[2] Structure | [2]. They are membranous Stipule [2]. They are pointed, leaf-like 
formed by the fusion of several Structures on both sides of the 
stipules. leaf - base. 


[3] Function | [3] Protects the node and also the 
leaf -base. 


[4] Polygonum. 


[3] Minute pointed photosynthetic 
Structures protecting the leaf-base. 
[4] Hibiscus (chinarose). 


[4] Example 
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[N] Prophylis and Cataphylls ; 
Points of 

Differences 
[1] Nature 


Cataphylls 


[1] They are incompletely developed | [1] They are scaly leaves. 
leaves. 

{2} They are small in size, sometimes 

modified to form spine or tendrils 


[2] Structure 12) They are green scaly leaves, 
sometimes brown in colour or 
become fleshy, storing food. 

[3] The scales may be membranous 
or sometimes become fleshy in 
nature, 

[4] They protect the node or the 

5, 


[5] Asparagus, jackfruit. 


[3] Modification} [3] They may form leaves, some- 
times spine or tendril-like 
structures may be formed. 

[4] Forms the leaves or spine or 
tendrils, 

[5] Any plant like gourd. 


[4] Function 


[5] Example 


8.19, Matters to Recollect : 


Leaves are lateral, exogenous structures arising from the aerial shoots of plant. 
A typical leaf has a leaf base or hypopodium, petiole or mesopodium and lamina 
or epipodium. 

The first leaves are the seed-leaves or cotyledonary leaves, which protect the 
embryo and provide it with nourishment. 

The vegetative leaves develop from the prophylls. 

The foliage leaves are most common, serving as the organ for photosynthesis. 
The scale leaves or cataphylls are reduced form of leaves, which protect the nodes 
or may be modified for storage purpose. 

The spathy leaves are bright coloured boat-shaped bracts protecting the 
inflorescence in Musa. 

The petalloid bracts are bright coloured petal-like bracts, which help in insect 
pollination e.g. Bougainvillea. 

Glumes are thin, dry, scaly bracts protecting the spikelet inflorescence in paddy. 
The texture of the leaves may be membranous, succulent, leathary or glandotted 
in nature. 

The surface of the lamina may be glabrous, pubescent, glaucus, viscous, scabrous, 
rugose, spinose. 

The lamina may have various shapes like acicular, linear, lanceolate, elliptical, 
oblong, ovate, sagitate, hastate, reniform, cordate, orbicular, lyrate, Tunate or 
cuneate in nature, 

The apices of the lamina may be acute, acuminate, obtuse, spiny, tendrillar, retuse 
or mucronate in nature. 

The margin of the lamina may be entire, serrate, wavy, dentate, crenate and lobed 
in nature. . 

The stipules are leafy outgrowths arising from the leaf-base. 

The stipules are free: lateral in chinarose. 

The stipules are foliaceous in pea, helping in photosynthesis. 

They are adnate in rose, protecting the leaf-base. 

They may be intra-petiolar or inter-petiolar in Gardenia and Ixora respectively. 
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They are ochreate in nature in Polygonum formed by the fusion of smaller stipules, 
protecting the nodes 

The stipules may be modified to form tendrils in Smilax, spines in Barleria, scales 
in Desmodium gyrans. 

The petiole is winged in lemon. 

Leaf base is swollen to form pulvinus in Mimosa pudica helping in seismonastic 
movement. 

Petiole forms tendril in Clematis. 

The leaves of Acacia fall off early and the petiole forms leaf-like structure called 
phyllode. o 
The lamina forms various insect trapping structures like pitcher, bladders or 
tentacles. 

The terminal leaflets of pea form tendril, which help in climbing. 

The actual leaves of Opuntia are reduced to form spine, which prevent transpiration 
and protect the phylloclade. 

The fleshy leaves of Aloe helps in storage of food. 

The distribution of vascular tissues in the lamina is called venation, 

The venation are of two types, viz., reticulate and parallel and each of them may 
be further subdivided into multicostate and unicostate venation. 

Reticulate venation is observed in dicots and also in arum among monocots. 
Parallel venation is observed in monocots and also in the dicot plant Garcinia. 
The leaf with a single leaf blade is called simple leaf. 

It may have entire margin or the margin may be dissected. 

The leaves may have variable levels of incision and accordingly the leaves have 
suffices like fid, partite and sect, 

The compound leaves are of two types i.e., pinnate and palmate. 

The pinnately compound leaves arise from pinnatisect leaves, while palmately 
compound leaves arise from palmatisect leaves, 

The pinnate leaves may be unipinnate, bipinnate, tripinnate and decompound, 
unipinnate may be paripinnate (even number of leaflets) and imparinnate (odd 
number of leaflets). 

The palmate leaves may be unifoliate, bifoliate, trifoliate, quadrifoliate and digitate 
in nature. 

Vernation or ptyxis is the arrangement of leaves in bud condition. 

Stipels are stiplule-like outgrowths developing from the base of the leaflets. 
Ligules are membranous outgrowths located at the junctions of petioles and leaf 
blades. 

Phyllotaxy is the arrangement of foliage leaves on the vegetative axis. 

It may be alternate, opposite or whorled in nature. 

Alternate phyllotaxy may be distichous, tristichous, pentastichous or octastichous 
in nature, depending upon the number of orthostichies. 

Opposite phyllotaxy may be opposite decussate or superposed in nature. 

Normal functions of leaf include photosynthesis, transpiration and respiration. 
Special functions of leaf include Storage, protection, mechanical support, trapping 
of insect and floatation. 
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8.20. Summary 


The leaves are flattened, green, lateral members of the stem developing from 
the aerial shoots or branches in acropetal succession from the nodes. The first formed 
leaves are the cotyledonary leaves, while vegetative leaves are formed from prophylls. 
A typical foliage leaf has three main parts, viz., leaf base or hypopodium, petiole or 
mesopodium and lamina or epipodium. The leaf base is the region of attachment of 
the lamina with the main stem, the petiole joins the lamina with the leaf base, it is 
absent in sessile leaves. The lamina serves the major functions of photosynthesis, 
transpiration and respiration. The bracts are of different types, ie., spathy bracts, 
petalloid bracts and glumes are modified leaves protecting, the flowers or 
inflorescence. The lamina texture may be membranous, succulent, leathery or 
glandotted in nature. The surface of the lamina may be glabrous, scabrous ; pubescent, 
glaucus, rugose or spinose in nature. The lamina may be of different shapes, i.e. 
narrow throughout, wide at the base and narrow at the top, narrow at the base and 
wide at the top or uniformly wide and accordingly they have different names. The 
apices of leaves may be acute, acuminate, obtuse, spiny, tendrillar, retuse or 
mucronate in nature, The margin may be entire, serrate, dentate, crenate or lobed in 
nature. The stipules are leafy outgrowths arising from the leaf base. They are of 
various types, like free-lateral, adnate, inter-petiolar, intra-petiolar, ochreate ; stipules 
may form stipels at the base of leaflets of compound leaves. The lamina may be 
modified to form various structures like spine, tendrils, insect traps, fleshy leaves 
giving protection and support, trapping insects and storing food. The petiole may 
be winged in lemon, tendrillar in Clematis or may form leaf-like phyllode in Acacia. 
The leaf base may be swollen, forming pulvinus in Mimosa pudica. The venation is 
the arrangement of vascular tissues on the lamina, which can be of two types viz., 
reticulate and parallel yenation. They are further classified as unicostate and 
multicostate, while multicostate may be further subdivided into convergent and 
divergent types. The simple leaf has a single lamina, which may have entite margin 
or incised margin. The incision may be of 3 different levels and the last levels are 
called pinnatisect and palmatisect respectively. The pinnately compound leaves 
arise from the former, while the palmately compound leaves originate from 
palmatisect leaves. The pinnate leaves may be uni, bi, tripinnate and decompound 
in nature, while palmately compound leaves may be unifoliate, bifoliate, trifoliate 
and digitate in nature. The arrangement of leaves on the vegetative axis is called 
phyllotaxy, which can be alternate or spiral, opposite and whorled, The alternate 
phyllotaxy may be classified on the basis of orthostichies and opposite phyllotaxy 
is classified on the basis of the planes in which the leaves appear. The leaves may 
be modified in different cases forming different structures helping in storage, 
mechanical support and protection. 


8.21. Naming / Discovery / Discoverer 
[1] Arber, A. (1910) demonstrated the morphological pattern of leaves appearing 


in monocotyledonous plants. 
[2] Banerji, I. (1952) explained the morphological nature of unifoliate compound 


leaves of dicots. 
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[3] 
[4] 
[5] 
[6] 
[7] 
[8] 
[9] 


[10] 


8.22 
[1] 
Ans. 
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Ans. 
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Ans. 
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Ans. 
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Ans. 
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[6] 
Ans. 
[7] 
Ans. 


[8] 
Ans. 
[9] 
Ans. 
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Eames, A. J. (1957) denoted the morphology of monocot leaves of family 
Palmae. 

Tomlinson, P. B. (1960) demonstrated the morphological nature of the seed 
leaves of monocotyledonous plants. 

Brizicky, G. K. (1962) demonstrated the morphological nature of the unifoliate 
compound leaves of lemon. 

Bailey, I. W. (1968) showed the morphological nature of the leaf structure of 
certain cacti and the evolution of spine. 

Cronquist, A (1968) illustrated the evolution of leaf structure in flowering plants. 
Kaplan, D. R. (1973) demonstrated the developmental pattern of leaves. 
Cutler, D. F. and Bradham, P. E. (1977) showed the variability of the leaf 
surface. 

Juniper, B. E. and Jeffree, C. E. (1983) demonstrated the leaf surface 
characteristics. 


. Answers to Special Questions 


What are cataphylls ? 

They are scaly, membranous leaves, which protect the nodes of underground 
modified stem. 

State the normal functions of leaf. [J.E.E. 1995] 
The normal functions of leaves include photosynthesis, transpiration and 
respiration. 

What are the different parts of leaves that forms stipule ? 

[i] The whole leaf forms the tendril in Lathyrurs aphaca, 

[ii] The apical leaflets are modified to tendril in Pisum sativum. 

[iii] The leaf apex is modified to form tendril in Gloriosa. 

[iv] The petiole is modified to form tendril in Clematis. 

What are the different parts of leaves modified to form spines ? 

[i] The entire leaf is modified to form spine in Opuntia. 

[ii] The leaf margin forms the spine in Argemone. 

[iii] The leaf apex is modified to form spine in Phoenix. 

[iv] The petiole is modified to form spine in Punica. 

How stipules vary from stipels ? 

Stipules are leafy outgrowths from the leaf base, while stipels are leafy outgrowth 
at the base of leaflets of compound leaves. 

Name two plants where stipule is modified to form spine. 

Zizyphus ; Acacia. 

What is genetic spiral ? 

The spiral line in which the leaves appear from the nodes of the stem in alternate 
phyllotaxy is known as genetic spiral. 

Name a plant which floats with the help of petiole. 

Water hyacinth. č 

What is anisophily ? 

The two leaves appearing from the node having similat size, but dissimilar shape 
e.g. gold fussia. 
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Ans. 


1111 
Ans. 


[12] 
Ans. 


[13] 
Ans. 


[14] 
Ans. 
[15] 
Ans. 
[16] 
Ans. 
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Ans. 
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[19] 
Ans. 
[20] 


Ans. 
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What is heterophylly ? 

The leaves of the same plant are variable in shape, these leaves are found in the 
floating aquatic plant Ranunculus aquatilis. The leaves above water are entire, 
while that below the water surface are dissected helping in water absorption. 
What is peltate leaf ? 
The leaf is circular in outline with the petiole arising form the centre of the 
lamina at the ventral surface e.g. lotus. 

What is cylindrical leaf ? 
The leaves which are long and circular in outline are called cylindrical leaves. 
e.g. Allium cepa (onion). 

What is ligule ? 
The ligules are tongue-like leafy structures present at the junction of the sheathing 
leaf base and the lamina e.g. Eleusine (grass). 

What are the other names for sheathing leaf base and winged leaf base ? 
Amplexicaul and decurrent: 

What are radicle leaf ? 

Leaf arising from the root is called radicle leaf e.g. Napiform of sugar-beet. 
What are lobed lamina base ? 

The expanded lamina base of sessile leaf is called lobed lamina base e. g. 
Calotropis. 

What is jointed lamina base ? 
The lobed lamina bases of opposite-sessile leaves are called jointed lamina base 
e.g. Swertia chirata. 

What is perfoliate lamina 3 

The expanded lamina base of sessile leaves surrounds the stem in such a way 
that it appears that as if the stem has emerged from the perforation of the leaf. 
e.g. Aloe. 

Name the plant where stipel is observed. 

Cliteria tarnetea. 

Name a dicot plant with parallel venation and a monocot plant with 
reticulate venation. 

Dicot plant with parallel venation Colophyllum inophyllum. Monocot plant with 
reticulate venation Colocasia esculenta. 


ma ma oo EXERCISE ma ma a a m a aa m E O A 


@ A. Long Answer type Questions : 
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[2] 
[3] 


Lal 


What are the different types of simple and compound leaves ? Give examples. Whatis venation ? 
What are the differences between reticulate and parallel venation 2 Give examples. 
(Ans. 8.13, 8.14, 8.18) 


Describe with the labelled sketches the different types of venation in the simple and compound 


leaves. (Ans. 8.13) 
Describe the different parts of a typical leaf with a labelled sketch and state the functions of 
different parts. (Ans. 8.4) 


What is venation ? What is the difference between reticulate and parallel venation ? Give 


examples. (Ans. 8.13, 8.17 ) 
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[5] Name the different types of palmately compound leaves with figures and examples. 
(Ans. 8.14 ) 
[6] What is phyllotaxy ? Describe the different types of phyllotaxy in plant kingdom. 
(Ans. 8.15 ) 
[7] Discuss the ordinary and special functions of leaves in brief. [J-E-E. 1988] (Ans. 8.16 ) 
[8] What are simple and compound leaves ? Describe the pinnate and palmately compound leaves 
with examples. Describe the different types of leaf tendrils and leaf spines with examples. 
í (Ans. 8.14, 8.12 ) 
[9] What are the different modifications of leaf blade ? State their functions. (Ans. 8.3) 
[10] What are the different characteristics of leaves ? (Ans. 8,3) 
[11] What are the different kinds of leaves ? State their functions. (Ans. 8.15) 
[12] What are the different shapes of lamina ? Give examples. (Ans. 8.8) 
[13] Give a brief account of the leaf apices of dicot leaves with examples. (Ans. 8.9) 
[14] Illustrate with example, the various types of lamina surfaces, (Ans. 8.7) 
[15] Mention the different types of stipules. Give one example of each. IJ. E. E. 2001] (Ans. 8.11) 
o B. Short Answer type Questions: t 
[1] What are simple and compound leaves? Write examples of each type. (Ans. 8,14) 
[2] State the differences between spine and tendril. (Ans. 8.12) 
[3]. What do you understand by a stipule ? Mention the names of different types of stipules with 
examples, (Ans. 8.11) 
[4] Describe the different parts of a leaf blade. (Ans. 8.4) 
[5] Describe briefly the different types of palmately compuond leaves. (Ans. 8.14) 
[6] Describe briefly the different types of pinnately compound leaves. (Ans. 8.14) 
[7] What are decompound leaves? 1 ) (Ans. 8.14) 
[8] What are pinnatisect and palmatisect leaves? (Ans. 8,14) 
[9] What are pinnatipartite and palmatipartite leaves ? (Ans, 8.14) 
[10] State the various modifications of leaf bases. (Ans. 8.12) 
(11, What are orthostichies ? What are their importances ? (Ans. 8.15) 
[12] Describe briefly the various modifications of stipules. (Ans, 8.12) 
[13] What is venation ? Name any two types of venation with one example of each. (Ans. 8.13) 
@ C. Very short Answer type Questions: l 
[1] Why are the leaves of cactus modified to form spines ? IJ. E. E. 1993] (Ans. 8.12) 
[2] Name the plant where the reticulate, multicostate, convergent venation is found. (Ans. 8.13) 
3]; Name the plant where leaf. tendril is found. IJ. E. E. 1991] (Ans. 8.12) 
[4] Name the plants where you find paripinnate & imparipinnate compound leaves. (Ans. 8.14) 
[5] Name two plants with bipinnate and bifoliate leaves. (Ans, 8,14) 
[6] What are seed leaves ? (Ans. 8.5) 
[7] What is a prophyll ? (Ans. 8.5) 
[8] What is a pulvinus 2 (Ans. 8.12) 
[9] Name two insectivorous plants. (Ans. 8.12) 
[10] Name the different types of bracts. (Ans, 8.5) 
[11] What are stipels 2 (Ans. 8.22) 
[12] What is paripinnate leaf ? (Ans. 8.14) 
@ D. Distinguish between: 
[1] Simple and Compound leaves. (Ans. 8.18) 
[2] Twig and a Compound leaf. [J.E.E. 1991] (Ans. 8.18) 
[3] Seed-leaf and Scale-leaf. (Ans. 8.18) 
[4] Intra-petiolar and Inter-petiolar stipules. (Ans. 8.18) 
[6] Pinnately compound leaf and Palmately compound leaf, (Ans. 8.18) 
{7] Simple leaf and Leaflet.” (Ans, 8.18) 
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[8] A Branch and a Pinnately compound leaf. (Ans. 8.18) 
[9] Alternate and Opposite phyllotaxy. (Ans. 8.18) 
[10] Prophyll and Cataphyll. (Ans. 8.18) 
[11] Ochreate stipule and Free- lateral stipule. (Ans. 8.18) 
[12] Paripinnate and Imparipinnate venation. (Ans. 8.18) 
E. Short Notes: j 
[1] Spine (Ans. 8.18) 
[2] Pulvinus (Ans. 8.12) 
[3] Phyllode (Ans. 8.12) 
[4] Bracts (Ans. 8.11) 
[5] Cotyledons (Ans. 8.5) 
[6] Venation (Ans. 8.13) 
| [7] Stipels (Ans. 8.22) 
| [8]  Intra-petiolar stipule (Ans. 8.11) 
[9] Interpetiolar stipule (Ans. 8.11) 
[10] Leaf-tendrils (Ans. 8.12) 
[11] Reticulate multicostate convergent venation (Ans. 8.13) 
[12] Parallel multicostate convergent venation (Ans. 8.13) 
13] Reticulate multicostate divergent venation. (Ans. 8.13) 
[14] Parallel multicostate divergent venation. (Ans. 8.13) 


F. Multiple choice type Questions: 


[1] The leaf with reticulate unicostate venation is mango/gourd/banana/neem. 
[2] The sitpule of chinarose is free lateral / ochreate / intrapetiolar / spiny. 
[3] Stipel is present in gourd / Cliteria /chinarose / Acacia. 
[4] Phyllode is present in Asparagus / cactus / Acacia / grass. 
[5] Ligules are present in grass / neem / banana / mango. 
[6] The major functions of leaves are photosynthesis / transpiration / respiration / all of them. 
[7] Petalloid bracts are present in chinarose / Mussanda / Polygonum / Justicia. 
[8] Glandotted leaf is observed in neem / Bougainvillea / mango / lemon. 
[9] The leaf of Brassica is lobed / lyrate / digitate / decompound. 
[10] The fleshy petiole is found in Pistia / Eichornia / Ficus / Lemna. 


@G. Fill in the blanks : 


[1] Mango has. margin and venation. 
— [2] Fan- palm has A venation. 

[3] Balanitis has leaf. 

[4] has trifoliate leaf. 

[5] leaves are observed in Cyperus. 

[6] has whorled phyllotaxy. 

17 has piicher like leaves for trapping — 

[8] The stipule is in Barleria. 

[9] Rose is an example for leaf. 

[10] Pulvinus of is filled with cells. 


@ H. Put / Mark on Ves / No for correct answer: 


[1] Silk cotton leaf is palmatisect in nature. 
[2] Arum leaf has reticulate venation. 

[3] Cyperus leaves are octastichous in nature. 
[4] Glumes are present in Polygonum. 

[5] Cleome leaf has a pubesecent surface. 

[6] Bud scales are observed in Ficus. 

[7] The leaf apex is tendrillar is Clematis. 
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[8] The margin of Argmone is spiny in nature. 
[9], The leaf apex of chinarose is acuminate in nature. 
[10] Moringa leaf is decompound in nature. 


Answers to Q No. F, G, H 


F. [1] mango. [2] free-lateral. [3] Cliteria.. [4] Acacia. [5] grass. [6] all of them. [7] Mussanda, 
[8] lemon. [9] lyrate. [10] Eichornia. 

G. [1] Entire, reticulate, unicostate. [2] Parallel, multicostate, divergent. [3] bifoliate. [4] Oxalis, 
[5] tristichous. [6] Nerium. [7] Nepenthes, insects. [8] spiny. [9] unipinnate, imparipinnate. 
[10] Mimosa pudica, turgid. 

H. [1] Yes.[2] Yes. [3] No. [4] No. [5] No. [6] Yes. [7] No. [8] Yes. [9] No. [10] No. 
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Inflorescence or Anthotaxy 


Topics Discussed : Introduction, Definition, General structure of Inflorescence, Bracts and Bracteoles and 


their types, Classification of Inflorescence : Racemose : Cymose ; Mixed: Special condensed cymose and 
their types with examples; Comparative Discussions. 


9.1. Introduction 


The flowers are the sexual reproductive organs of the flowering plants (angiosperms) 
and they develop from specialized floral buds remaining at the axils of leaves or at the 
apices of shoots. The axillary floral bud develop into solitary axillary flowers (e. g., 
chinarose), while the apical bud forms the solitary terminal flowers (e.g. Datüra). But 
sometimes the flowers may remain in an aggregated condition and the arrangement of 
flowers on the floral stalk or peduncle is known as inflorescence. Sometimes flowers 
directly arise from the peduncle or sometimes they are borne on minute stalks called 
pedicels. The growth of the peduncle may be indefinite, i.e., flowers arising in acropetal 
succession from base to apex and it is called racemose inflorescence, Sometimes the 
stalk of racemose inflorescence may grow beyond the flowers and it is called rachila, 
(e.g., grass). In some cases, the racemose stalk is protected by spathy bracts and it is 
called spadix (e. g., Musa). Sometimes the inflorescence stalk may form a flattened, 
fleshy, expanded structure called receptacle and the flowers are arranged on it, it is 
called capitulum (e.g., sunflower). The inflorescence stalk of underground modified 
stem like the bulb of onion is a stout stem called scape. The inflorescence stalk may 
sometimes be delimited with a terminal flower and it is called cymose inflorescence 
(e. g., Heliotropium),in this case, the flowers appear in basipetal succession, ié., the 
terminal flower is first matured followed by the lower flowers. 

The inflorescence usually emerge from the aerial shoot and it is termed as cauliflory 
or cladanthy (e.g., Jackfruit), it is of two types viz., (i) Inflorescence stalks directly 
emerging from trunk called trunciflory (e.g., papaw). (ii) Inflorescence stalks arising 
from the aerial branches e.g., Ixora. Sometimes the inflorescence stalks may be borne 
on the leaves or lamina and called epiphyllous inflorescence (e. g. Begonia). 


9.2. Definition 


The arrangement of solitary flower or a group of flowers on the specialized floral 
axis or peduncle is known as inflorescence or anthotaxy. 


9.3. General Structure of Inflorescence 
[1] The inflorescence may be represented by a solitary flower or a group of flowers. 
[2] The inflorescence stalk is called peduncle or rachis and the stalks of individual 


flowers are called pedicels. 
[3] There are two major types of inflorescences, viz., the determinate or cymose 


and the indeterminate or racemose. 
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[4] Sometimes the inflorescence may he mixed. i.e., with both racemose and cymose 
characters. f r f - — — 

[S] There are also some special types of condensed cymose inflorescences. 

[6] The rachis may be simple or unbranched, as in spike or branched or compound 
panicle. 

[7] The rachis may be subtended by a basal bract-like structure and called bracteate 
(e.g., Adhatoda) or sometimes it may be without bract (e. g, Amaranthus) and called 
ebracteate. | 

[8] Sometimes there may be bracteoles present at the base of individual flowers. 
(e.g., lemma and palea of spikelet of rice). iste 

[9] At times, the flowers may be without pedicel or sessile in nature. 

[10] In some cases, the inflorescence are never exposed, rather they remain covered 
within the receptacle as seen in the hypanthodium of Ficus, 


9.4. Bracts and Bracteoles 


Definition : Bracts : They are specialized leaf-like structures at the base of the 
floral axis or peduncle, e.g., Adhatoda. 

Bracteoles : They are thin, leafy or scaly structures developing at the base of the 
flower itself or the pedicel. e.g., epicalyx of chinarose. i 

Types of Bracts : The different types of bracts are as follows = 

[1] Foliaceous bracts : The bracts are green leaf-like and help in photosynthesis. 
e.g., Acalypha indica (B. Muktajhuri ). 

[2] Sealy bracts : They are thin, scale-like, usually remaining at the base of disc- 
florets of capitulum inflorescence. e.g., Helianthus annuus (sunflower). 


cence 
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Fig. 9.1 : Petaloid bracts : [A] Bougainvillea spectablis, [B] Euphorbia pulcherrima. 


[3] Petaloid bracts : These bracts are coloured and look like flower petals, attracting 
insects for pollination. e.g., Mussanda, Bougainvillea, Euphorbia pulchirrima. 

[4] Spathy bracts : The bracts are thick, large, boat-shaped, sometimes coloured, 
which may surround the inflorescence stalk fully or partially: e.g., arum. 

[5] Involucre of bracts : These leafy bracts are arranged in one or more whorls 
around the base of the capitulum inflorescence. e.g., Helianthus annuus (sunflower). 

[6] Glumes : The dry, scaly, stiff bracts, that do not subtend flowers and are usually 
called empty glumes e.g., rice. 

[7] Lemma and Palea : The glumes that subtend flowers are called ‘lowering 
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glume or lemma, the palea remains within the lemma and is actually the bracteole. eg., 
rice, 

[8] Epicalyx.: The reduced, green bracteoles, arranged in a single whorl, fused at 
the base and remaining at the base of the calyx. e.g., Hibiscus (chinarose), 

[9] Cupule :The bracts and bracteoles grow together at the base of the flower and 
form a hard, cup-shaped, persistent structure, surrounding the fruit. e.g., Betula, 


9.5. Classification of Inflorescence 


There are 4 major types of inflorescences viz.. (i) Racemose or indefinite 
(ii) Cymose or definite (iii) Mixed and (iv) Special cymose. 

[I] Racemose or indefinite inflorescence : 

Definition: The inflorescence in which, the major inflorescence stalk or peduncle 
has an indefinite growth, it es the flowers appear in acropetal succession, is called 
racemose inflorescence, ` 

Characteristics : [i] The Bud- | 
growth of the rachis is t 
unlimited and continuous. [ii] 
The apex of the rachis may 
contain an apical terminal bud, 
but not terminal flowers 
present. Flowers appear in 
acropetal succession ie., the 
lowest flower matures first, 
while the uppermost flower 
matures last. [iii] They usually 
follow centripetal opening, 
i.e, ithe lower flowers open 6 
earlier than the upper flowers. 

Types of Racemose 
Inflorescence : On the basis 
of the nature of the rachis, there are 3 major types of ragemose inflorescences including 
16 subtypes, which are as follows: 

[A] Rachis elongated : 

[a] Flowers pedicillate : 

Il Raceme : A typical example of racemose inflorescence. 

Characteristics : 

[i] Rachis elongated, not terminated by any apical flower. [ii] Individual flowers are 
pedicillate. [iii] Flowers appear acropetally from base to apex. eg Brassica campestris 
(mustard). 

[2] Compound Raceme : The floral branches are racemose in nature, appearing 
from the main axis and hence are called secondary axes. e.g., mango. 

[3] Corymb : Rachis is elongated, but the lowermost flower has the longest stalk 
and upper ones have smaller stalks, hence both appear at the same level. 

Characteristics : [i] Rachis is not much elongated and is not terminated by a flower. 
[ii] Flowers appear acropetally on the main stalk. [iii] The pedicels of these flowers 
show an unequal growth, i.e., the lowermost flower has longest pedicel, while the 
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Fig. 9.2; Types of Racemose inflorescence (Diagrammatic) : 
[A] Raceme, IB] Panicle, [C] Spike. 
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uppermost has the shortest one. [iv] As a result of this, flowers are apperently situated 


at the same level. 


[4] Compound Corymb : The main axis is branched and flowers are arranged in 


corymb like manner; e.g. Pyrus. 
[b] Flowers sessile : 


[1] Spike : The spike is a typical raceme with acropetal flower arrangement, 
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peduncle indefinite, but the individual flowers 
are’séssile. Cg, Amaranthus. 

[2] Compound Spike : The inflorescence 
axis is branched and the sessile flowers are 


lL borne in a much condensed manner on the 


secondary axis. eg, Alternanthera. 

[3] Catkin or Amentum + The weak, 
drooping type of peduncle with sessile, 
unisexual flowers. ? 

Characteristics : [i] The peduncle is weak 
and gradually drooping down. [ii] Flowers are 


| sessile, unisexual and deciduous in nature. [iii] 


Fig. 9.3 : Diagrammatic representation of 
some Racemose inflorescences : 
[A] Catkin, [B] Spikelet. 


Flowers mature in a caropetal succession, i. e., 
from base to apex. [iv] The peduncle may 
break from the parent plant and the flowers 
are disseminated, e.g., Acalypha indica. 


[4] Spikelet or Locusta : /t is a condensed spike provided from sessile flowers and 


empty glumes, 


Characteristics : [i] The inflorescence is represented by a condensed spike with 


one or two sessile flowers or florets and 
commonly called rachilla. [ii] The base of the 
spikelet contains the empty glumes (bracts). 
[iii] The bract lying above it is also called 
flowering glume or lemma. [iv] Opposite to 
the lemma lies the bracteole or palea. 
[v] The perianth is very small, reduced, 
membranous structures, commonly 2-3 in 
number and are called lodecules. e.g., Rice 
spikelet is one flowered and the inflorescence 
axis is termed as panicle of spikelet. Wheat 
spikelets are multiflowered, borne in 
unbranched axis in the form of a compound 
spike. Maize has a male inflorescence of 
panicled spikelet, while the female 
inflorescence is like spadix. 

5] Spadix : The thick,condensed 
inflorescence stalk with sessile flowers, 
covered by spathy bracts. 

Characteristics : [i] The flowers are 
sessile, [ii] The rachis or the peduncle is thick 


Flower) 


Female Flower 
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Fig. 9.4 : Spadix inflorescence (Diagrammatic): 
[A] Spadix, [B] Spadix (in L.S.), 
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and fleshy. [iii] Flowers are covered by one or two, thick, large, coloured spathy bracts. 
e.g., arum: 

[6] Compound Spadix : They consist of a branched spadix with sessile flowers. 

Characteristics : [i] The main inflorescence axis is branched, [ii] Spathy bracts 
have their usual structure. [iii] Sessile flowers are borne on secondary branches. e.g., 
coconut, [iv] Sometimes, there is a hard, thick, boat-shaped spathy bracts, or separate 
segments are covered by separate spathes called spathellae. e.g., palms. 

[7] Strobile : Arise due to modification of the spike with membranous bracts. 

Characteristics : [i] A modified spike is observed [ii] Persistent, membranous 
bracts present, but fall off early to expose the staminate and pistillate flowers. e.g., 
Humulus. 

[B] Rachis suppressed or short: 

[1] Umbel : Rachis suppressed to form a globose structure. 

Characteristics : [i] Rachis size short and suppressed to form a globose head. 
[ii] Pedicellate flowers are arranged in radiating fashion. [iii] Flowers with pedicels of 
equal length and cluster on the top of the suppressed axis, [iv] The flowers develop by 
centripetal development. [v] The involucre of bracts is present at the base of the 
inflorescence stalk. e.g., Centrella (Hydrocotyle). 

[2] Compound Umbel : The axis of the umbel is branched and each branch bears 
pedicillate flowers. e.g., Coriandrum (B. Dhane) ; Daucus carrota (carrot). 

[3] Capitate : It is more or less similar to umbel, only the rachis is suppressed to 
form a globose head and the flowers are of uniform size. 
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Fig. 9.5 : Diagrammatic representation of different types of racemose inflorescences : 
[A] Corymb (Cassia), [B] Umbel (Hydrocotyle), [C] Compound Umbel (carrot), 
[D] Capitate (Mimosa pudica), [E] Capitulum (Sunflower). 

Characteristics : [i] The rachis is suppressed. [ii] The inflorescence is globose in 
outline. [iii] The flowers are minute and sessile in nature. [iv] The flowers are arranged 
in centripetal fashion. e.g., Mimosa pudica (B. Lajjabati). 

[C] Rachis fleshy and flattened : 

[1] Capitulum or Head or Anthodium : The top of the rachis is flattened to form 
a disc-like receptacle and the flowers are arranged in a centripetal pattern on the 


receptacle. 
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Characteristics + [i] Rachis is fleshy and flattened to form an almost convex 
receptacle. [ii] The flowers are sessile and are called florets. [iii] The flower arrangement 
is centripetal in nature, i; e, the older flowers are towards the periphery and the younger 
Ones are towards the centre of the receptacle. [iv] The base of the inflorescence is 
surrounded by an inyolucre of bracts. |v] Each individual floret may have a scaly 
bracteole at their base, eig., sunflower (Helianthus annuus) is differentiated, into the 
peripheral ray florets (sterile or neutral flowers formed due to incomplete development 
of the female flowers), the central dise florets are bisexual in nature, Chrysanthemum 
does not have any differentiation of florets. the fertile male / female ray florets are 
present here. 
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Fig. 9.6 : Arrangement of Ray florets and Disc florets in the capitulum of sunflower, 


[2] Compound Capitulum : The main inflorescence axis is branched, each one of 
them has a capitulum at their tips and they are covered by the same involucre of bracts, 
e.g., Echinops. 

III Cymose or Definite Inflorescence : 


Definition : The growth of major inflorescence stalk is delimited with an apical 
flower and the lower flowers are later formed. 

Characteristics : [i] The rachis has limited growth and it is terminated by bud. 
[ii] The flowers are arranged in basipetal succession, i.e., the uppermost flower is oldest 
while the lower lateral flowers are later formed. [iii] The flowers open in centrifugal 
manner, i.e., inner flowers open earlier and the outer flower open after that. 

Types of Cymose Inflorescences : The classification of cymose inflorescence is 
not only on the basis of the arrangement of flowers, but also on the basis of the 
appearance of the secondary lateral branches and they are of the following types: 


[A] Solitary (axillary or terminal) inflorescence : 
Definition : The inflorescence includes a single flower. 


Characteristics : [i] The rachis or peduncle is terminated by an apical bud, which 
develops into an apical flower. lii] Sometimes the single axillary flower may also 
represent the inflorescence. [iii] The peduncle and pedicel in this case can be easily 
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distinguished with a distinct line of articulation in between. e.g., Datura, Hibiscus 
(chinarose). 

[B] Uniparous cyme or 
monochasium : The primary axis 
is terminated by a flower and at its 


Corolla 


base, there is a lateral axis, which f Staminal—_ i 
also terminates in a flower. They 4 Vey COND ae 77 i NS 
are of the two following types : ý Mi d — Uy 

[1] Scorpiod cyme : The 09 we B | 
inflorescence shows atypical zig- 
zag arrangement, due tọ repeated 
alternation of lateral branches. 7, Calyx 

Characteristics : [i] The A f 

Pedicel 


lateral branches appear alternately 
on the right and the left side. [ii] 
These branches always originate 
from the upper side of the parent branch. [iii] The suppression of the left and right 
branches by terminal flowers produces a typial zig-zag pattern. [iv] The lateral branches 
can remain in the same plane and called Rhipidium. [v] The lateral branches may be in 
different planes and are called Cincinnus (more frequently observed) e.g., Heliotropium 
indicum (B. Hathisur). 

[2] Helicoid cyme : The lateral branches appear from the lower side of the parental 
branch to form a helix. 

Characteristics : [i] The lateral branches appear successively from the lower side 
of the axil. [ii] The helix is always one sided. [iii] The lateral branches may remain in 
different planes and called Bostryx. [iv] The lateral branches may remain in the same 
plane and called Drepanium. e.g., Hamelia, sundew. 

[C] Biparous cyme or Dichasium : The lateral branches appear on two sides of 
the primary axis. 


Fig. 9.7 : Solitary cymose inflorescence : 
[A] Datura, [B] chinarose. 


Fig. 9.8 : Different types of cymose inflorescences : [A] Helicoid (Hamelia), 
[B] Scorpiod (Heliotropium), [C] Dichasium (jasmine), 

Characteristics : [i] The primary axis is delimited by an apical flower, [ii] The 
flower of the primary axis blooms first. [iii] There are two lateral branches on two 
sides, which are also terminated by flowers. [iv] In certain cases, the lateral branches 
may undergo further branching. e.g., Jasminum (jasmine), Tectona grandis (teak). 

[D] Multiparous cyme or Polychasium + The lateral branches are produced in all 
directions from the primary axis. 
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Characteristics : [i] The primary axis terminates with an apical flower. [ii] The 
secondary lateral branches appear in all directions from the primary axis. [iii] These 
lateral branches because of their 3 dimensional arrangement, form a whorl on the primary 
axis. [iv] The lateral branches end in terminal flowers. e.g., Calotropis (B. Akanda), 


[OI] Mixed Inflorescence : 


The inflorescence becomes mixed when in the same rachis, the flowers are arranged 
both in racemose and cymose pattern. It is observed in the following cases : 


[1] Mixed Panicle : The branched raceme, where flowers bloom in cymose pattern. 


Characteristics : [i] It is a compound inflorescence. [ii] Flowers in the primary 
axis are arranged in racemose pattern. [iii] The lateral branches show irregular 
arrangement of flowers. [iv] The terminal flower matures first, like cymose arrangement. 
e.g., Ligustrum. 


[2] Mixed spadix : The flowers are in cymose pattern, but they are covered by a 
spathy bract. 


Characteristics : [i] The primary axis is thick and fleshy in nature, [ii] The flower 
groups are in cymose pattern, but they are arranged on the main axis in acropetal 


succession. [iii] The flower groups are covered by spathy bracts (spathe). e.g., Musa 
(Banana). 


pil KRachis (Fleshy). 
à Ovary (Inferior) 


Fig. 9.9: Compound spadix of banana: [A] Entire inflorescence, [B] L.S. of the same. 


[3] Cymose Umbel : The cymose group of flowers having an umbellate arrangement. 


Characteristics : [i] The flower groups are cymose in nature. [ii] They are arranged 


in umbellate manner on the main axis. e.g., Allium cepa (onion), Calotropis procera 
(B. Akanda). š 


[4] Cymose corymb or Corymbose cyme : The cymose group of flowers arranged 
in corymbose fashion. 


Characteristics + [i] Individual flower groups are cymose. [ii] The flowers are 
arranged in corymb-like fashion. [iii] This is because of the long pedicels, which make 
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it appear that the flowers are remaining at the same level. e.g., Ixora parviflora (B. 
Rangan). 


Fig. 9.10 : Some types of mixed inflorescences : 
[A] Cymose-umbel (onion), [B] Cymose-corymb (Ixora). 

[5] Spiked eyme: The cymose group of flowers remaining in the form of spikes. 

Characteristics : [i] The flower groups have cymose arrangement. [ii] They broadly 
appear as spikes. e.g., Polyanthes tuberosum (tuberose). 

[6] Thyrsus : A mixture of racemose and cymose flowers. 

Characteristics : [i] It is a panicle, ovate in shape. [ii] The broad branches are 
racemose, while the ultimate branches are cymose in nature. e.g., Ocimum sanctum (B. 
Tulsi). 

[IV] Special condensed cymose : The inflorescence is basically a cymose, but is 
very difficult to be recognized because of its condensed nature. They are of the following 
types: 

[1] Cyathium : The inflorescence includes large number of male flowers and single 
large female flower surrounded by involucre. 
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Fig. 9.11 : Cyathium of Poinsettia : [A] Entire Inflorescence, [B] Same in L.S. 


Characteristics : [i] The primary axis terminates in a fleshy receptacle. [ii] The 
terminal part of the receptacle is occupied by a large, naked, female flower, represented 
by a single pistil. [iii] The male flowers surround the fémale flower. [iv] They are 
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extremely reduced, basipetally arranged, represented by single stamens. |v] Each of 
these flowers, develops from the axil of a thin, scaly bract. [vi] The entire inflorescence 
is covered by a cup-shaped, glandular, green involucre, formed by the fusion of several 
bracts. [vii] The style and stigma of the female flower emerge out of the involucre e.g., 
Euphorbia, Pedilanthus (B. Rangchita) Poinsettia (B. Lalpata). 

[2] Hypanthodium : The flowers are covered by a ball-like receptacle and are 
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Fig. 9.12 : Hypanthodium of banyan |. [A] L. S. of the 
inflorescence, [B] Male flower, IC] Female flower, 


never exposed until they are 
matured, 

Characteristics : [i] The 
fleshy receptacle is a concave or 
hollow ball-shaped structure, [ii] 
It is formed by the fusion of 
rachis of 3 closely placed cymes. 
[iii] There is a minute apical 
opening. [iv] This minute 
opening is guarded by scaly 
leaves. [v] The flowers are within 
this receptacle, arranged in 
cymose pattern. [vi] There are 3 
types of flowers viz,, sterile and 
fertile female flowers and the 
male flowers, [vii] The sterile 
female flowers are situated 


below the receptacle. [viii] The male flowers are situated on top of the receptacle just 
below the opening. [ix] The fertile female flowers are located in between the sterile 
female and the male flowers, e.g., Ficus (banyan), fig. 


[3] Verticillaster ; The inflorescence is present in the form of a 2 in certain 


plants with opposite-decussate leaves. 


Leaves (Opposite Decussate) 
A 
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Fig. 9.13 : Verticillaster Inflorescence of Leonurus (B. Raktadron) : 
[A] Entire Inflorescence, [B] Diagrammatic sectional view showing arrangement of flowers. 
Characteristics ; [i] The inflorescence initially develops as a dichasium at the axil 
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of the leaves, arranged in opposite decussate manner. [fi] The dichasium gets reduced 
at a later stage, to form scorpiod cyme. [iii] The flowers are sessile and the primary 
axes are so Short, that the flowers are crowded around the nodes in the form of a whorl. 
e.g., Leonurus sibiricus (B. Raktodron). 

[4] Coenanthium ; Flarened, dise-like receptacle 
with cymose group of flowers. 

Characteristics : [i] The receptacles are more or less 
flat with slightly curved margin. [ii] The minute embedded 
flowers are arranged in cymose pattern, e.g., Dorstena. 

[5] Cymose capitat or Cymose head : The globular, 
hall. ile inflorescence with flowers arranged in cymose 
pattern. 

- Characteristics : [i], The globular suppressed Fig. 9.14 : Coenanthium of 
receptacle in the form of a ball. [ii] Individual flower heads a Gi 
are in cymose pattern, {iii} Flowers are never exposed, until they are matured as fruits, 
eg., Anthocephalus (B. Kadam). 
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9.6. Tabular Synopsis 
Inflorescence l 
Racemose Cymose Mixed Special Cy mose 
— ——r p — Mixed 
Simple or Uniparous Biparous Multiparous Panicle 
Solitary eg. Jasmine eg: Calotropis | egy Lingusirum Cyathium 
ega Peditanthas 
Mixed Hypantho- 
Axillary Terminal Scorpold Helicold Spadix dium 
eg. Hibiscus Datura Heliotropium Hamelia og. Musa . Ficus 
Cymose Verticillaster 
Rachis long Umbel tg Leonurus 
Flattened eg. Allium cepa 
Umbel e g and fleshy 
Flowers Flowers Centella Cymose Cymose 
stalked sessile Captitate Capitulum Corymb Capitate 
Raceme Spike c. eg. Mimosa eg. Heli eg. kora egu Anthoce- 
eg mustard | Amaranthus phalus 
Panicle Spadix Spiked 
eg mango e Arum Cyme Coenanthium 
Catkin €g» Polyanthes êg. Dorstena 
Corymb eg Betula 
eg. Cassia Spikelet Thyrsus 
eg Rice tg Ocimum 
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9.7. Comparative Discussions 


[A] Racemose and Cymose inflorescence : 


Points of Racemose Cymose 
Differences inflorescence inflorescence 


[1] Growth of The growth of the rachis is The growth of the rachis is 
Rachis unlimited. limited. 

[2] Apical flower Not formed. [2] Formed at the early stage of 

development. 

[3] Flower The flowers are matured in [3] The flowers mature in basipe- 

appearance acropetal succession, i.e., tal succession. i.e., from apex 
flowers mature from base to to base, 
apex. 

[4] Opening of Flowers open in centripetal [4] Flowers open in centrifugal 

flowers order. order. 

[5] Mother axis It is the true axis and forms the} [5] It is not always the true axis as 
elongated monopodium. in uniparous type, and is called 

sympodium. 

[6] Spathes May be present, as in spadix. | [6] Absent. 

[7] Major types Classified on the basis of the [7] Classified as solitary uniparous, 
rachis, i.e., long rachis, sup- biparous and multiparous cyme; 
pressed rachis and flattened 
rachis. 

[8] Solitary Never present in racemose [8] Present as in case of chinarose. 


flower inflorescence. 


[B] Spike and Spadix : 


Points of 
Differences 


[1] Rachis 


[1] Itis elongated but not swollen 
and fleshy. 


[2] Itis absent. 


It is swollen and fleshy. 

[2] Spathe [2] Coloured spathe may be present, 
which covers the flowers. 

[3] Flowers are generally unisexual. 

[4] Usually they are less dense. 


[3] Flower nature | [3] Flowers are mostly bisexual. 
[4] Flower [4] Flowers are more dense and 


density aggregated. 
[5] Example [5] Amaranthus. [5] arum. 
[C] Raceme and Spike : 


Points of 
Differences 


[1] Flowers [1] Flowers are stalked or pedicillate, Flowers are stalkless or sessile. 

[2] Aggregation} [2] Aggregation is less dense. [2] Aggregate to form a more dense 
structure. 

[3] Nature [3] Less advanced. [3] More advanced because of the 
loss of individual pedicels. 

[4] Branching | [4] Branched raceme is called [4] Branched spike are simply 


panicle. 


called compound spike. 
[5] Brassica. 


Amaranthus. 


[5] Example 
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[D] Spadix and Capitulum : 


Points of 
Differences 


Capitulum 


[1]Peduncle Itis elongated, soft and fleshy It is flattened to form a fleshy 
in nature. convex, receptacle. 

[2] Spathe [2] The coloured spathe covers [2] The spathe is absent. 
the flowers. 

[3] Flowers Flowers are generally uni- [3] Flowers may be unisexual ray- 
sexual, florets and bisexual disc florets, 

[4] Aggregation Flowers are less dense. [4] Flowers are more dense. 


SY Arrangement [5] Arranged in typical race- [5] Arranged in centripetal manner. 


mose manner. 


[6] Example [6] arum. [6] Helianthus (sunflower). 


[E] Flower and Inflorescence : 
Points of 
Differences 


[1] Definition [L] A flower is a modified shoot, II] An inflorescence is the arran- 
gement of flowers on the ped- 


Inflorescence 


uncle, 
[2] Stalk [2] The stalk of individual flower is} [2] The stalk of an inflorescence is 
called pedicel, called peduncle. 
[3] parts 3] The different parts of a flower | [3] The different parts are flowers, 
are calyx, corolla, male androe- peduncle, bracts, bracteoles, 
cium and female gynoecium. 8 
[4] Types Flowers can be complete, in- [4] Inflorescences are racemose 
complete, regular, irregular. cymose, mixed and special 
cymose, 


[5] Units They are the smallest repro- {5} They are larger units. 
ductive units. $ 


[F] Spike and Spikelet : 


Points of 
Differences 


` Spikelet 


[1] Peduncle The peduncle is elongated. | [1] The peduncle is condensed. 

[2] pedicel [2] The pedicels are always absent, ] [2] The flowers may be with or 
flowers are always sessile. without pedicel, 

[3] Glumes Glumes are absent. [3] Empty glumes and floral glu- 

mes or lemma present. 

[4] Bracteole {4} They may or may not be pre- [4] The bracteoles in the form of 
sent. palea present, 

[5] Flowers They are usually bisexual. [5] They may be unisexual or bi- 


sexual. 
[6] Oryza. 


Amaranthus. 


[6] Example 


2253—19 
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[G] Corymb and Umbel : 


The peduncle is elongated. 


Points of 
Differences 


[1] Peduncle [1] The peduncle is shortened. 


[2] Pedicel [2] Pedicels are equal in size. arise 
from the tip of the peduncle, 


giving a globose appearance. 


2] Pedicels arise from different 
regions of the peduncle, so” 
they are unequal in size, longest 
in the lowermost flower and 
shortest in the uppermost. 


{3} Usually present at the base of 
all the flowers. 


[3] Bracts May be present at the base of 


individual flowers. 


14] Flower [4] Centripetal arrangement is not 


distinctly observed. 


[4] Flowers are distinctly centri- 


petal in nature. 


(5 


[5] Example [5] Cassia. Hydrocotyle. 


[H] Helicoid and Scorpiod cyme : 


Helicoid cyme 


[1] The branches appear from the 
lower side of the axil, giving 
helix-like arrangement. 


Points of 
Differences 


Scorpiod cyme 


The branches appear on the 
upper side and due to alter- 
nate suppression, gives zig-zag 
appearance. 


[1] Appearance 


[2] Types On the basis of planer arran- 
gement, they are of two types. 
Bostryx. (different planes) and 


Drepanium (same plane). 


[2] There are 2 types, ie., Cincinnus 
(different planes) and 
Rhipidium (same plane). 


[3] Example [3] Hamelia. [3] Heliotropium, 


II Coenanthium and Cyathium : 


Points of 


Differences Cyathium 


[1] Receptacles are flattened with 
slightly raised margins. 


[1] Receptacle 1 The receptacle is convex, with 


a central large female flower. 


[2] Involucre Absent. 


[2] Cup-shaped, green, glandular 
involucre of bract present. 


[3] Flowers Bisexual, minute in size. [3] Central large female flower 
surrounded by many minute. 
single stamen-like male flowers. 

[4] Flower [4] Cymose arrangement. [4] Male flowers are basipetal, but 

arrangement single female flower is present. 

[5] Example Dorstena. {5] Pedilanthus. 
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[J] Hypanthodium and Verticillaster : 


Hypanthodium 


The fleshy receptacle is a hollow 
ball-like structure with an 
apical pore. 


Points of 


Differences Verticillaster 


[1] Receptacle Receptacle is not developed. 


[2] Flowers [2] Flowers are small, forming a 
compact scorpiod eyme dround 


the nodes. 


Flowers remain in 3 tiers from 
bottom, ie., Sterrile female 
flower, fertile female flowers 
and male flowers. 


[3] Sexuality Flowers are unisexual. [3] Flowers are bisexual. 


[4] Pedicels Present. [4] Very small in size, so flowers 


are almost sessile in nature, 


Ficus. Leonurus. 


[5] Example 


[K] Spadix and Mixed spadix : 


Points of 


Differences Mixed spadix 


[1] Arrangement] [1] 


Flowers are in racemose pattern} [1] Flowers are in cymose pattern. 


of flowers 

[2] Spathe [2] Single, large. fleshy, coloured | [2] Each group is surrounded bya 
spathe present, fleshy sputhe. 

[3] Sexuality [3] Sexes may be separate, female | [3] Flowers are usually bisexual. 
flowers are lower, while male arranged in compact manner, 
flowers are higher in the axis. 

[4] Example [4] arum. A Musa. 


[L] Umbel and Cymose umbel : 


Points of Cymose umbel 


Differences 
[1] Peduncle Short, reduced peduncle. [1] Itis longer. 
[2] Pedicel Uniform in size, giving a glo- | [2] Pedicels may vary in size. 


bose appearance, 


[3] They follow cymose arrange- 


[3] Arrangement| [3] They follow typical racemose 
ment but appear as an umbel. 


arrangement. 


{4] Bracts at the floral base, but 


[4] Atthe base of the flowers. 
may be larger in size. 


comparatively smaller in size. 


[4] Bract 


[5] Hydrocotyle. [5] Allium cepa. 


[5] Example 
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[M] Coenanthium and Hypanthodium : 


[1] Flattened with an upward curved | [1] 
margin. 


Points of 


Hypanthodium 
Differences JP: 


The concave fleshy receptacle 
having a hollow ball-like ap- 


[1] Receptacle 


pearance. 

[2] Pore [2] No pore is required. [2] Pore is apical, guarded by scaly 
leaves. 

[3] Exposure of | [3] Flowers remain exposed. [3] Flowers are never exposed. 

flowers 

[4] Pedicels [4] Flowers are without pedicel. [4] Flowers are with minute 
pedicels. 

[5] Example [5] Dorstena. [5] Ficus. 


[N] Pedicel and Peduncle : 


Points of 
Differences 


[1] Definition 


Peduncle 


The stalks of individual flowers | [1] The stalk of the entire inflo- 
are pedicels. rescence is called peduncle. 


[2] Bracts and [2] Subtended by bracteole. [2] Subtended by bracts. 
Bracteoles 
[3] Size [3] Usually shorter in size. [3] Usually longer in size except in 


solitary flowers. 
[4] Holds the entire inflorescence. 


[4] Function Holds individual flowers. 


9.8. Matters to Recollect 


ts Ligules are membranous outgrowths located at the junctions of petioles and leaf 
blades. 

he mode of arrangement of flowers on a specialized branch or rachis or peduncle 
is called inflorescence. 

ts The flowers are the individual units of flowers. 

Ihe main axis of the inflorescence is called the rachis or peduncle. 

e The flowers may be sessile on the peduncle, or may be attached to it with short 
stalks called pedicel. 

us" The leafy structure at the base of the rachis or peduncle is called bract. 

tS The leafy structure at thie base of the individual flowers are called bracteole. 
here are four types of inflorescences, viz., racemose, cymose, mixed and special 
condensed cymose. 

The growth of the rachis is not terminated by an apical flower in racemose 
inflorescence and the flowers are arranged in acropetal succession, i.e., from base 
to apex. 

The rachis is terminated by an apical flower in cymose inflorescence and the 
flowers mature in basipetal succession. 

In racemose inflorescence, the rachis may be long, suppressed or flattened. 
When the rachis develops from an underground stem, it is called scape, as in the 
bulb of onion: 


10 8 
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When the rachis extends beyond the flower, it is called rachilla. 

Raceme and panicle are typical examples of racemose inflorescence with stalked 
flowers. 

Corymb also has stalked flowers, but the stalks are unequal in size. 

Spike, catkin and strobile are racemose inflorescences with sessile flowers. 
Spadix also has sessile flowers, but they are covered by coloured spathes. 
Spikelet or locusta has empty glumes, lemma and palea covering the flowers, 
Umbel and capitate have shortened rachis with uniform pedicillate flowers. 
Capitulum is a racemose inflorescence with a disc-shaped reeptacle, having the 
ray florets and disc-florets on top of it. 

The simplest cymose inflorescence is a solitary, apical or axillary flower, where 
the articulation between the short peduncle and pedicel takes place. 

The branching of cymose stalk in one direction is called uniparous cyme, which 
can be of two types, viz., scorpiod and helicoid. 

The branching of cymose stalk in two directions and in all directions are called 
bichasial and polychasial cymes respectively. 

The mixed inflorescence usually includes cymose groups of flowers arranged in 
racemose pattern. i 

The mixed panicle, mixed spadix, cymose-umbel and corymb, thyrsus are some 
the examples of mixed inflorescences. 

Cyathium includes a single large female flower surrounded by minute stamen- 
like male flowers covered by cup-like, glandular green involucre, 

In hypanthodium the ball-like receptacle completely encloses the male, female 
and sterile female flowers. 

Verticillaster includes sessile flowers surrounding the node as scorpiod cyme in 
the form of whorls. r 

Coenanthium includes a disc-like receptacle With central flowers. 

Cymose capitate of Anthocephalus includes cymose flower groups forming a ball- 
like structure. 
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9.9. Summary 


Inflorescence or anthotaxy is the mode of arrangement of flowers on the floral 
axis, The main axis of the inflorescence. is called rachis or peduncle, while the 
stalks of the flowers are called pedicels. The bracts and bracteoles are present at the 
bases of peduncles and pedicels respectively, The inflorescences are of four types, 
yiz., racemose, cymose, mixed and special cymose. The racemose inflorescence 
has a rachis with unlimited growth. with flowers maturing in acropetal succession. 
It is classified into three types i e. elongated rachis with unlimited growth, shortened 
rachis and flattened rachis. The elongated rachis include stalked flowers as in raceme 
and panicle. The stalks may be unequal in length in corymb as in Cassia. Spike and 
strobile are typical examples of inflorescences with sessile flowers. Spadix has 
sessile flowers covered by a coloured, spathy bract as in arum. The spikelet or 
locusta has minute flowers subtended by several bracts and bracteoles like empty 
glumes, lemma, palea eic. ¢.g., rice. Umbel and capitate inflorescence has shortened 
rachis with flowers having uniform pedicel giving a globose appearance, e. g., 
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191... What is polyehasial cyme ? ; à (Ans, 9.8) 
110) What ix thipidium ? 


© C, Very short Answer type Questions 


11) Name the plant where capitulum inflorescence is found. (Ans, 9.5) 
[2] What type of inflorescence do you get in (i) arum, (ii) banana. (iii) banyan, (iv) coriander (v) 
mustard and (vi) paddy, II E.E. 1991) (Ans. 9.5) 
13) What is spadix ? (Ans, 9.5) 
14) What is capitulum “ (Ans, 9,5) 
[S1 What is the distinctive feature of cyathium ? (Ans. 9,5) 
16} What is the peculiarity of the neee ar (Ans. 9.8) 
[7] What is spike ? i ! iyn (Ans, 9.5) 
[8] Give two examples of verticillaster. (Ans. 9.5) 
19) What is scorpiod eyme 2 i 161 711 | (Ans, 9.5) 
(10) What is umbel ? (Ans, 9,5) 
{11} What is spikelet ? 7 (Ans, 9.5) 
[12] What is corymb ? s (Ans. 9.5) 
[13) What is helicoid eye (Ans. 9.5) 
14 What is dichaxium “ 4 A ((Aus. 9.5) 
1156] What is panicle ? (Ans. 9.5) 
[16] What is mixed spadix ? ‘ f oN) Meret bidy sus (Ans 95) 
© D. Distinguish between + à i 
11] Racemose and Cymose inflorescence. g J. E. E. 1991] (Ans, 9,7) 
12) Spadix and Mixed spadix, "7 ~ l wee (Ans. 9.7) 
[3] Umbel and Cymose Umbel, : (Ans. 9.7) 
[4] Umbel and Corymb, (Ans. 9.7) 
w 15) Flower andnflorescence, s ss joi jsi A. oe Ans. 9.7) 
[6] Pedicel and Peduncle. (Ans, 9.7) 
17] Spike and Spiketet, Hollen (Ans, 9.7) 
l Helicoid cyme and Scorpiod cyme, A Í (Ans, 9.7) 
4 Spadix and Spike. (Ans. 9.7) 
[10] Raceme and Spike, i (Ans. 9.7) 
. x and — (Ans, 9.7) 
and Cyathi (Ans. 9.7) 
112 . Hypanthodium and Verticillaster (Ans, 9.7) 
114 Coenanthium and Hypanthodium (Ans. 9.7) 
$E, Short Notes : t 
— Cyathium ave (Ans. 9,5) 
Spathe, (Ans. 9.4) 
13) Capitulum. (Ans. 9.5) 
%% Spadix (Ans. 9.5) 
— S Cashes (Ans. 9.5) 
> “ j (Ans. 95) 
, 17) Hypanthodiam, (Ans. 9.5) 
18) ` Spike. (Ans. 9.5) 
— Umdel. (Ans. 9.5) 
Corymb. Ans. 9.5) 
— Raceme. tae 9.5) 
P Helicoid cyme, (Ans, 9.5) 
[13] " Scorpiod cyme. (Ans. 9.5) 


[14] Cymose Umbel. (Ans, 9.5) 
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(15) Coonanthium. l (Ans. 9.5) 
1 Cymose capitate, 1} i p ians 9.5) 

Folychasial cyme. = (Ans 9.5) 
118) Cymose corymb, (Ams, 9,5) 
OF. Multiple choice type Questions: — 


LII The inflorescence, where the rachis has limited growth is racemose / cymose / mixed 
{2} ‘The Healy structure at the base of the pedicel is bractoole / spathe / petals / sepals. 
13}. Epicalyx is a type of bract / bracteole / calyx / corolla. 

[4] Condensed inflorescence are cymose / racemose / mined. 

s Arum is an example of racemose / spadix / corymb / umbel, 

le The globose appearance of flowers are observed in corymb / capitate / spikelet / spadix 
{7] The scorpiod cyme is observed in Hamelia / Heliotropium / Dianthus / Calc, 
[8] Mixed spadix is observed in arum / Musa /Mussanda / Bougainvillea. 

19) ‘The verticillaster inflorescence is observed in Leonurus / Lewcias / ru / all of them 
L10] The flowers are never exposed in hypanthodium / cyathium / coenanthium. 


{1} Inflorescence is also called 3 

12) The two types of flowers of capitulum are, and j 
13) The_______ inflorescence has a globose head. -~ 

[4] Spadix has.. bracts. 

15) Flowers of corymb has pedicels. 

16) ‘The example for solitary axillary inflorescence fs 
2 Cyathium has many. flowers and single Mower 


[1] Bractooles are present at the base of the peduncle Yes / No 
[2] The peduncle and pedice! articulate in solitary cymose inflorescence ve Yea No. 
U The raceme with sessile flowers is called panicle. Yes / No 
[4] Arum is an example of mined spadix. Yes / No. 
LS) Marigold consists of tay florets only Yos / No. 
16) The flowers of Dorstena are never exposed. Yes / No. 
17) Onion has cymose umbel inflorescence. Yes / No. 
18) Dianthus has bichasial cyme ow Yes / No. 
19). Hamelia has scorpiod cyme n Yes No 


t10) Verticiflaster is commonly observed in plants with opposite decussate leaves . Yea No 


Answers to Q No. F, G, H 


IR [1] cymose. [2] bracteole. 13) bracteoke. [4] cymose. [S] spadix. (6) capitate. [7] Hen, 
[8] Musa, [9] all of them. [10) hypanthodium. 
6. {1} anthotary. [2] ray foret, dise floret, [3] capitate. [4] spathy, ($] unequal. (6) chinarove. 
cymose-umbel (10) 


{7} mate, female. (8) hypanthodium. [9] 1 e 
H. (11 No. [21 Yes. [3] No {4} No. (S]¥es. (61 No. II Yew. [8] Yos- (9} No. {10} Yew. 
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Flowers 


ed: Introduction, Definition, Parts of a typical flower and their functions, Chinarose as a 
essory whorls and essential whorls, Types of flowers and important terminologies associated 
with flowers, Flower as a modified shoot, Forms and Structures of floral paris: Calyx and corolla, Modifications, 


Aestivation, Stamens and carpelsy Structure, Function and Variation, Structure of ovules Embryo sac, 
Placentation and its types, Floral formulae and floral diagrams, Significance, Examples ; Hibiscus, Musa and 
Comparative Discussions. 


10.1. Introduction 


The flowers represent the reproductive structure of higher plant, which is the most 
important organ of higher plants. They are only produced after the plants have attained 
maturity and help in the perpetuation of a particular variety of plant. The flowers 
represent specialized aerial branches of limited growth. consisting of floral leaves, it 
undergoes sexual reproduction to produce the fruit and seed. The seeds germinate to 
produce a new plant again. 

The typical flower has the different floral parts having specific functions. The flower 
may be sessile or may have a stalk called pedicel. It may be subtended by a bracteole 
below. The tip of the pedicel is a flattened structure called thalamus or receptacle, on 
which the floral parts are arranged. The arrangement may be cyclic, observed in most 
of the flowers, spiral or acyclic, observed in Pacenia or sometimes partially cyclic, 
called spiroeyelie or hemĩeyelie as observed in water-lily, 

There are four types of whorls present in a typical flower, the two outer whorls of 
calyx (sepals) and corolla (petals), which help in pollination and protection. The two 
inner whorls are called essential whorls, which include the male androecium having 
the individual units called stamens and the female gynoecium having the units called 
carpels. They take part in the sexual reproduction, i.e, formation of fruit and seed. 
They are liberated by different means and ultimately produce a new plant, 


10.2. Definition 


The angiospermic flower is a modified, condensed, reproductive shoot of determinate 
growth, meant for the production of fruits and seeds. 


10.3. Parts of a Typical Flower 


A typical flower consists of thalamus and four different floral parts inserted in the 
receptacle. They are described below : 

[Aj Thalamus or Torus : 

Structure: 

Li] The terminal part of a short or suppressed branch is called thalamus. 

[ii] It gives rise to the four different floral parts, i.e., calyx, corolla, androecium and 
gynoecium. 

iii] It consists of four different nodes, corresponding to the four different floral 
parts, and three condensed internodes remaining in between them. 
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[iv] It may have variable shapes, ie., flat, convex, concave or conical in nature. 

Functions : 

{i] Represents the area of attachment between the flower and the pedicel. 

[ii] It supports the floral parts. 

The Accessory whorls : They are so called because they do not take part in sexual 
reproduction, They include the calyx and corolla, 

[1] Calyx: 

Structure : [i] It is the outermost and lowermost floral part. 

[ii] The individual units of calyx are called sepals. 

[iii] Each sepal is green, leaf-like sessile structures. 

[iv] It may be subtended by epicalyx, as in chinarose. 

|v] The number of sepals may be three, four or five. 

[vi] The sepals may be united in gamosepalous and free in polysepalous condition. 

Functions : [i] They protect the inner whorls. 

[ii] They prevent loss of water by evaporation. 

{iii} They help in the preparation of food by photosynthesis, as they contain 
chlorophyll. ` 

[2] Corolla: 

Structure: [i] The second accessory whorl, situated next to calyx. 

lii] The individual units of corolla are called petals: 

[iii] Each petal is coloured, delicate, leafy structure. l 

liv] Sometimes the petals are undifferentiated from the sepals, and they are called 
perianth. 

[v] They petals usually are differentiated into upper expanded portion and lower 
stalk-like portion. i 

[vi] If the differentiation is highly distinct, they form the upper limb and lower 
claw. 

[vii] Petals may also be free (polypetalous), or united (gamopetalous) in nature. 

[viii] The petals are mostly three, four or five in number, sometimes they are in 


multiples. 

Functions: [i] They 
protect the inner essntial | Accessory Whorl Essential Whorl 
whorls. [ii] They are bright tk —Anther PStanen 


Filament. 


ie 


coloured and attract insect 
for pollination. 

[iii] They may prevent ans 
cross pollination and help 
in self pollination, as in 
cleistogamous flowers of 
Commelina. 

[B] The Essential or \ 
Reproductive whorls : | © \ 
Tied so called because Sean A D 


Style Carpel 


they are directly involved j 
in sexual reproduction. Thalamus Af | 
They are of two types. pedicelr e 


vizą, androecium and 


> Fig.10.1 : Essential and accessory whorls of atypical flower. 
gynoecium. 
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[1] Androecium : Structure : [i] The third inner whorl from outside and the first 
essential whorl is androecium. 

Lii] They represent the male reproductive structure. 

[iii] The individual units of androecium is called stamen or microsporophyll, 

liv] Each stamen consists of basal stalk-like portion called filament and an apical 
sac-like portion containing the pollen grains called anther. 
[v] Each anther consists of two anther lobes, connected to the filament by connectives. 
[vi] The anther lobe consists of two microsporangia or spore-sac. 
[vii] The spore-sac consists of numerous microspores or pollen grains, which serve 
the purpose of male reproductive units, 
viii] The pollen grains produce the male gametes, 


Function : [i] Production of pollen grains containing the male gametes. 


[2] Gynoecium : Structure: [i] The innermost whorl and the second essential 
whorl. 
ii] The individual member of the gynoecium is carpel or pistil or megasporophyll. 
iii] A carpel is divided into three parts, a swollen basal part called ovary, a median 
elongated part or the style and the terminal, flat pollen receptive part or stigma. 
[iv] The ovary may consist of one or more chambers or locules. 
v] Each chamber may consist of one or many megaporangia or ovules. 
[vi] The ovule is attached to the wall of the ovary with a specialized tissue called 
placenta. 
[vii] The arrangement of the ovules in the ovarian locule is called placentation. 
[viii] The carpels may be united (syncarpous) or they may be free, i.e., apocarpous 
in nature. 


Functions: [i] Production of female gametes or megaspores. 
[ii] The ovary forms the fruit after fertilization, 
[iii] The ovules form the seeds after fertilization, 


10.3.1, “CHINAROSE” AS A TYPICAL FLOWER 


Chinarose (Hibiscus rosa-sinensis) is a typical, bisexual, actinomorphic flower 
belonging to family Malvaceae of class Dicotyledonae. The flower shows the following 
characters : 


[i] Inflorescence : Solitary cymose, represented by single axillary flower, which is 
bisexual, regular and hypogynous, 


[ii] Calyx : Sepals 5, green, gamosepalous (united), arrangement valvate, provided 
with a basal bract or epicalyx. 


[iii] Corolla: Petals 5, red in colour, polypetalous (free) adnate to the base of the 
staminal tube, arrangement twisted. 


[iv] Androecium : Stamens many, united to form a staminal tube (monadelphous) 
attached to the base of the corolla. Anthers one celled, reniform, arising from the staminal 
tube with a short stalk, extrose. Pollen grains large, spherical ‘and spiny. 


[v] Gynoecium : Differentiated into ovary, style and stigma. Carpels 5, syncarpous, 
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ovary, superior. S-: chambered containing one ovule in each chamber, axile placentation. 
Style is long, tubular, terminal, remains inside the staminal tube. Stigmal head divided 
into five finger-like projections, corresponding to the number of carpels. 


Corolla (11) 
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Fig. 10.2 : Complete flower of Chinarose. 


10.4. Types of Flowers 


The flowers are classified on the basis of the presence or absence of different floral 
parts and they are as follows : 

[1] Complete flower: A flower is said to be completes when it has all the four 
whorls viz., calyx, corolla, androecium and gynoecium e.g., Hibiscus (chinarose), 
Brassica (mustard) and Datura. 

[2] Incomplete flower: A flower is incomplete, when any one of the four whorl is 
absent e.g., Polyanthes (calyx absent). Beta (corolla absent), Cucurbita male flower 
(gynoecium absent), female flower (androecium absent). 

[3] Bisexual (Hermaphrodite) flower : A bisexual flower is that, which contains 
both the male and female reproductive whorls, i.e., androecium and gynoecium e.g., 
Hibiscus (chinarose), Brassica (mustard). 

[4] Unisexual (Diclinous) flower: A flower is unisexual, when either of the male 
or the female reproductive organ is absent, e.g., staminate and pistillate flower of 
Cucurbita (gourd). 

[5] Regular (Actinomorphic) flower : A flower is Said to be regular, when all the 
floral members of the respective whorls (viz., sepals, petals, stamens, carpels) are having 
equal size and shape and are more or less equidistant from each other, hence the flower 
canbe dissected into two equal halves at any plane. e. g., Hibiscus (chinarose) ; Datura. 

[6] Irregular (Zygomorphic) flower: A flower is said to be irregular, when the 
floral members vary in their size and shape, and hence the flower can be cut into two 
equal halves through one plane only e. g., Pisum sativum, (pea). Sometimes the flowers 
cannot even be cut into two equal halves even through one plane and they are called 
asymmetrically zygomorphic, e.g., Canna (B. Kalabati), 
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[7] Cyclic flower : A flower is said to be cyclic, when all the four whorls (viz, 
Sepals, petals, stamens and pistils) are arranged in whorled or verticellate manner e.g., 
Hibiscus (chinaroge); 

[8] Acyclic flowers: A flower is said to be acyclic, when the floral members are 
arranged spirally on the thalamus, e.g., Paoenia. 8 

[9] Spirocyclic flower : The floral members of a spirocyclic flower are both arranged 
spiral as well as in whorled manner e.g., Nymphaea, Magnolia. 

[10] Neuter flower: A flower is said to be neuter, when it is devoid off both male 
androecium and female gynoecium. e.g., Ray florets of sunflower, 

[11] Nude flower : A flower is said to be naked, because neither calyx nor corolla 
is present. e.g., Male flower within the cyathium of Pedilanthus. 

[12] Monochlamydous flower : A flower is said to be monochlamydous, when 
either calyx or corolla is present. e.g., Polyanthes (tuberose). 

[13] Dichlamydous flower: A normal flower with both the accessory whorls, ie., 
calyx and corolla is called dichlamydous. e.g., Hibiscus (chinarose). 

[14] Polymerous flower : The flower in which the floral members are in multiples 
of whole numbers. They may be of the following types : 

[a] Trimerous : The number of floral whorls are three or in multiples of three. e.g., 
Polyanthes (tuberose). 

[b] Tetramerous : The floral whorls are four or in multiples of four e.g., Brassica 
(mustard). f 

[c] Pentamerous : The floral whorls are five or in multiples of five. e.g., Most 
common in dicot flowers like in Hibiscus (chinarose), g 


SOME IMPORTANT TERMINOLOGIES ASSOCIATED WITH 
FLOWERS : 

Perianth : The accessory floral leaves not differentiated into calyx and corolla 
is called perianth. e.g., Polyanthes. 

Tepals : When the sepals and petals have similar size, colour and structural 
form, they are called tepals. e.g., Lilium. 

Monoccious plant: When the unisexual flowers (both male and female) are 
borne in the same plant. e.g., Cucurbita (gourd), l 

Dioecious plant: When the male and female flowers are borne in different 
plants, g papaw. ' 

Polygamous plant : When the plant bears both male and female flowers and 
also bisexual flowers, it is said to be polygamous. 4. g., litchi. 


10.5. Flower is a Modified Shoot 


The flower is produced at the tip of the vegetative shoot and it is due to the 
modification of the vegetative bud to a floral bud, This can be proved in three different 
angles, which are as follows: f 

[A] Axis nature of the thalamus’: [i] The thalamus is elongated and become 
differentiated into nodes and Suppressed internodes. 

[ii] It bears the modified floral leaves, ie., sepals, petals, stamens and carpels. 
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[iii] In some cases, the internode is elongated like vegetative branches, the internode 
between corolla and androecium is called androphore, while that between androecium 
and gynoecium is called gynophore, e.g., Gynandropsis pentaphyla ; Passiflora 
subrosa. 
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Fig.10.3 : Structures showing “Blower is a modified shoot” : [1] Sepal modified to form leaves 
(Mussanda), [2] Androphore (Passiflora), [3] Monstrous development of rose, [4] Transition of 
floral parts (water lily). A5] Androphore and gynophore of Gynandropsis. 

[iv] The proliferation for monstrous development is noted in certain varieties of 
rose, pears, where the thalamus. grows like an axis beyond the gynoecium and even 
produces foliage leaves. 

[B] Leaf nature of floral members : [i] The floral members may be modified to 
form leaf-like structures. 

[ii] These floral leayés may exhibit same type of vernation or ptyxis and aestivation 
as that of foliage leaves, 

[iii] The sepals of Mussanda may become leaf-like with veins and may also contain 
pigment like anthocyanin in the petals for the purpose of insect pollination (entomophily). 

[iv] Gradual transition from typical leaf-like with veins and may also contain pigment 
like anthocyanin in the petals for the purpose of insect pollination (entomophily). 

[iv] Gradual transition from typical leaf-like structure is observed in the floral parts 
of water-lily, i.e., from sepals — petals — stamens > carpels. 

[v] The stamens in Canna from sterile petaloid structures called staminodes. 

[vi] The single carpel of pea gets folded along the midrib to form the chamber of 
ovary. wae 

[C] Homology of floral buds : 

[i] The floral buds like vegetative buds, may be terminal or axillary in position. 

[ii] The floral buds of Agave may be modified to form bulbils like vegtative buds, 
helping in vegetative propagation. ` 

All these structures indicate that flower is a modified shoot. 
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10.6. Different Forms and Structures of Floral Parts 


The floral parts include the thalamus, calyx, corolla, androecium and gynoecium, 
Their various structural forms, types, structural modifications and arrangement are 
discussed in the ongoing paragraphs. 

10.6.1. THALAMUS : The apical part of the pedicel to which the floral parts are 
attached is called thalamus. 

[a] Various forms of thalamus : 

The thalamus may have different forms as indicated below : 

[1] Thalamus is flat in pea. 

[2] It is concave in Lens. 

[3] It is convex in chinarose. 

[4] Conical thalamus is observed in custard-apple. 

[5] It is raised in lotus. 

[6] The thalamus is elongated between calyx and corolla, called anthophore, 
observed in Silene ; if it is elongated between corolla and androecium, it is called 
androphore, e.g., passion flower ; if it is in between androecium and gynoecium, it is 
called gynophore e.g., Gynandropsis. As in Gynandropsis, both and androphore and 
gynophore are present, it is also called androgynophore or gynandrophore. 


[7] The thalamus is prolonged beyond the ovary forming carpophore, E. g., 
coriander, anise. 


Fig.10.4 : Different pattern of insertion of floral leaves on the thalamus : 
[A] Hypogynous, [B] & [C] Perigynous, [D] Epigynous. 
[8] The thalamus forms a cushion-like or ring-like st 


ructure at the base of the ovary, 
in the form a disc. e.g., lemon, orange. 


[b] Insertion of floral leaves : 


On the basis of insertion of floral leaves, there 


may be three types of conditions, as 
denoted below : 


[1] Hypogyny : This mode of arrangement of floral leaves on the thalamus is such, 


that the ovary is superior in comparison to the floral parts and the characteristics are 
as follows : 


[i] The thalamus is convex or elongated in nature, 

[ii] The carpel occupies the highest position on the thalamus. 

[iii] The other whorls in the order of stamens, petals and sepals are inserted separately 
and successively below the ovary. e.g., Hibiscus (chinarose), 
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[2] Perigyny : In a perigynous flower, the mode of arrangement of the floral leaves 
is such, that the ovary is intermediate in position, which is sub-inferior or half-inferior 
in nature and the characteristics are as follows: 

[i] The thalamus is flat or somewhat cup-shaped in nature, 

[ii] The carpels are situated at the centre, but it is not fully superior in position. 

[iii] The floral parts are inserted below the margin of the carpels. e.g., Pisum sativum 
(pea). 

[3] Epigyny : The floral leaves of an epigynous flower is such that they are arranged 
above the ovary and the ovary is inferior in position. The characteristics are as follows: 

[i] The thalamus is cup-shaped. 

[ii] The thalamus gets fused with the wall of the ovary. 

[iii] All the other whorls, i.e., sepals, petals and stamens are above the ovary. e.g., 
Cucurbita (gourd) ; Psidum gujava (guava). 

10.6.2. CALYX 

The outermost accessory whorl. 

[a] Types of calyx : Calyx can be classified on two basis : 

[1] On the basis of size and shape : 

[i] Regular : The sepals of the calyx are of same size. e.g., Chinarose. 

[ii] Irregular : The sepals are of different size. e.g., Cliteria. 

[2] On the basis of fusion : 

[i] Polysepalous : The sepals are free from each other. e.g., Mustard, 

[ii] Gamosepalous : The sepals are united, they may be fully united to form a calyx 
tube as in Datura, or they may be partially united, with the upper part of the calyx lobe 
free, forming teeth-like structures. e.g., Hibiscus. 

[b] Structural forms of calyx : The structural forms of calyx are studied under the 
two major types. viz. : regular gamosepalous and irregular gamosepalous. 

[1] Regular gamosepalous calyx : The different forms of calyx under them are as 
follows : 

[i] Tubular : The calyx are united to form 
a tube-like-structure. e.g., Datura. 

[ii] Campanulate : The calyx lobes are 
united to form a bell-shaped structure: e. g., 
chinarose. 

[2] Irregular gamosepalous calyx : 
Calyx united, but the lobes are irregular. 

[i] Bilabiate: The calyx lobes form two 
distinct lip-like structures. The posterior 
upper lip consists of three sepals and the Fig. 10.5: Forms of calyx ; [A] Bilabiate 
anterior lower lip consists of two sepals. eg, _ (Leonurus), [B] Bell-shaped (chinarose), 
Leona [C] Tubular (Datura). 

[c] Modification of calyx : The sepals are modified to form various structures for 
serving various functions and they are as follows : 

[i] Pappus : The sepals are modified to form a bunch of hairs or feather-like structures 
helping in seed dispersal. e.g. sunflower. 

[ii] Spinous : The sepals are modified to form pointed, spine-like stuructures. e.g. 
Water-chestnut (B. Paniphal). 

2253—20 
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[iii] Sealy : The sepals are modified to scale like structure. e.g. sunflower 
liv] Petaloid : The sepals are modified into large, coloured petal-like structures. 
e.g. Saraca indica (B. Ashoka), Mussanda. 


pus, 
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Fig. 10.6 : Modification of calyx : [A — B] Pappus (Mikenia), [C] Spinous (water-chestnut), 
[D] Spurred (balsam), [E] Hooded (Aconitum). 

[v] Hooded : One of the sepals are enlarged to form hood- like structure. e.g. 
Aconitum. ' 

[vi] Spurred : The sepals are modified and prolonged into a tubular or beak- like 
structure. e.g. balsam. 

d] Duration of calyx: The calyx normally persists till the formation of fruits. On 
the basis of duration of calyx in a flower, it can be classified in the following way: 

[i] Caducous or Fugacious: The sepals fall off even before the complete opening 
of flowers. e.g. Papaver (poppy). 

[ii] Deciduous : The sepals fall off along with petals just after fertilization. e.g. 
mustard. 

[iii] Persistent : The calyx is persistent and remain attached to the fruit. They are of 
two types. 

[1] Accrescent : The persistent calyx grows with the development of the fruit. e.g. 
brinjal, chalta. 

[2] Macrescent : The persistent calyx ceases to grow in a matured fruit e.g. tomato. 


10.6.3. COROLLA 


The second accessory whorl remaining next to the calyx. 

[a] Classification: The corolla can be classified on the basis of shape and size and 

also on the basis of union. 

[1] On the basis of shape and size : 

[i] Regular : When the petals of the corolla have similar size and shape, they are 
called regular or actinomorphic, e.g. Datura, gourd. 

[ii] Irregular : The petals of the corolla are dissimilar in nature, which are called 
irregular or zygomorphic in nature. e.g. pea. 

[2] On the basis of union : 

[i] Polypetalous :The petals remain free from each other. e.g., mustard. 

[ii] Gamoptalous : The petals are united to form a tube-like structure called corolla 
tube. The upper part of the petals are free, called corolla lobe. The basal part of the 
corolla tube is called throat. There are some appendages like hairs and scales developing 
from the inner wall of throat, called corona. 
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[b] Structural forms of corolla : There are four major types on the basis of form 
and union and they are as follows : 

[1] Regular Polypetalous 
corolla : They are of the following 
types: 

[i] Cruciform corolla: The 
four similar petals which are free; 
distinctly diffrentiated into upper 
broad limb and lower, narrow claw. 
They are arranged at right angles Fig. 10.7 : Forms of corolla: [A] Cruciform (mustard), 
to each other in the form of à [B] Caryophyllaceous (pink), [C] Rosaceous (rose). 
diagonal cross. e.g., mustard. 

[ii] Rosaceous corolla : There are five free similar petals, with a wide limb and 
short claw, spreading outwardly. e.g., rose. 

[iii] Caryophyllaceous corolla: There are five free similar clawed petals, where 
the limbs are placed at right angles to the claws. e.g., pink. 

[2] Irregular Polypetalous corolla : 

[i] Paplionaceous : There are five free petals, which are irregular in shape. The 
fifth one is posterior in position and largest in size and 
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: AN called standard or vexillum. The two lateral petals are 
4 Pe clawed wing or alae, the two anterior petals are united to 
Cavs, e form boat-shaped structure called keel or carina. 
ee Sepil [3] Regular Gamopetalous corolla : 


[i] Tubular : The regular, united petals, which forms 


TSN 
Standard acylindrical tubular corolla without spreading limbs. e.g., 


Wing  / Wing Disc florets of sunflower. 

Ws ZA) [ii] Campanulate : The petals are regular, united to 
SG ie form a bell-shaped corolla; basal part is narrow and 

Corolla | gradually spreads and widens at the top to form a bell- 


shaped structure. e.g., gourd. 
: [iii] Infundibuliform: The regular petals are united 
Fig. 10.8 : Papillionaceous to form a funnel-shaped structure, with a narrow base and 
corolla of pea. wider apex. e. g., Datura. 
[iv] Rotate or wheel shaped : The petals are regular, united to form a short corolla 
tube with a spreading wheel-shaped limb. e.g., brinjal. 


[D] Hypocratariform (Catharanthus), [E] Salver shaped (/xora), [F] Urn shaped (Bryophyllum). 
[v] Hypocratariform or Salver-shaped : The regular, united petals forming a 
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narrow, long tube with a broad spreading limb, placed at right angles to it. e.g., Ixora ; 
Catharanthus. 

[vi] Urn-shaped or Urceolate : The regular petals united to form a structure, which 
is broad at the centre and tapering at the basal and apical end. e.g., Bryophyllum. 

[4] Irregular Gamopetalous corolla : 

[i] Bilabiate (Two lipped) : The irregular corolla lobe form a two-lipped structure 
with a spreading mouth. The upper lip consists 
of two united petals, while the lower lip 
consists of three united petals and the mouth 
remains open at the throat. e.g., Leonurus. 

[ii] Personate or Masked : The corolla is 
formed of five irregular petals united to form 
a bilabiate structure, but the lips are very 
closely placed, which almost encloses the 
mouth. Moreover, the throat of the corolla is 
s closed by the projection of the lower lip knovyn 

Fig. 10.10: Different type of Irregular as palate, e. g., Antirrhinum (Snapdragon). 
gamopetalous corolla : [A] Bilabiate [iii] Ligulate or Strap-shaped : The 
(Leonurus), [B] Personate (snapdragon), corolla is formed of five irregular united petals, 
feet ate enn which appear like a narrow tube with an upper, 
flattened, expanded portion forming a tongue like structure. e.g., Ray florets of sunflower. 


10.6.4. SYNOPSIS OF COROLLA FORMS 


Two Lips 


Corolla 
Polypetalous Gamopetalous 
Regular Irregular Regular Irregular 
1. Cruciform 1. Papilionaceous 1. Tubular J. Bilabiate 
e.g., mustard. e.g., pea, e.g., Disc florets e. g., Leonurus. 
2. Rosaceous of sunflower. 2. Personate 
e.g., rose. 2. Campanulate e.g., Snapdragon. 
3. Caryophyllaceous e.g., Datura. 3. Ligulate 
e.g., pink. 3. Infundibuliform e.g., Ray florets 
e.g., Datura. of sunflower. 
4. Rotate 
e.g., brinjal. 
5. Hypocratariform 
e.g., Ixora. 
6. Urceolate 


e.g., Bryophyllum. 
10.6.5. AESTIVATION 


Definition: It is the mode of arrangement of accessory floral whorls (sepals and 
petals) with respect to one another in the flower bud. 
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Types: Aestivation are of the following types as detailed below: 

[1] Valvate : The margins of sepals or petals simply touch each other in the same 
whorl, but do not overlap, e.g., Sepals of chinarose, petals of Calotropis- 

[2] Twisted or Contorted : The sepals and petals are arranged in such a way, that 
one margin of the sepal or petal overlaps with the margin of the next member. 
Accordingly, the floral members show overlapping arrangement with the next one of 
the same whorl. e.g., Sepals of Argemone, petals of chinarose. 


ee) 


Fig. 10.11 : Types of Aestivation : [A-E] T.S., [A] Valvate, IB] Twisted, [C] Imbricate, [D] 
Quincuncial, [E] Vexillary. [A-E] Same in side view. 


[3] Imbricate : The adjacent members of sepals and petals overlap the margin of 
each other in such a way, that there is one external and one internal, the remaining are 
twisted. As the posterior petal is innermost, the aestivation is also called ascending 
imbricate. e.g., Sepals of Croton, petals of mustard. 

[4] Vexillary : This is a special type of aestivation observed in papilionaceous 
corolla. There are five petals, the odd or Sth one is posterior and outermost, known as 
standard or vexillum, the two lateral petals are wings or alae. The lateral petals partly 
overlap the two smallest and innermost petals, known as keel or carina. It is also 
called descending imbricate. e.g., Corolla of pea. 

[5] Quincuncial : It is a modification of imbricate aestivation with 5 petals, two 
completely internal, two completely external and the remaining one has one margin 
external and one margin internal e.g., Petals of Murraya: 


10.6.6. ANDROECIUM 

The male reproductive essential whorl is androecium. It is the first essential and the 
third floral whorl from outside. The individual members of androecium are called 
stamens. Each stamen has a stalk like structure called filament and the upper sac-like 
structure called anther. The anther lobes are connected to the filament with the help of 
connectives. Each anther lobe has two chambers called pollen sacs or microsporangia. 
The pollen sacs contain microspores or pollen grains. The sterile stamens of certain 
flowers are called staminodes. The staminodes are brightly coloured and called petaloid 
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staminode in ginger. Sometimes, the petaloid staminode hangs in front of the flower in 


Connective Pollen 
Anther Lobe ji 


Chamber 


Fig. 10.12: Structure of Stamen : [A] Whole 
anther, [B] Anther showing connective, [C] 
T.S. of another showing pollen chamber. 


the form of labellum, which acts as the landing 


stage for insects, e.g., Canna. Sometimes the 
filaments bear appendages and is known as 
staminal corona, e.g., Calotropis. 

[a] Number of Stamens : The number of 
stamens may vary from one to many and they 
are as follows : 

[i] Monandrous : There is one functional 
stamen. e. g., ginger. 

[ii] Diandrous: There are two stamens e. gi, 
Adhatoda vasica (B. Basak). 

[iii] Triandrous : There are three stamens 
e.g, Wheat. 

[iv] Tetrandrous : There are four stamens 
e.g., Ocimum (B. Tulsi). 

[v] Pentandrous.: Five stamens present 
e.g., thorn-apple. 


[vi] Hexandrous : Six stamens present e.g., paddy. 

[vii] Polyandrous : There are more than six stamens. e.g., rose. 

[b] Arrangement of Stamens : The stamens are arranged in one or more whorls 
as in Datura or may be arranged spirally along the elongated thalamus, e.g., Michelia. 
They are as follows : 

[i] Isostemonous : The stamens are arranged in one whorl and their number is 
equal to the number of sepals and petals: e.g., Solanum. 

ii] Diplostemonous : The stamens remain in 2 whorls, the outer one are alternate 
with the petals and opposite to the sepals. The inner whorl is arranged in the opposite 
order. e.g., Cassia. 

liii] Obdiplostemonous : In this case, the stamens of the outer whorl are opposite 
to the petals and alternate with the sepals, the inner whorl remain in the reverse order, 
e.g., Geranium. 

[c] Length of Stamens : The length of the 


stamens may vary and accordingly the 
androecium are of the following types : 

[i] Tetradynamous : There are six stamens 
remaining in two whorls, of which the outer two 
are shorter, while the inner four are longer and 
vice versa e.g., mustard, radish. 

[ii] Didynamous : There are four stamens 
arranged in one whorl, of which the posterior 
pair is shorter than the anterior pair or vice versa. 
e.g., Leonurus. 

[liii] Heterodynamous : The stamens are in 
a single whorl, but they are variable in their 
length e.g., Cassia. 
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Fig. 10.13: Length of Stamens: 
[A] Tetradynamous, IB] Didynamous. 


[d] Union of Stamens : The union of stamens may take place with other floral 
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members, called adhesion, the stamens may also unite among themselves, which is 
called cohesion. The union may either take place along the entire length of the stamens 
or by a part of it, i.e., either the filament or by the anther. The different cases are 


discussed below : 
[1] Adhesion of Stamens : 


[i] Epiphyllous : The stamens are attached to the perianth lobes, e.g., tuberose. 


[ii] Epipetalous: The 


stamens are united with 
the petals. Normally the | 
filaments remain united 
with the petals and the | 
anthers are free. e.g., 
Datura, brinjal. 

[iii] Gynandrous : 
The stamens are attached 


Pollinia 


Stigma | 
Anther | 
ar | 
| 


Staminal 


-Corona 


with the carpels, the 
carpels unite completely 
with the stamens to form 
gynostemium or gynostegium e.g., Calotropis, orchid. 


Fig. 10.14 : Different cases of Adhesion of stamens : 
[A] Epipetalous (brinjal), [B] Gynandrous (Calotropis). 


[2] Cohesion of Stamens: The stamens are united by their filaments (adelphy) or 
by their anthers (syngeny) or they may be united completely (synandrous). 
Adelphous : The bundles of stamens are formed by the union of filaments and the 


various types are as follows : 


[i] Monadelphous : The stamens are united by their filaments to form a single 


bundle and the anthers are free. e. g., chinarose. 


Stamen United ‘ 
Stamen Nine into Bundles Peet 
(United) j Anther 
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Fig. 10.15 : Different cases of cohesion of stamens: [A] Monadel- 
phous (chinarose), [B] Diadelphous (pea), [C] Polyadelphous (silk 
cotton), [D] Syngenesious (sunflower), [E] Synandrous (gourd). 


[ii] Diadelphous : 
The stamens are arranged 
in two bundles, as for e.g., 
in pea there are 10 
stamens, of which nine 
stamens are united to 
form a single bundle, 
while the remaining one 
form the second bundle. 

[iii] Polyadelphous : 
The stamens are united to 
form several bundles. 
e.g., silk-cotton, Citrus. 


Syngenesious or Synantherous condition: In this androecium, the stamens are 
united by their anthers but the filaments are free, which forms a tube-like structures 


round the style. e.g., sunflower. 
Synandrous condition : 


In this case, the stamens are united along their entire length, i.e., both the filament 
and anther to form a compact structure. e.g., male flower of gourd. 
Filament : The finger-like stalk of the stamen is called filament and the various 


structural forms are as follows : 
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[i] Sessile stamen : Filaments are absent and so anthers are sessile e.g., arum. 

[ii] Inserted stamen : The stamens are of average size and they are inserted within 
the corolla e.g., chinarose. 

[iii] Exposed stamen : The stamens are longer and protrude out of the flower, 
because of the longer length of the filament. e.g., Mimosa. 

liv] Branched stamen : The stamens are branched because of the branching of the 
filament e.g., castor, 

[v] Flat stamen : The filament is short and flat. e.g., water-lily. 

[vi] Club-shaped stamen : The stamen is club-shaped in camphor. 

Anthers or Microsporangia : The anther lobes are attached to the filament with 
the help of the connective. Each lobe is composed of two microsporangia separated by 
a septum. A fully developed anther shows a quadrilocular structure containing four 
microsporangia. But the anthers appear bilocular due to the integration of the septum 
separating the 2 sporangia. The anthers may be of two types depending upon the line of 
dehiscence : 

[i] Introrse : The line of dehiscence is directed towards the gynoecium. 

[ii] Extrorse : The line of dehiscence is directed towards the petals. 

[a] Attachment of anther to filament : The filament are attached to anther with the 
help of connective and on the basis of this attachment, they are of the following types: 


a } [i] Basifixed or Innate : The filament is 
AN | attached to the base of the anther, e.g., mustard. 
j | [ii] Dorsifixed : The tip of the filamentis firmly 


i | attached to the back or dorsal side of thé anther. 
| e.g., Sesbania. 
| [ii] Adnate : The filament is attached to the 
| back of the anther throughout the entire lengthe.g., 
| Sesbania. 

f 0 une 2 rai} [iv] Versatile : The tip of the filament is attached 
Fig. 10.16 : Attachment of anther to the to the back of the anther at a point in such a way, 
filament : [A] Basifixed (mustard), IB] that the anther can swing, get detached from the 
Adnate (Nymphaea), [C] Dorsifixed filament and move freely in the air. e.g., grasses. 
(Sesbania), [D] Versatile (grass). paddy, wheat. 

[b] Shape of the anther : The shape of the anther are of the following types : 

lil Linear : The anther lobes are narrow and long. e.g., Nymphaea. 

lii] Oval : The lobes are oval or somewhat rounded in shape. e.g., Prunus. 

[iii] Sagittate: The lobes are arrow-shaped ; e.g., Vinca. 

liv] Reniform : The lobe is kKidney-shaped e. g., chinarose. 

[v] Sinuous : The lobes are convoluted to form S' shaped structure ; e.g., gourd. 
[vi] Appendiculate : The lobes àre provided with appendages of different kinds : 

e.g:, leafy appendage in Erica, 

[vii] Filamentous : The lobes are thread-like or filamentous in nature, e. g., Zostera. 

[c] Dehiscence of anther : The anther lobes burst or dehisce on maturity and the 
pollen grains are discharged for pollination. The dehiscence of anther are of the following 
types : 

[i] Transverse : The anther lobes split transversely ; e.g., Chinarose. 

[ii] Longitudinal : The anther lobes split along the longitudinal line e. g., Datura. 


w 
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[iii] Apical : The anther lobe dehisce by an apical pore ; e.g., brinjal. 

[iv] Valvular : The lateral wall of the anther lobe open in the form of valve-like 
structures. e.g., Barberis. 

[3] Pollengrain or Microspore : The pollen grains are produced in large quantity 
in the form of granular structures and they exhibit the following structures : 
i] They are dry or powdery in nature. 
[i] They are round or oval in shape. 
iii] They are protected by a two-layered wall. 
iv] The outer wall is exine, which is provided with 
ornamentation and has the germ pores. 
[v] The inner intine is thin and smooth, which bulges out to 
form the pollen tube. 


vi] The pollen grains becomes united into a mass of spore Pollen Sac 
sac called pollinium. e.g., orchid, Calotropis. The pollinium in Fig. 10.17: Pollinia 
orchid is a club-shaped structure with a sticky-disc at the base, of Calotrophis. 


but in Calotropis, they include apair of sacs with a central apical hook-like structure. 
This helps in insect pollination. 


10.6.7. GYNOECIUM OR PISTIL 

The centrally placed floral member, which is the female reproductive structure. The 
— individual members of the 
Free Carpels gynoecium is carpel. It 
(Apecameges) consists of a swollen base 
called the ovary, the long 
filiform structure called 
style and a knob-like tip 
of the style called stigma, 
The carpels may be one or 
many. The carpels may be 
free in apocarpous pistil 
and united in syncarpous 
pistil. 


Carpels 


Fig. 10.18 ; Apocarpous gynoecium : [A] lotus, [B] Michelia, [C] rose. 


[a] Number of Carpels : The number of carpels may vary from one to many. The 
different cases are as follows : 

[i] Monocarpellary ovary : The ovary is simple, consisting of single carpel. e.g., 
pea. 

[ii] Bicarpellary ovary : The ovary consists of two carpels. e.g., Vinca. 

[iii] Tricarpellary ovary : The ovary with three carpels e.g., Croton. 

[iv] Tetracarpellary ovary : The ovary consists of four carpels e.g., Ixora. 

[v] Pentacarpellary ovary : There are five carpels e.g., chinarose. 


[vi] Polycarpellary : The number of carpels are more than five. The gynoecium is 
compound and the carpels are free in apocarpous pistil e.g., lotus, rose and the carpels 
are united in syncarpous pistil e.g., Malva. 
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[b] Parts of a carpel : The carpel is the leafy member of the gynoetium. It is the 
megasporophyll and becomes folded along the midrib 
(dorsal suture), with their margins meeting at the ventral 
suture. It consists of the basal ovary, stalk-like style and 
apical stigma. 

[I] Ovary : It is the basal, swollen part of thecarpel 


( | containing one or more ovules. 

ý | [a] Position of the ovary : According to position, 
de ovary may be of the following types. 

Fig. 10.19 : Syncarpous pistils : [i] Superior ovary : The ovary is said to be superior, 


[A] Typical, [B] chinarose (stigma when it is situated above the zone of attachment of 
head free), [C] pink (bifid stigma), sepals, petals and androecium. It is free from its lateral 
[Dh Caorrapis (double follicle). union to the thalamus. e.g., Chinarose, 

[ii] Inferior ovary : It is situated below the zone of attachment of sepals, petals and 
stamens and is united with the receptacle both laterally and basally. e.g., gourd. 

lii] Half-inferior ovary : It is semi-inferior in nature, ie., the ovary is partly 
adherent to the receptacle, which is an intermediate position between inferior and 
superior conditions. e.g., pea. 

[b] Chambers of the ovary : The chambers of the Ovar) Nera! 
may be one to many, depending upon the the number of | Suture ir! 
carpels, They may be of the following types : 

{i] The single chamber is noted in case of mono- 
Carpellary ovary, e.g., paddy. 

[ii] In a polycarpellary ovary, each ovary consists, of 
single chamber e.g., Michelia. 

[iii] In a syncarpous ovary,.the carpels are fused and a 
many chambered ovary is formed e.g., chinarose. 

liv] The partition wall of the carpel chambers may get 
dissolved forming a single chamber, e.g., mustard. 

[v] Sometimes the two-chambered ovary become four- 
chambered with the development of false septum. e. g., Fig. 10.20: Monocarpellary 
Datura. pistil of pea. 

[II] Style: It is short or long stalk-like portion of the carpel. They can be classified 
in the following way: 


Doesal | 
Suture, | 


” [i] Apical or Terminal : The style arises from the 
} top of the ovary. e.g., Mustard. 
0 [ii] Basillar : The style arises from a portion near 


ovary e. g., mango.. 


liv] Gynobasic : The Ovary. is four-lobed with a 
A Si depression at the apex and the style arises from the base 
Fig. 10.21: Types of styles: of the ovary. e.g., Leonurus. 


[A] Lateral, [B] Gynobasic, [v] Petaloid : The style is leafy and petaloid in 
[C] Terminal. Canna. 


A 


Mt the base e. g., Violla. 
6 [iii] Lateral: The Style arises from the side of the 
ee Eats, 
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[vi] Stylopodium : The base of the style is swollen forming stylopodium. e.g., 
Coriander. 

[I] Stigma: The terminal knob-like structure of the style which acts like a pollen 
receiving organ. The different forms of stigma are as follows : 

[i] Feathery : The stigma is feathery in nature e. g., rice, maize. 

[ii] Capitate: The stigmal head is i 


stalked, arising from the same level. e.g., -a i | 
mustard, es | 
Seesen N i | 


[iii] Dumbbell-shaped : The stigma 
head acquire the shape of a dumbbell. 
e.g., Nerium. 

liv] Sessile : The style is absent, so 
the stigma is situated directly on the 
ovary. e. g., lotus. 

[v] Striate : The stigmal head is star- 
shaped. e.g., Papavar. 

[vi] Bifid : The stigmal head is 
divided into two finger-like lobes, 
projected in opposite directions. e. g., 
Datura. 

[vii] Trifid : There are three finger-like lobes. e.g., Female flower of gourd. 


10.6.8. PLACENTA AND PLACENTATION 


[1] Placenta : The tissue developing as a differentiated growth of the carpellary 
leaf of the ovary, in which the ovules are situated. The placenta usually develops along 
the central suture, ie., along the margins of carpels. It may also develop on the 
prolongation of the thalamus. 

[2] Placentation : /t is the mode of arrangement of ovules on the placenta, within 
the ovary chamber. 

[3] Types of Placentation : Depending upon the site of formation of placenta, the 
placentation can be of following types: 

[i] Marginal : The ovary is monocarpellary and one-chambered and the placenta 
develops along the fused margins of a carpel, ie., along the ventral suture of the ovary. 
e.g., pea. 

[ii] Basal : The ovary is multi- carpellary, but it is one-chambered and the placenta 
bearing a single ovule develops directly on the thalamus at the base of the ovary e.g., 
sunflower. 

[iii] Axile : The ovary is multicarpellary and many-chambered. The number of 
chambers is corresponding to the number of carpels. The ventral suture of the carpels 
meet at the centre to form an axis, on which the placenta develops bearing the ovules. 
e. g., chinarose. 

[iv] Partietal : The ovary is multicarpellary but one-chambered, the placenta 
develops on the ventral sutures of the carpellary leaves, the placenta bearing the ovules 
remain attached to the confluent margins of the respective carpels in the ovary. In some 
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members (mustard), the projections of the placental tissue develop into a partition wall 
or replum and thus the unilocular ovary becomes bilocular. In the same way, in gourd, 
the similar devlopment of the false septum makes the ovary tri-locular or multi-locular, 
e.g., mustard, gourd. 

[v] Central : The partition walls of 
the axile placentation between the 
chambers dissolve, as a result of which 
the ovary becomes one-chambered, the 
placentas surround the central axis, 
which bear the ovules. Hence, it is a 
derivative of axile placentation e.g., 
Dianthus. 

[vi] Free-central : It is almost a 
central placentation, but the axis is the 


—— : prolongation of the thalamus e.g., 
Fig. 10.23 : Types of placentation : [A] Marginal Primula. 
(pea), [B] Parietal (papaw), [C] Axile (chinarose). [vii] Superficial : The ovary is 


[D] Basal (sunflower), IE] Free- central (Primula), 


IF] Supecticial (water. ü) multi-carpellary and many-chamber 


like that of the axile placentation, but 
the placentas, bearing the ovules in this case develop from the surfaces of the partition 
walls, 


Placentation 


Monocarpellary Ovary 
l. Marginal 
e.g., pea 


Placenta developing Placentan originating Placenta developing 
on ventral suture. from elongated thalamus. on the surface of 
1. Parietal 1. Basal partition wall. 
e.g., gourd e.g., sunflower J. Superficial 
2. Axile 2. Free-central e.g water-lily 
e.g., chinarose e. g., Primula. 
3. Central 


e.g., Dianthus 


10.6.9. THE OVULE OR MEGASPORANGIUM 


[a] Definition : The integumented embryo-sac containing megasporangium or 
simply the egg containing organ within the ovary. It is borne on the placenta within the 
ovary and is transformed into seed after fertilization. In angiospermic plants, the 
megasporophyfl forms a closed structure and protect the ovules, which is actually the 
ovary. Hence the seeds formed after fertilization remain within the ovary, which forms 
the fruit, 

[b] Structure of ovule : The ovule consists of sporophytic (2n) and gametophytic 
(n) structures. 
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[A] Sporophytie structures : The various sporophytic structures of the ovule are 
as follows : 

[1] Funicle or Funiculus : 

[i] The slender stalk of the ovule with which it is attached to the placenta. 

[ii] It is attached to the base of the ovule. 

[2] Hilum : 

[i] The point of attachment of the funicle to the body of the ovule. 

[ii] It represents the lateral auam 
she ofthe ove [Rapes a it cha 

[3] Chalaza : Z aN 


\ 
kuy 
Nucellus 


[i] The basal portion of the [Embryos 7 § = \ 

ovule, present above the hilum, N Antipodal Cells (3) 
[ii] The integuments uma AA Noa ow} E 

originate from this point. N 
[iii] Sometimes the funicle a 


polar Nuclei (2) | 


JE 
+/—Synergids | 


extends beyond the hilum along \ : Y U BA i 
s Outer Integumen 
the body of the ovule upto the Panicle — A14 bea pe Thee so 8 2 
chalazal end, forming a tissue N |/Micropyle 
called raphe. be 1 | : 
[iv] The raphe may be both Fig. 10.24 : Structure of an anatropous ovule. 


dorsal or ventral in an ovule. 

[4] Integuments : 

[i] The covering of the ovule, which encloses the inner ovular part. 

lii] They are formed of two layers. i 

[iii] They are free at the apical end and fused at the basal end of ovule. 

[5] Nucellus : 

[i] It is the central mass of ovular tissue. 

[ii] The nucellus remains covered by the integuments. 

[iii] The nucellus itself surrounds the embryo sac. 

[6] Micropyle : 

[i] The minute pore like opening at the apex of the ovule. 

{ii] They are formed due to the discontinuity of the nucellus at the apical end of the 
ovule. 

[B] Gametophytic structure : 

[1] Embryo sac (Female gametophyte) z 

The female gametophyte bears the embryo after fertilization and hence called the 
embryo sac. It shows the following structures : 

[i] A large, oval, sac-like structure. 

[ii] It is embedded within the nucellus, remaining close to the micropylar end. 

[iii] The embryo sac mother cell undergoes meiosis to produce four haploid cells, 
of which three degenerate and one remains. 

[iv] The remaining one forms the matured embryo sac. 

[v] The haploid nucleus of the embryo sac undergoes three successive mitotic 
divisions to produce eight nuclei, of which three each move towards the chalazal end 
and micropylar end respectively and the remaining two come to the centre. 
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[vi] The three cells at the micropylar end form the egg apparatus, which consists 
of a prominent central cell called the egg or ovum and the remaining two cells form the 
synergids. 

[vii] The three cells at the micropylar end form the antipodal cells. 


[viii] The two haploid nuclei coming towards the centre are called polar nuclei, 
which fuse with each other to form the diploid definitive nucleus or fusion nucleus. 


[C] Types of ovules : The angiospermic ovules may be of the following types 
depending upon its attachment with the funicle : 


[i] Orthotropous : The ovule is erect in position, the micropyle, chalaza and funicle 
lic on a straight line e.g., Piper: 


[C] Amphitropus, [D] Campylotropous. 


[ii] Anatropous (Inverted) : The ovule is completely inverted and the micropylar 


end of the ovule comes very close to the hilum and the chalaza is directed upward. e.g., 
Leonurus. 


liii] Amphitropous (Transverse) : The ovule is transversely placed and it is bend 


in such a way, that the axis of the micropyle and chalaza remain transversely at right 
angles to the funicle. e.g., Lemna. 


[iv] Campylotropous (Curved) : The ovule is curved in such a way that the 
micropyle chalaza axis takes up a horseshoe-shaped form, thus both the micropyle 
and chalaza almost point to the same direction downward. e.g., Brassica. 


10.7. Floral Formula 


[1] Definition : Floral formula is the symbolic representation of the entire flower. 
It represents the number of whorls, their individual numbers and their cohesion and 
adhesion. Here ‘K?’ stands for calyx, ‘C?’ for corolla, ‘A’ for androecium and ‘G’ for 
gynoecium, O) indicates cohesion, e.g., (K), where the numerals given in suffices give 


the number of floral members. indicates adhesion i.e., €. Az, —— below and 


above G indicates superior and inferior ovary ie., Gis or Ges: The sign œ indicate 


If the floral members remain in two different 

ween, ie., A. The male flower are denoted 

as ge female flower as Q and bisexual flower as ret The actinomorphic flower 
+ 


bear S' sign, while zygomorphic flowers have ‘%’ sign. The bracts or bracteoles are 
denoted by ‘Br’, coming at the beginning of the floral formula. 


infinite number of a floral whorl, ie., Ag 
whorl, they are denoted by ‘+’ sign in bet 
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[2] The major symbols are tabulated below : 


(1) % — Bisexual flower (1) A — Androecium 
(2) % — Male flower (12) G — Gynoecium 
(3) 0 — Female flower (13) 6 „ Superior ovary 
(4) G — Actinomorphic flower (14) 6 — Inferior ovary 
A — 
85 * — Zygomorphic flower (15) CA = Epipetalous condition 
(6) Br/Brl = Bracteate/Bracteolate (16) (G) — Syncarpous ovary 
(7) FE — Perianth (17) a — Infinite 
3 ~ 
(8) K — Calyx (18) K-A - Episepalous condition 
—— 
(9) C — Corolla (19) P-A Epiphyllous condition 


(10) (K) or (C) - United calyx or corolla. (20) 4 — Androecium in 2 
whorls. 

[3] Examples: 

[1] Chinarose (Hibiscus rosa sinensis) Flower : Brog K % , A0 It indicates 
the flower is bracteolate, actinomorphic, bisexual, sepals five, gamosepalous (united 
sepals), petals five, polypetalous (petals free), stamens many, monadelphous (united 
stamens), carpels five, syncarpous, united, ovary superior. 


[2] Datura (Datura metel) flower: & 0 K CAs G, It indicates the flower is 
actinomorphic, bisexual, sepals five. gamosepalous, petals fiye, polypetalous, stamens 
five, epipetalous, carpels two, united, superior ovary. 

[3] Gourd (Cucurbita maxima) flower : 

[a] Male flower: G 8 Ks, Cs Aw It indicates the flower is actinomorphic. 
maleflower present (unisexual), sepals five, gamosepalous, petals five, gamopetalous, 
stamens five, united, carpels absent. 

[b] Female flower: O K er It indicates flower is actinomorphic, sepals 
five, gamosepalous, petals five, gamopetalous, stamens absent, carpels five, united, 

[4] Ranunculus flower: Br © OK, C, A Gy It indicates flower is bracteate 

Ossie 
actinomorphic, bisexual, sepals and petals five, free, stamens infinite. Carpels two, 
united, ovary superior (hypogynous). 

[5] Mustard (Brassica campestris) flower: ® 3 K C. Ar Gay It indicates the 
flower is actinomorphic, bisexual, sepals in two whorls, petals four, free, stamens six, 
tetradynamous, carpels two, syncarpous, Ovary superior (hypogynous). 

[6] Pea flower : % od K Cibrao Aon G, lt indicates the flower iszygomorphic. 
bisexual, sepals five, gamosepalous, petals five, one large and remaining four united in 
batches of two, stamens ten, didynamous. nine united and one free, carpel one, 


perigynous. 
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[7] Sunflower : we 12 3 j 
[a] Disc-floret : Brl & K pappus CA,, Gey It indicates flower is bracteolate, 
F 
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actinomorphic, bisexual, sepals reduced to form pappus, petals five, gamopetalous, 
stamens five, united, epipetalous, carpels two, syncarpous, epigynous Że., inferior Ovary. 

[b] Ray floret : Br! % Q Kpappus C,A, G,,, (2). It indicates the flower bracteolate, 
zygomorphic, female organ present, sepals reduced to form pappus, petals two, stamens 
absent, carpels two, syncarpous, inferior ovary (epigynous). 


[8] Allium flower: Br. © 0 PAR AGS It indicates the flower-is bracteate, 
Y Saw Mas Se 


bisexual, sepals and petals undifferentiated to form six perianth lobes remaining in two 
whorls of three each, united, stamens six in two whorls of three each, carpels three, 
syncarpous, ovary superior. 


[9] Banana (Musa paradisiaca)flower : 


Male flower: % Gp BG, 


Female flower: % Q Pn Ay Ge 
It indicates flowers are unisexual, irregular, contains undifferentiated perianth. 
Perianth petalloid, 6 in number, the inner posterior is free, rest fused. Male flower with 
5 stamen, the sixth stamen is forming rudimentary staminode. Female flower with 3 
united carpels, ovary inferior. 
[10] Paddy (Oryza sativa) flower: Br. Brl % G. P. A; G, It indicates the flower is 
2 


bracteate and bracteolate, zygomorphic, bisexual, perianth two (not differentiated into 
sepals and petals), free, stamens three, carpel one. 
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10.8. Floral Diagram 


[1] Definition : / is the diagrammetic illustration of the relative position and number 
of floral members in each whorl, in 
Mother Axis relation to the inflorescence or 
mother axis. The arrangement of 
floral whorl and other informations 
regarding the floral whorls, except 
the position of the Ovary (I. e., 
hypogyny, epigyny or perigyny) can 
be obtained from the floral diagram. 

[2] Method : In order to 
Construct a floral diagram of a 
flower, the flower bud is cut 
transversely and examined with the 
help of hand lens. The floral leaves 
are observed in their respective 
Positions and their aestivation is also 
clear. The stamens are observed as 
Fig. 10.26 : Floral diagram of a typical bisexual flower. two lobed Structure. The gynoecium 
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is observed as the centralmost whorl and the chambers of ovary and placentation are 
distinctly observed. 


[3] Description : The floral diagram may have the following structures : 

[i] The mother axis is a black dot outside the outermost whorl of sepal. 

[ii] They are followed by the bracts or bracteoles. 

[iii] The calyx whorl are placed next with free or united sepals, the united nature is 
represented by intermediate lines. 

[iv] The flower portion remaining towards the axis are the anterior part, while the 
other side is the posterior part. 


Carpel 
© oblique 


M 


Fig. 10.27 : Floral diagram some common flowers,: [A] Brassica sp [B] Rannuculus sp [C] 
Hibiscus sp [D] Solanum sp [E] Pisum sp [F] Allium sp 

[v] The corolla whorl follow the calyx, with free or united petals. 

[vi] The aestivation of corolla along with the arrangement is observed e.g., 
papilionaceous corolla of pea or two whorled arrangement of Allium. 

[vii] The stamens follow the corolla, which may be few to many, united stamens 
represented by joining lines (e. g., chinarose), epipetalous stamens repersented by lines 
joining the stamen with corolla e.g., Solanum. The didynamous stamen of pea 
represented by nine joined and one free stamen lobe. 

[viii] The ovary is the central-most organ and the placentations are distinctly 
observed. Sometimes the ovary may be tilted, forming an angle with the mother axis as 
in family Solanaceae. 

[4] Significance : Floral diagram indicates the following things : 

[i] Position of the mother axis. 

[ii] Presence of bracts and bractoles 

[iii] Number and aestivation of sepals and petals. 

[iv] Number attachment and arrangement of the stamens. 

[v] Number of carpels, placentation and torsion of the ovary. 


2253—21 
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10.9. Important Distinctions 
[A] Calyx and Corolla : 


Points of Differences Corolla 


{1] The second inner accessory 
whorl of flower. 


[1] The outermost accessory 
whorl of flower. 


[1] Location 


[2] Nature [2] It is leafy, green in nature | [2] Itis leafy in nature, coloured 
due to the presence of due to the presence of 
chlorophyll. carotenoid pigments. 

[3] Members [3] Individual members are [3] The individual members are 
called sepals. called petals. 

[4] Differentiation [4] The sepals are not differe- | [4] The petals are differentiated 
ntiated. into limbs and claw. 

[5] Scent [5] The sepals are not scented. | [5] The petals may be scented. 

[6] Role in {6} They do not have any role | [6] They have possible role in 

pollination in pollination. pollination. 


[7] Modification [7] They may be modified to 
hair-like pappus, helping 
in seed dispersal. 

[8] May be persistant even 
after the formation. of 
fruit. 

[9] Protect the inner whorls [9] Protect the essential whorl, 


and help in photosynthesis] help in pollination. 


71 No role in seed dispersal. 


[8] Duration [8] Usually falls off. 


[9] Function 


[B] Androecium and Gynoecium : 


Points of Differences Gynoecium 

(1) Location [1] The third floral whorl | [1] The innermost essential 
and first essential whorl whorl remaining next to 
remaining next to corolla. androecium. 

[2] Nature [2] The male reproductive [2] The female reproductive 
organ. organ. 

[3] Individual [3] The individual members [3] The individual members are 

members are called stamens. called carpels. 

[4] Components [4] The components are rod- {4} There are three parts, viz; 
shaped filament and sac- basal ovary, stalk-like style 
like anther. and upper stigma. 

[5] Units [5] The anther contains the [5] Ovary contains the ovules 
pollen sacs and ultimately attached to ovary wall by 
the pollen grains. placenta. 

[6] Pollen grains [6] The pollen grains are [6] The tip of the carpel or the 
generated from the stigma receives the pollen 
pollen sacs. grains. 

[7] Fruit formation [7] Does not take part in fruit {7] Ovary forms the fruit, while 
formation. ovules form the Seeds after 


fertilization. 
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[8] The stamens unite with 
each other to form 
syngenesious or synan- 
drous condition. 

{9} They. adhere torcarpels, 
petals or perianth. 

[10] The stamens dry and fall 

off after fertilization. 


Points of Differences 


[8] Cohesion 


Gynoecium 


[8] Carpels fuse to form syncar- 
pous condition. 


[9] Adhesion [9] They can only adhere to sta- 
mens, 

| 10] The style and stigma 

usually dry up, but ovary 

remains after fertilization. 


[10] Duration 


LC] Complete and Incomplete flowers: 


Complete flower 


[1] It is considered as a typi- 
cal flower. 

[2] The flower contains all 
the four whorls viz., calyx 
corolla, androecium and 
gynoecium. 

[3] It is always a bisexual 
flower, 

[4] chinarose. 


Points of Differences 
[1] Nature 


Incomplete flower 

[1] Itis not considered as a typi- 
cal flower. 

[2]-Any-one-of the accessory 
whorl or the essential whorl) 
or the essential whorl is lack= 
ing. 

[3] It may be bisexual, unisexual 
or neuter flower. 

[4] tuberose, gourd. 


[2] Components 


[3] Sexuality 


[4] Example 


[D] Regular (Actinomorphic) and Irregular (Zygomorphic) flowers: 


Irregular (Zygomor- 
phic) flower 


Regular (Actinomorphic) 


Points of Differences 
flowe 


i 


[1] Nature [1] The floral whorls vary in 


their size and shape. 


[1] The essential and access- 
ory whorls have more or 
less uniform size and 
shape. 

[2] The flowers can be cut 
into two equal halves at 
any plane. 

‘| [3] chinarose. 


[2] The flowers can be cut into 
two equal halves only at one 
particular plane. 

[3] pea. 


[2] Planner 
Arrangement 


[3] Example 


[E] Unisexual and Bisexual flowers : 


Unisexual flower 


Points of Differences Bisexual flower 


[1] Nature [1] The flower consists of |[1] The flower consists of both 
any one of the reproduc- the essential whorls, I. e., sta- 
tive organ, viz., stamen men and carpel. 
or carpel. 

[2] Types [2] They are of two types, viz] [2] They connot be classified in 


staminate and pistillate 
[3] gourd. 


that way. 
[3] chinarose. 


[3] Example 
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[F] Cohesion and Adhesion of stamens : 


Points of Differences Cohesion of stamens 


[1] Definition I] The stamens attach with 
each other forming 
fascicles. 

[2] They form adelphy, i.e., 

monadelphous (chinarose), 

diadelphous (pea) and 
polyadelphous (Citrus). 


Adhesion of stamens 


[1] The stamens are attached to 
other whorls. 


2] They may be attached to 
perianth, i.e., epiphyllous 
(pea) or petals, ie., epipeta- 
lous (Datura) or gynandrous 
ie., with carpel in orchids. 

[3] They are attached hy their 
bases to perianth and petals, 
or unite fully with carpels to 
form gynoestegium. 


[2] Types 


[3] Area of attach- 
ment 


[3] They may be united by 
their anther or syngene- 
sious (sunflower) or 
fused completely to form 

synandrous condition 

(gourd). 


[G] Vexillum and Vexillary : 


Points of Differences 


[1] Definition [1] It is one of the corolla 
lobe in the papilionace- 
ous corolla of pea. 


Vexillary 

[1] The arrangement aestivation 
of corolla lobes in the papi- 
lionaceous corolla of pea is 
called vexillary. 

[2] They are the largest, fifth | [2] They, comprise of the large 
corolla lobe, also called vexillum; lateral wings and 

standard. basal keel forming a butter- 

fly like structure. 


[2] Structure 


[H] Apocarpous and Syncarpous pistil.: 


Points of Differences Apocarpous pistil 


[1] Definition [1] The carpels are free from} [1] The carpels are fused with 

each other. each other. 

[2] It is considered to'be a | [2] It is an advanced character. 
primitive character. 

[3] It may be marginal or 
basal. 

[4] Michelia. 


Syncarpous pistil 


[2] Advanceness 


[3] Placentation [3] Itis axile, free central, parie- 
tal or superficial in nature. 


[4] Hibiscus (chinarose). 


[4] Example 


[I] Monadelphous and Diadelphous stamen : 


Points of Differences Monadelphous Diadelphous stamen 


[1] Structure [1] The stamens fuse to form II] The stamens fuse to form 

single adelphy or bundle. two adelphy or bundles 
(equal or unequal). 

[2] It is usually an advanced 
character. 

[3] pea. 


[2] Advanceness [2] It is a comparatively 
primitive character. 


[3] chinarose. 


[3] Example 
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[J] Orthotropous and Anatropous ovule : 


Orthotropous ovule 


[1] The ovule is straight. 


Points of Differences 


Anatropous ovule 
[1] Arrangement 
[2] Structure 


[1] The ovule is inverted. 


[2] The funicle and chalaza re- 
main ina line, but micropyle 
is displaced. 


[2] The micropyle, chalaza 
and funicle, all remain in 
a straight line. 


[3] Chalaza [3] The chalaza is very close | [3] It is at opposite end to the 


to funicle. funicle. 


[4] Micropyle [4] It is at opposite end to [4] It is very close to funicle. 


funicle. 
[5] Less frequent. 
[6] Piper. 


[5] Frequency [5] Most frequently observed. 


[6] Leucus. 


[6] Example 


[K] Syngenesious and Synandrous condition : 


Syngenesious condition 


[1] The stamens are fused by |[1] The stamens fuse both by 
their anthers’ but the fila- their filaments and anther. 
ments are free. 


Points of Differences 
I Definition 


Synandrous condition 


[2] It is a more compact struc- 
ture. 


2] Compactness [2] It is a less compact struc- 


ture. 


[3] sunflower. [3] male flower of gourd. 


[3] Example 


[L] Hypogynous and Epigynous flower : 


Hypogynous flower 


[1] The flower in which the 
carpel is above all the 
other whorls. 


[2] It is free from the thala- 


Points of Differences Epigynous flower 


[1] Definition 


[1] The carpel is below all other 
whorls. 


[2] Fusion with [2] Itis united with the thalamus 


thalamus mus. both laterally and basally. 
[3] Ovary position | [3] It is superior. [3] It is inferior. 
[4] Example [4] chinarose. [4] gourd. 


[M] Basifixed and Dorsifixed anther : 


Basifixed anther 


[1] The filament is attached | [1] The filament is attached to 
to the base of the anther. the dorsal side of the anther. 


Points of Differences Dorsifixed anther 


[1] Definition 


[2] The attachment is compara- 
tively less strong. 


[2] The attachment is more 
strong. 


[2] Strength of 
attachment 


[3] mustard. [3] Sesbania. 


[3] Example 
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[N] Caducous and Deciduous calyx : 


Caducous calyx 


[1] The sepals fall off even 
before the flower has 
opened completely, also 
called fungacious. 

[2] Comparatively less. 

[3] poppy. 


Points of Differences Deciduous calyx 


[1] Definition 


[1] The sepals fall off atong with 
petals after fertilization, 


[2] Comparatively more, 
[3] mustard. 


[2] Duration 
[3] Example 


[O] Aecrescent and Macrescent calyx : 


Accrescent calyx 


[1] The persistent calyx 
which grows in size 
along with the fruit. 

[2] brinjal. 


Points of Differences Macrescent calyx 


[1] Structure 


[1] The persistent calyx that 
does not grow with the 


developing fruit. 
12] tomato. 


[2] Example 


[P] Anemophilous and Entomophilous flower: 


Anemophilous flower 


[1] The flower is pollinated 


Points of Differences Entomophilous flower 


[1] Definition 


[1] The flower pollinated by in- 


by wind, sects. 
[2] Corolla [2] The corolla lobes are [2] They are bright and conspi- 
inconspicuous. cuous in nature. 


[3] Anthers 3 They are usually dorsi- 
fixed or versatile. 

[4] Granular, light in weight] [4] May form specialized struc- 
tures called pollinia. 

[5] Salvia. 


[3] May be basifixed or adnate. 


[4] Pollen grains 


[5] Example [5] paddy. 


[Q] Floral formula and Floral diagram: 


Points of Differences 
[1] Definition 


Floral diagram 


[1] The symbolic representa- 
tion of a flower. 


[1] The diagrammatic represen- 
tation of the flower in trans- 
verse section. 

[2] The floral whorls, their num- 
ber, aestivation can be under- 
stood but not the ovary posi- 
tion. 


[2] The nature of flower, 
of floral whorls, their 
cohesion and adhesion 
can be understood along 
with ovary position, but 
not aestivation. 


[2] Utility 


[3] Priority [3] The floral formula is pre- 
pared on the basis of 


floral diagram. 


3] The floral diagram is made 
on the basis of arrangement 
of the respective whorls in 

the flower bud. 
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Flower is a determinate and modified shoot for reproduction. 

The flower consists of floral parts inserted in the thalamus. 

The shoot nature of the flower can be proved by the axis nature of thalamus in 
Gynandropsis and leafy nature of the floral parts in Nymphaea. 

The flower is arising from the stalk of the inflorescence or peduncle or rachis. 
The flowers may be with a short stalk called pedicel, or sometimes it may be 
without any stalk and called sessile flower. 

A complete flower has four whorls, viz., calyx, corolla, androecitym and gynoecium. 
An incomplete flower lacks any one of the whorl, which may be either accessory 
whorl or essential whorl. 

A flower having only androecium or gynoecium are unisexual flower, which are 
called staminate flower and pistillate flowers respectively. 

A complete flower can be actinomérphi¢ or zygomorphic in nature. 

The actinomorphic flower can be cut into two equal halves at any plane, but the 
zygomorphic flower are cut into two equal halves at one particular plane. 

The flower may be suspended at the base by a bracteole. 

The calyx and corolla are the accessory whorls, while the androecium and 
gynoecium are the essential whorls, because they help in reproduction. 

The individual units Of calyx ate called sepals. 

The sepals are the outermost whorl, which contain chlorophyll and are green in 
colour, 

The sepals may be united in gamosepalous and free in polysepalous condition. 
The calyx may be deciduous or persistent in nature, persistent calyx may be 
macrescent or accrescent in nature. 

The calyx may be reduced to form pappus helping in the dispersal of seed. 

The corolla represents the second accessory whorl next to calyx. 

The individual members of corolla are called petals. 

The petals are differentiated into upper broad lip and lower narrow limb. 

The petals may be united (gamopetalous) or free (polypetalous). 

Petals may exhibit various forms like cruciform, papilionaceous, tubular, 
campanulate, rotate. 

They may also exhibit various irregular forms like bilabiate, personate or ligulate. 
The pattern of arrangement of sepals and petals on the thalamus is called 
uestivation. 

The different types of aesti vation include valvate, imbricate, twisted, quincuncial 
and vexillary. 

The androecium is the third whorl of a flower, and it represents the male 
reproductive structure. 

The individual units of androecium are called stamens. 

Each stamen is divided into a stalk-like basal part called filament and the apical 
anther. 

The anther is bilobed containing the microsporangia and the microsperes or pollen- 
grains, 

The stamens exhibit cohesion between themselves and adhesion with other whorls. 
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On the basis of adhesion, stamens may be epipetalous, epiphyllous or gynandrous. Í 
On the basis of cohesion, stamens may be monadelphous, diadelphous or 
polyadelphous in nature. 


AG 


The individual units of gynoecium are carpels. 

Each carpel is divided into basal ovary, stalk-like style and apical stigma. 
Carpels can be united (syncarpous) or free (apocarpous). 

On the basis of the position of ovary on the thalamus, the flowers may be classified 
into three types, viz., hypogynous flower with superior ovary, epigynous flower 
with inferior ovary and perigynous flower with half-inferior ovary. 

The style may be terminal, lateral, basillar or gynobasic. 

Stigma may be sessile, capitate, feathary, bifid or trifid in nature. 

The arrangement of ovules within the ovary is called placentation. 

The placentation may be of various types like marginal, basal, axile, free-central, 
parietal, superficial. y 

The sporophytic structures of ovule include the funicle, hilum, chalaza, integument, 
nucellus, micropyle. 

The embryo sac represents the gametophytic structure, 

The matured embryo consists of gg, synergids, (2n) fusion nucleus and antipodal 
cells, 

On the basis of attachment with the funicle, ovules may orthotropous (straight) ; 
anatopous (inverted), amphitropous (transverse) and campylotropous (curved). 
The symbolic, numerical representation of a flower is called floral formula. 

The diagrammatic representation of the transverse section of flower bud illustrating 
the relative position and arrangement of the floral members is called floral diagram. 
Floral diagram also shows the cohesion and adhesion of stamens and placentation. 


The stamens may be united by the anther and the filaments are free (syngenesious) 
or they may be completely united (synandrous). 

On the basis of attachment to filament, anthers can be basifixed, dorsifixed, adnate 
and versatile, 

ts There are different shapes of anther observed like linear, oval, sagittate, reniform, 
sinuous, filamentous etc. 

"= The anthers may show different line of dehiscence like longitudinal, transverse, 
porous, and valvular, 

The pollen grains may be granular or united to form pollinia, helping in insect 
pollination, 

The gynoecium are the innermost whorl, representing the female. reproductive 
structures. 
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10.11. Summary 


The flower is the reproductive organ of angiospermic plant, it is actually the 
modified shoot, which is evident from the axis nature of the thalamus or leafy nature 
of the floral part. The typical flower consists of four whorls, two accessory whorls 
Le., calyx and corolla and two essential whorls ie., androecium and gynoecium. 
The flowers are arranged on the inflorescence stalk or peduncle or rachis and they 
may be sessile or with a short stalk called pedicel. The flower with all the four 
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whorls are complete flower and when any of the whorl is missing, it is incomplete 
flower, The incomplete flower with any one of the sex organ (male or female) is 
called unisexual flower and accordingly, they are classified as staminate and pistillate 
flowers. The complete flower having uniform whorls is called actinomorphic, or 
that with non-uniform whorls is called zygomorphic, The actinomorphic flowers 
can be cut into two equal halves at any plane, while zygomorphic flowers can only 
be cut into two equal halves at one plane. The flowers may be subtended by an 
outermost leafy structure called bracteole. The outermost accessory whorl is called 
calyx and their individual units are the green, leaf-like sepals. The sepals may be 
united or free in polysepalous and gamosepalous conditions, usually the sepals fall 
off after fertilization, ie., itis caducous in nature: Sepals may also be persistent, if 
it grows along with the fruit, it is accrescent (brinjal) but if it remains the same, it is 
macrescent (tomato). Sometimes the sepals may be reduced to form hairy structure 
called pappus (sunflower), helping in seed dispersal. The individual units of the 
corolla are the petals, which may also be united (gamopetalous) or free 
(polypetalous). They are differentiated into a basal claw and an upper broad portion 
called limb. The petals are coloured and acquire various forms like cruciferous 
papilionaceous, bell-shaped, urn-shaped, funnel-shaped etc. The flowers with 
undifferentiated sepals and petals are said to have tepals. The arrangement of sepals 
and petals on the thalamus is called aestivation and the different types of aestivation 
may be valvate, twisted, imbricate, quincuncial and vexillary. The androecium with 
their individual unit, stamen, represent the male reproductive structure. The stamens 
may vary in their number from one to many and they may also exhibit variation in 
their sizes, The stamens may be united to form bunches (adelphy) which varies 
from monadelphous (chinarose) to polyadelphous (Citrus). The stamens may be 
either united by their anther (syngenesious) or they may be completely fused 
(synandrous). The stamen may be adhered to other whorls like epipetalous, (with 
petals), epiphyllous (with perianth) or gynandrous (with carpel), Each stamen has a 
basal stalk-like filament and an apical, bilobed anther, joined to the filament by 
connective and accordingly stamens can be basifixed, dorsifixed, adnate or versatile 
in nature. The anther-lobes contain the microsporangia and microspores: and their 
dehiscence may be longitudinal, transverse, apical or valvular, Anthers may be of 
various shapes like sagittate, oval, longitudinal, sinuous etc. The pollen grains may 
be granular or united to form sac-like structures called pollinia, as in orchids, helping 
in insect pollination. The gynoecium is the female reproductive structure and 
represents the innermost whorl of a flower. The individual units of the gynoecium 
are called carpels, the carpels may be united (syncarpous) or free (apocarpous). 
Each carpel consists of a basal ovary, stalk-like style and terminal stigma. The style 
may be terminal, lateral, basillary or gynobasic and the stigma may be oval, sessile, 
feathery, bifid or trifid in nature, The ovary consists of ovules and the pattern of 
arrangement of ovules within the ovary is called placentation, which may be marginal, 
basal, axile, free-central or superficial in nature. The ovule consists of both 
sporophytic, as well as gametophytic tissue: The sporophytic tissue include the 
stalk-like funicle, the raphe, the hilum, the protective integuments enclosing the 
mass of tissue called nucellus having two distinct ends, viz., chalaza and micropyle. 
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The gametophytic tissues include the embryo sac containing eight haploid nuclei, 
the three at the chalazal end are called antipodals, the three at the micropylar end 
includes one egg cell and two synergids. The remaining two at the central region 
fuse together to form the diploid fusion or definitive nucleus. The ovules may be of 
different types, depending upon its attachment with the funicle and they are 
orthotropous (erect), anatropous (inverted), amphitropous (transverse) and 
campylotropous (curved), The symbolic representation of a flower using letters and 
numerals is called floral formula. The diagrammatic representation of the flower 
bud as observed in transverse section under the microscope illustrating the number 
and arrangement of floral whorl is called floral diagram. The epigynous, perigynous 
or hypogynous nature of the flower or the ovary position is not indicated in the 
floral diagram, but can be denoted in floral formula. Similarly, the aestivation cannot 
be understood in floral formula but is illustrated in the floral diagram. which also 
denotes adhesion and cohesion of stamen and placentation pattern. 


10,12. Naming / Discovery / Discoverer 
[1] Bessey, C. E. (1915) worked on phylogenetic taxonomy of flowering plants. 
[2] Hutchinson, J. (1934) gave the detailed classification of different families of 
flowering plants, 
[3] Saunders, E. R. (1937) gave the detailed account of floral morphology. 
[4] Puri, V. (1945) gave to detailed account on the origin and orientation of placenta. 
/ Copeland, H. F. (1945) gave the detailed account on the phylogeny of 
angiosperms. 
[6] Erdtman, G. (1945) illustrated the pollen morphology of angiosperms. 
7] Ames, O. (1946) worked on the evolution of monocotyledonous flowers in 
orchids. 
[8] Canright, J. K. (1952) gave the trends of Specialization in the stamen structure. 
19] Chakroborty, H. L. (1958) gave the morphology of stamen in the staminate 
flowers. 
[10] Uneno, J. (1963) gave the fine structure of pollen grains. 
[11] Tucker; S. C. (1972) gave the ontogeny of floral morphology. 
[12] Suttler, R. (1973) worked on the organogenesis of flower. 
[13] Huynkh, K. L. (1976) characterized the pollen grains and its evolution in 
angiosperms. 
[14] Uhl, N. W. and Moore, H. E. (1977) worked on the stamen morphology in 
angiosperms. 
[15] Tilton, V. R. and Morner, H. T. (1980) worked on the stigma and style 
characteristics of monocotyledonous plants: 
161 Gale, R. M. O. and Owens, S. J. (1983) demonstrated the primitive monocot 
plants. 
[17] Knox, R. B. (1984) gave the biochemical characters of pollen grains. 


10.13. Answers to Special Questions 


[1] Name a plant with sessile flowers. 
Ans. Amaranthus. 


[2] 
Ans. 
131 
Ans. 
[4] 
Aus. 
[5] 
Ans, 
[6] 
Ans. 
{7] 
Ans. 
181 
Ans. 
100 
Ans. 
[10] 
Ans, 
(11) 
Ans. 


[12] 
Ans. 


[13] 
Ans. 


[14] 
Ans. 


[15] 
Ans. 


[16] 
Ans. 


[17] 


Ans, 


[18] 
Ans. 
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What is epicalyx ? 

Fhe bracteole at the base of flowers belonging to family Malvaceae. 
What is the most advanced placentation ? 

Superficial placentation found in cucumber. 

Namie the flower where both androphore and gynophore are present. 
Gynandropsis pentaphylla. 

What is the peculiarity of the style in the flowers of Labiatae ? 
Gynobusic style. s 

What is the largest petal lobe in papilionaceous corolla ? 
Standard or Vexillum. 

Name a trimerous, tetramerous and pentamerous flower. 
Polvanthus, Brassica, Hibiscus, 


Name the flowers with macrescent and accrescent calyx. 


Tomato (Lveopersicum escnlenrum) ; Brinjal (S melangonum). 
Name two flowers with sagittate and reniform anther. 
Vinca rosea, Hibiscus rosa sinensis. 
Which structures form fruit and seed after fertilization ? 
Ovary and ovule. 
What is spur ? 
It is the tubular or sac-like projections arising from the base of the corolla due 
to certain modifications. It produces necter al its tip. e.g., Delphinium. 
What is corona ? 
The corona is an appendage remaining between corolla and stamens. e.g.. 
Nerium. 
What is staminode ? 
The sterile, petaloid stamen is called staminode, which may be abortive 
sometimes, e.g., ginger. 
What is labellum ? 
The large coloured staminode which projects out of the corolla, acting as a 
stage for the insects helping in pollination e.g., Canna. 
What is synandrous condition ? 
The stamens are united all along their length including the anther and. filament 
to form a compact structure. eg, Cucurbita, 
What is gynostegium ? 
The stamens unite with carpel to form a compact structure and its upper part is 
a stage-like structure useful for insect pollination e.g., C Me, 
How does free-central placentation evolve ? 
The wall of the locules of ovary in axile placentation gets dissolved, forming a 
single-chambered ovary, but the ovules remain around the central axis. e. g., 
members of Caryophyllacae family. 
What are the two forms of pollinia ? 
The pollinia exist in two different forms, viz. 
[i] In Calotropis. it is in the form of two sac-like structures attached to an 
apical hook-like structure. 
fii] In orchid, it is a club-shaped structure with a sticky disc at the base. 
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[19] 
Ans. 


[20] 
Ans. 


[21] 
Ans. 
[22] 
Ans, 


[23] 
Ans. 


[24] 
Ans. 


[25] 
Ans, 


[26] 


Ans. 


[27] 
Ans. 


[28] 
Ans. 


[29] 
Ans, 
[30] 
Ans. 


[B1] 
Ans, 
[32] 
Ans. 
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What is egg apparatus ? 

The egg cell and the two synergids on its two sides at the micropylar end of the 
embryo sac is called egg apparatus. 

What are the vestigial organs of embryo sac ? 

The two synergids at the micropylar end and the three antipodals at the chalazal 
end are the vestigial organs of embryo sac. 

What is the peculiarity of the ovary of Datura 2 

The ovary of Datura suffers a torsion of 45° from the mother axis. 

What are isostemony and heterostemony ? 

When the number of stamens are same as that of calyx or corolla, they, are 
inostemonous e. g., Datura. But when the number of stamens are greater or less 
than the number of sepals and petals, it is called heterostemony e.g., chinarose. 
What is mixed bud ? Give example of a mixed bud, Name the largest bud. 
A bud which may give rise to both flower as well as yegetative branches at 
different seasons, is called mixed bud. Itis observed in apple, pears. The largest 
floral bud is Rafflesia arnoldi ; the largest vegetative bud is Brassica oleracea 
var. gemifera. 

What are cyclic and acyclic flowers ? Give examples. [J.E.E. 1997] 
The flowers in which the floral leaves are arranged in a ring on the thalamus are 
cyclic, e.g., Datura. But the flowers in which the floral leaves are arranged 
spirally on the thalamus are acyclic flowers. e.g., Anona, 

What are hemicyclic flowers ? h 

The flowers in which the floral leaves are arranged partly spirally and partly in 
a ring are called hemicyclic flowers, also called spirocyclic flowers. e.g., rose. 
Name the flowers having two whorls of calyx, corolla and androecium 


respectively. 

Two whorls of calyx — Brassica campestris. 
Two whorls of corolla - Argemone mexicana. 
Two whorls of androecium — Corchorus capsularis. 


What is a polycyclic flower ? 

A flower having more than four whorls of floral leaves are called polycyclic 
flowers. e.g., rose. 

What is gynandrophore ? 

The portion of elongated thalamus between the petals and androecium and 
gynoecium with gynophore absent is called gynandrophore. e.g., Gynandropsis. 
What is the morphological indentity of the spine of Trapa ? 

Modified calyx. 

What are inserted and exerted stamen ? 

The stamen which is never exposed from the corolla e.g., tuberose, is inserted 
stamen, but the stamen which comes out of the Corolla is exerted stamen. e.g., 
chinarose. 

What is the aestivation type of family papilionaceae ? 

Vexillary. 

What is double follicle ? 

The fruits arising from carpels with united stigma but separate ovaries. ega 
Vinca rosea ; Calotropis procera. 
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© A. Long Answer type Questions: 


ny 
[2] 


131 


(al 
15] 
101 
7) 
181 
19] 


[10] 
11¹⁵ 


1121 


115 
tia 


151 


What is flower ? What are cyclic and acyclic flower ? What is inferior ovary ? Give examples. 
[J.E.E. 1997] (Ans. 10.2, 10.3, 10.13) 

Prove that flower is a modified shoot. Enumerate the various structural steps of a flower. 
IE. E. 1996] (Ans. 10.5) 
What is bisexual flower ? What is complete flower ? Why gourd is called a monoecious 


plant ? What is papilionaceous corolla ? [J.E.E. 1995] (Ans. 10.1, 10.4, 10.6.3) 
Why, bud is called a condensed shoot ? What is mixed bud? Give example. Name the largest 
bud. [J.E.E. 1990] (Ans, 10.13) 
Describe the different parts of a typical flower with labelled sketches along with their, functions, 

(Ans. 10.3) 
Define flower. Describe chinarose flower with labelled sketch and mention the function, of 
each part. „Ans. 10.1, 10.3.1) 


Point out the differences between regular and irregular flower, bisexual and unisexual flower, 


eiting examples of each. (Ans. 10.9) 


What is flower ? How many whorls are possessed by a typical flower ? What are they ? 

(Ans, 10.1, 10.2, 10.3) 
What do you mean by double fertilization? What do you mean by regular and irregular 
flower ? Give one example of each. (Ans. 10.4, 10.6.9) 
Distinguish between complete and incomplete flower. Cite examples of each. | (Ans. 10.9) 
State the different structural forms of corolla. Cite ietis examples of each type: 


(Ans. 10.6.3) 
What is a stamén'? Describe the different types of cohesion and adhesion of stamens, Give 
Suitable diagrams and examples in each case. (Ans. 10.6.6) 
vat is placentation ? Describe the different types of placentation with examples and sketches. 

(Ans. 10.6.8) 
What is an ovule ? Describe the structure of an ovule in a longitudinal section. Give a labelled 
Sketch. (Ans. 10.6.9) 


What is aestivation ? Describe the different types of aestivations with examples and sketches. 


B. Short answer type questions: 


11 


121 
[3] 
[4] 
[5] 
[6] 
171 
[8] 
191 
1101 
ar 
[12] 
[13] 
114] 
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What do you mean by actinomorphic and zygomorphic flowers. Give one example of each. 


(Ans. 10.4) 
Describe the different parts of androecium and gynoecium. (Ans, 10.3) 
Describe the different types of aestivations. (Ans. 10.6.5) 
Describe the structure of an embryo sac. (Ans, 10.6.9) 
Write about the different types of adhesion of stamens. (Ans. 10.6.6) 
Describe the different types of cohesion of stamens. (Ans. 10.6.6) 
Name the plants bearing the male and female flowers on separate plants. (Ans. 10.4) 
What are hypogynous, epigynous and perigynous flowers ? (Ans. 10.6.1) 
Enlist the various modifications of calyx. (Ans. 10.6.2) 
Comment on the persistence of calyx on the flowers. (Ans. 10.6.2) 
Wat are the various irregular forms of corolla? Cite examples. (Ans. 10.6.3) 
Mention the various cases having variation in the number of stamens, (Ans. 10.6.6) 
What is the mode of arrangement of stamens ? (Ans. 10.6.6) 


What are the various types of dehiscence observed in the anthers of angiosperms ? 
(Ans. 10.6.6) 


Deseribe the gametophytic structures of ovule. (Ans. 10.6.9) 


C. Specific answer type questions: 


(i) 


Which one of the following structures forms fruit. (a) ovary, (b) ovule (c)egg nucleus (d) egg- 


apparatus. (Ans. 10.6.9) 
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Name the plants with both male and female flowers. 
What is thalamus ? 

Mention the different parts of chinarose flower. 
What is standard or vexillum ? 

What is hypogyny ? 

Whavis epigyny ? ' 

What is „ stamen ? 

What 


What is 0 ee lin 4 
What is polliniu ? 


What is linbo sac ? 
What is perianth ? 
What is egg-apparatus ? 

What is perigynous flowers ? 

What is neuter flower ? 

What are nude flowers ? 

What are diplostemonous and obdiplostemonous stamen ? 
What is polysepalous calyx ? 


© D. Distinguish between : 


Reg 
Bisexual and Unis 
Complete and Incomplete flower, 

Flowers of Dicot and Monocot plants. 
Anacmophilous and Entomophilous flower. 
Cohesion and Adhesion of stamens. 
Vexillum and Vexillary. 

Apocarpous and Syncarpous pistil. 
Monadelphous and Diadelphous stamen. 
Orthotropous and Anatropous ovules. 
Syngenesious aod Synandrous stamens. 
Calyx and Corolla. 

Hypogynous and and Epigynous flower. 
Actinomorphic and Zygomorphic flower. 
Basifixed and Dorsifixed anther, 

Caducous and Deciduous calyx. 
Macrescent and Accrescent calyx. 

Floral diagram and Floral formula, 


© F. Short Notes: 


Pollinia. 

Staminate flower, 
Pistillate flower. 
Didynamous stamen. 
Diadelphous stamen. 
Syngensious stamen. 
Gynostegium. 
Epipetalous stamen. 
Gynobasic style. 
Synandrous stamen. 
Monadelphous stamen. 
Bisexual flower. 
Hypogynous flower. 


(Ans. 10.4) 
(Ans. 10.3) 
(Ans. 10.7) 


(Ans. 
(Ans. 
(Ans. 
(Ans. 
(Ans. 
(Ans. 
(Ans. 
(Ans. 
(Ans. 
(Ans. 


10.6.3) 
10.6.1) 
10.6.1) 
10.6.6) 
10.6.6) 
10.6.6) 
10.6.6) 
10.6.6) 
10.6.7) 
10.6.9) 


(Ans. 10.4) 


(Ans, 


10.6.6) 


(Aus. 10.4) 
(Ans. 10.4) 


(Ans. 
(Ans. 


10.6.6) 
10.6.2) 


(Ans. 10.9) 
(Ans. 10.9) 
(Ans. 10.9) 
(Ans. 10.7) 
[J-E-E. 1988] (Ans. 10.9) 
(Ans. 10.9) 
(Ans. 10.9) 
(Ans, 10.9) 
(Ans. 10.9) 
(Ans. 10.9) 
(Ans. 10.9) 
(Ans. 10.9) 
(Ans. 10.9) 
(Ans. 10.9) 
(Ans. 10.9) 
(Ans. 10.9) 
(Ans, 10.9) 
(Ans. 10.9) 


(Ans. 


10.6.6) 


(Ans. 10.4) 
(Ans. 10.4) 


(Ans. 


10.6.6) 


(Ans. 10.6.6) 


(Ans. 
(Ans. 
(Ans. 
(Ans. 
(Ans. 
(Ans. 


10.6.6) 
10.6.6) 
10.6.6) 
10.6.7) 
10.6.6) 
10.6.6) 


(Ans. 10.4) 


(Ans. 


10.6.1) 
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[14] Epigynous flower. (Ans. 10.6.1) 
[15] ‘Types of ovules: ~ 14 (Ans. 10.6.9) 
[16] Regular forms of corolla. aad (Ans. 10.6.3) 
17] Parts of embryo, sac. (Ans. 10.6.9) 
{18] | Dehiscenée of anther, 4 í (Ans. 10.6.6) 
[19} Quincuncial aestivation. (Ans. 10.6.5) 
20] Variation of the number of carpels in a flower. (Ans. 10.6.7) 


© F. Multiple choice-type questions: 
[1] A superior ovary is observed in hypogyny / epigyny / perigyny. 
21 Salver-chaped corolla is observed in Clematis / Ixora / Datura / Cucurbita. 
[3] The stamens of mustard is didynamous / tetradynamous / monadelphous / diadelphous. 
[4] The stalk between androecium and gynoecium is undrophore / gynophore/gynandrophore. 
[5] The calyx in brinjal is caducous / macrescent / accrescent. 
[6] Corolla of Salvia is ligulate / coronate / bilabiate / bell-shaped. 
[7] Anther in wheat is basifixed / dorsifixed / adnate / versatile. 
[8] Calyx is reduced to form pappus in the family Asteraceae / Solanaceae / Malvaceae / 
Papilionaceae. 
[9] Pollinia is observed in Vandu / Saraca / Vinca / Prunus: 
10% The flower in pea is regular / irregular / incomplete. 


© = G. Fill in the blanks : 
{1] > Mustard has stamen and placentation. 
2] The style in Leucus is : in nature. f 
[3] The embryo sac is embedded in. f r 
[4] The most common form of ovule is. 
[5] The stigma in lotus is in nature. 
l Datura shows dehiscence of anther, 
[7] stamen is observed in gourd. 
[8] The stamens of tuberose are in nature. 
[9] The sterile long stamen in Canna is called : 
10 The corolla in balsam is in nature. 


„ H. Put Y Mark on Yes/No for correct answer: 


[1] Aconitum has petaloid calyx. Yes / No. 


[2] Caducous calyx is present in poppy: Yes / No. 
[3] The individual units of androecium is called stamen. ee Yes / No. 
[4] Chinarose is gamosepalous and polypetalous in nature. ves / No. 
[5] Magnolia has acyclic flower. Yes / No. 
[6]. Michelia has apocarpous pistil. = . Yes / No, 
H Ped has epid Ytou MoNeta | Ths gier Gm Re pert Yes / No. 

Yes / No. 


[8] Maize has dumbbell shaped stigma. 
[9] Floral diagram cannot explain position of ovary. 
{10] bea has marginal placentation. 


Yes / No, 
Ves / No. 


Answers to Q No. F, G, H 


„ [1] hypogyny. [2] Ixora. [3] tetradynamous. [4] gynophore. 15) accrescent. [6] bilabiate. 
[7] versatile. [8] Astera [9] Vanda, (10) irregular. 
G. [1] tetradynamous, parietal, [2] gynobasic.[3] nucellus. IA] anatropous. 15] sessile. 
[6] longitudinal. [7] synandrous. [8] epiphyllous. [9] labellum. {10] spurred. 
H. [1] No. [2] Yes. [3] Yes. [4] Yes. [5] No. [6] Yes. [7] Yes. [8] No. [9] Yes. [10] Yes. 


Pollination and Fertilization 


Topics Discussed : Introduction, Definition, Types of Pollination, Self and Cross-Pollination, Methods, 
Characteristics, Contrivances for self-pollination, Various agents for cross-pollination and the characteristics 
of different pollinated flowers, Advantages and disadvantages of self and cross-pollination. 


Sexual Reproduction in Angiosperms : Introduction, Definition, Development of male and female 
gametophytes, Process of fertilization, Effect of fertilization, Post-fertilization changes in the flower, Important 
differences. 


11.1. Introduction 


The ovary of the female reproductive structure or gynoecium after fertilization is 
transferred to form fruit, while the ovules borne within it, form seeds. But prior to that, 
the male gametes or the pollen grains are produced in the anther and the female gamate 
or the eggs are borne within the embryo sac of the ovary. These. pollen grains are 
transferred from the anther to the sti gma by the process of pollination. When this occurs 
within the same flower, it is self-pollination, but if it occurs between two different 
flowers, it is cross-pollination. After pollination, the pollen grains are received by the 
stigma, the functional nucleus of the pollen grain produce the two male gametes, which 
descend down the style via the pollen tube and enters the ovule. In the meanwhile, the 
embryo sac develops within the nucellus of the ovule, and the maturation of the egg, 
fusion nucleus, formation of the synergids and the antipodals takes place. The first 
male gamete fertilizes the egg producing the zygote, while the second male gamete 
fertilizes the diploid fusion nucleus to produce the triploid endosperm nucleus and this 
process is called double fertilization, which is unique for flowering plants. 


11.2. Definition 


The transfer of pollen grains from the anther of a flower to the stigma of the same 
or a different flower of the same Species (or related species) is called pollination. 


11.3. Types of Pollination 
There are two types of 


Pollen Grain Cross- wil ays 4 
b 8 o. Pollination pollination depending upon 
sA `~ Stigma the nature, they are self- 
Ber , Cross- Self- ollination and cross- 
Anthere  Pollinati tate p 
erg W Pollination ka Pollination pollination, 
PN: I 


g [1] Self-pollination or 
+Stigma| Autogamy : (Auto = self ; 
a gamos = marriage or 
union). 

[A] Definition : The 
transfer of pollen grain 
from the anther of a flower 
to the stigma of the same 


flower or to the stigma of 
Fig. II. I: Types of Pollination, Cross and self: pollination. another flower of the same 
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plant, is called self-pollination. The first process mentioned above involving the transfer 
of pollen grain from anther to stigma of the same flower is called autogamy, while the 
second process involving the transfer of pollen grain from the anther of one bisexual 
flower to the stigma of another bisexual flower belonging to the same plant is called 
geitonogamy. 

[B] Characteristics of self-pollination : 


[i] They take place only in bisexual flowers. 

[ii] They occur between flowers belonging to same genetical constitution. 
[iii] Usually the anther should be almost at similar height with the stigma. 
[iv] The anther and stigma should mature at the sametime. 

[v] The flower may close on maturity. 


[C] Method of self-pollination : 


The method of transfer of pollen grain from the anther to the stigma may occur in 
three different ways : 

[i] Natural: The stigma is at a lower level from that of the anther and on maturity, 
the anther dehisces and the pollen grains fall on the stigma spontaneously, which is not 
helped by any agent. 

[i] By wind: The pollen grains are carried by wind from one flower to another, 
both belonging to the same plant. They are granular and light weight in nature. In these 
flowers, the stigma is sticky in nature to trap the pollen grains. 

[iii] By insects : The flowers are coloured, scented and provided with nectaries. 
The insects enter the flower in search of nectar and in the process, pollen grains are 
transported to the sticky stigma of another flower of the same plant. 


[D] Contrivances or adaptations for self-pollination : 


[i] Homogamy : The androecium and gynoecium mature at the sametime, so self- 
pollination is probable e.g. Mirabilis, Gardenia. 

[ii] Cleistogamy : The flowers remain closed even in matured condition, to ensure 
self-pollination and the phenomenon is called cleistogamy. It is opposite to the normal 
phenomenon of chasmogamy, which means the flowers open on maturity. The flowers 
exhibiting cleistogamy are called cleistogamous flowers and there may be various degree 
of cleistogamy. 

{a] Normal cleistogamy : The flowers remain close even after pollination e.g. 
Commelina benghalensis. 

[b] Partial cleistogamy : The flowers remain close till pollination is over. e.g. 
Some species of Commelina. 

[c] Chasmocleistogamy : The plant contains both chasmogamous and cleistogamous 
flowers e.g. paddy. 

[2] Cross-pollination or Allogamy : (Allas = different ; gamos = marriage). 

[A] Definition : The transfer of pollen grains form the anther of one flower to the 
stigma of another flower belonging to the same species or closely allied species is 
called cross-pollination. When the pollination takes place between two flowers of the 
same species, it is called xenogamy, while if it occurs between two closely related 
species, it is called hybridism. 


2253—22 
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[B] Characteristics of cross pollination : 
[i] It usually occurs in plants having unisexual flower. 
[ii] It may also occur in flowers showing male sterile lines e.g. maize, Solanum. 
[iii] Flowers showing different maturation times for stamens and carpels may also 
show cross-pollination. e.g. sunflower, Magnolia. 
[iv] It may be in bisexual flowers with differential stamens and carpels, commonly 
known as heteromorphism e.g. Oxalis. 
[v] Some flowers, where a barrier is created between stamen and carpel also shows 
cross-pollination e.g, Iris. 
[vi] The flowers showing different genetic make up, shows cross-pollination. 
[C] Contrivances or adaptations for cross-pollination : 


[i] Dicliny or Unisexuality : In unisexual flowers, self-pollination is impossible, 
so cross-pollination is observed e.g. gourd. 

[ii] Self-sterility : In certain flowers, the pollen grains are sterile in nature due to 
male sterility and hence they cannot fertilize the egg of the same flower, so they depend 
on the pollen grains of another flower coming via cross-pollination. e.g. Solanum ; 
maize. 

[iii], Dichogamy : The androecium and gynoecium of a bisexual flower do not 
mature at the sametime, so self-pollination can never take place and they are of two 
types. 

[a] Protandry : The anther matures earlier than the stigma. e.g. sunflower. 

[b] Protogyny : The stigma matures earlier to anther. e.g. Polyalthia. Protandry 
is more common than protogyny. 

[iv] Herkogamy : In this case, self-pollination is impossible, because some of the 
floral parts act as a physical barrier between anther and stigma and thus cross-pollination 
is favoured. In Iris flower, the anthers are extrorse and they are concealed by overlapping 
or overarching of the petaloid style, which conceals the anther, making self-pollination 
impossible, 

[v] Heteromorphism : The flowers of one single species may vary on the basis of 
the forms of stamens and carpels and accordingly, the flowers may be dimorphic or 
trimorphic in nature. When the 

Ni) 4 anther is variable, it is called 
N í heteroanthy e.g. Oxalis, but when 
\ the style is variable, it is called 

3 | i heterostyly. Dimorphic heterostyly 
yi is observed in Primula, trimorphic 
heterostyly is observed in Linum. 
In these flowers the style may be 
longer than the stamen, or the 
stamen may be very much longer 


Am es 5 ee fh 78 5 : than the style, which prevent self- 
Fig. 11.2 : Heteropmorphism in Oxalis: LA] tyle longer pollination making it self 
than stamen, [B] Stamen longer than style. [C] Style small. 7 

incompatible and hence cross- 


pollination is observed in these flowers. 
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[vi] Homomorphic self incompatibility : It is a rare type of self incompatibility, 
in which stamens and pistil do not vary in size, but even than, the pollen grains are 
rejected by the stigma of the same flower. It is found in Oenothera, Aster: 


11.4. Agents and Methods of Cross-Pollination 
The various types of pollination and the agents are discussed in the table below : 
Pollination 
Anemophily Hydrophily Zoophily 


(Wind-pollinated) (Water-pollinated) 
e.g. Paddy e.g. Vallisneria 


Entomophily Ornithophily Malacophily Cheiropterophily 
(Insect-pollinated)  (Bird-pollinated) (Snail-pollinated) __(Bat-pollinated) 
e.g. Salvia e.g. Bignonia e.g. Lemna e.g. Kadam 


[1] Anemophily : (Anemos = wind ; philin = to love). 
[a] Definition : When pollination is brought upon by wind, it is called anemophily 
and the flowers are called anemophilous, e.g. paddy, wheat, maize, grasses. 
[b] Adaptations of wind-pollinated flowers : 
The flowers show the following characteristics : 
[i] The flowers are small and inconspicuous. 
[ii] The petals are not coloured and they are not scented i.e., devoid of osmophores. 
{iii] They are without nectaries. 
[iv] The flowers are aggregated on a long peduncle above the vegetative parts, 
which makes the process of wind-pollination easy. 
[v] The sepals and petals are small and inconspicuous and sometimes 
undifferentiated to form perianth. 
[vi] The accessory whorls do not cover the sexual reproductive organs. 
[vii] The stamens’ are provided with long filaments with versatile anthers, which 
are easily cut off by air current. 
[viii] The pollen grains are small, granular, light weight, dry and produced in huge 
quantity. 
[ix] The style is also long and that helps in the protrusion of the stigma from the 
flower, 
[x] The stigma is large, feathery and branched, which helps in easy trapping of the 
pollen grains. 
[c] Method of pollination : 
The anther usually dehisce in their longitudinal line of dehiscence and the powdery 
mass of light pollen grains are set free in the air current, which are trapped again by the 
feathery stigma of another flower and thus pollination is initiated. 


[2] Hydrophily (Hydro = Water ; philin = to love). 
[a] Definition : When the pollination in a flower takes place with the help of water, 


it is called hydrophilous and the phenomenon is termed as hydrophily. The water 
pollinated plants are of two types : 


| 
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[i] Hypohydrogamous : The pollination’ taking place in completely submerged 
condition under water e.g. Ceratophyllum: 

[ii] Epihydrogamous +The pollination taking place along the surface of the water 
e.g. Vallisneria, Hydrilla. 

[b] Adaptations for water-pollinated flowers : 
The hydrophilous flowers show the following characteristics : 
[i] The flowers are small, inconspicuous, light in weight, helping in floatation. 
[ii] The flowers are not showy, without coloured petals, without any fragrance. 
Fa female liii] They are devoid of 
Anther Flower Flower nectaries. 

[iv] The floral parts are 
covered with waxy substance or 
cutin, which prevent them from 
getting damaged by water. 

[v] The accessory whorls, 
calyx and corolla are small, so the 
essential floral whorls. or 
androecium and gynoecium are 
always exposed in water current. 

[vi] The dehiscence of anther 
is rapid and so the pollen grains 
are scattered in wider areas in a 
short time. ' 

[vii], The pollen grains are 
small, light in weight, impervious 
to water and hence carried by 
water to long distances. 

[viii] The female flowers 
usually have a short coiled stalk, that reach the water surface by uncoiling. 

[ix] The stigma is provided with bristles, which can easily trap the pollen grains 
floating in water. 

[x] The coiled stalk of female flower may recoil again after pollination. 


[c] Method of pollination : 


li] In hypohydrogamous flowers like Ceratophyllum, the flowers never comes 
above the water surface, the male flowers have superior position, which drop the pollen- 
grains (impervious to water) on to the stigma of the female flower remaining below. 

[ii] The epihydrogamous flowers are always at the water surface, so pollination is 
always brought about on the water surface, where pollen grains are carried by the 
water-current from the male flower, upto the stigma. 

[ii] Some flowers, like that of Vallisneria, the flowers usually remain submerged. 
The small male flowers on maturity get detached from the spadix and float on the water 
surface on a boat-like spathy bract. The coiled stalk of the female flower uncoils and 
the female flowers come to the water surface, their stigmas come in contact with the 
anthers of the male flower and pollination takes place. After pollination, the stalk of 
the female flowers recoil again and the flowers again go down underwater. 


Fig. 11.3: Hydrophily in Vallisneria. 
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[3] Zoophily : (Zoo = animal; philin = to love). 

[a] Definition: When the pollination is brought about by animals, the pollination 
is called zoophily and the flowers are called zoophilous e.g. Calotropis. 

[b] General characteristics of zoophilous flowers : The zoophilous flowers in 
general shows the following characteristics: x 

[i] The flowers are brightly coloured, showy, sweet scented, ie., with osmophores. 

[ii] They may contain the nectaries. 

[iii] The pollen grain are edible and palatable. 

[iv] The exines of the pollen grains are rough and sticky, which easily get adhered 
to the body surface of animals. 

[v] The stigma surface is usually sticky to trap the pollen grains after coming into 
its contact. 

[vi] There may be four major types of zoophilous flowers named after the type of 
pollinators which are as follows : 

[A] Entomophily : (Entomon = insect; philin = to love). 

la] Definition: The pollination brought about by insects is called entomophily and 
the flowers are called entomophilous e.g. Salvia, sunflower, Calotropis. 

[b] Adaptations of insect-pollinated flowers : The insect-pollinated flowers get 
variously adapted, depending upon the nature of the insect-pollinators, but usually 
they make themselves attractive to insects with bright colours, nectar, fragrance etc. 
They may show the following characteristics : 

[i], The flower petals are 
brightly coloured and showy. 

[ii] Sometimes if the petals 
are small, their functions are 
taken up by the petaloid bracts. 
e.g. Bougainvillea. 

[iii] They may resemble the 
insects with respect to their sizes 
and forms of the petals. e.g: 
standard or, vexillum of 
Crotalaria pallida. 

liv] They contain glands containing honey, nectar or other ear fluid at the 
base of the petals. 

[v] The petals may sometimes remain in two-lipped form and the lower lip acts as a 
stage for the insect, e.g. Salvia. 0 

[vi] The anthers are large and swollen, sometimes protruding out of the petals. 

[vii] They may form a stage-like structure by fusing with the insect to settle down 
on the flower. e.g. Calotropis. 

[viii] The pollen grains are sweet, palatable with a rough, sticky exine, sometimes 
fusing to form pollinia as in orchids, which are easily transported by the insect pollinators. 

[ix] The nocturnal flowers are white, but have a very sweet scent, e.g. Cestrum. 

[x] The stigma surface is rough and sticky, so that the pollen grains easily get adhered 
to it. ; 


Fig. 11.4: Entomophily in Salvia. 
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[c] Method of pollination : The pollinator or the insect first visits the male flower 
with matured stamen and the pollen grains get adhered to the body of the insect, either 
directly, or it is carried as a whole in the form of pollinia, after this, when the insect 
settles on the petals of a female or bisexual flower, it is received by the sticky stigma 
and the process of pollination is completed. 


[B] Ornithophily or pollination induced by birds : 


[a] Definition : The pollination affected by birds is called ornithophily and the 
flowers are called ornithophilous. e.g. Bignonia, Sterilitzia. 

[b] Adaptations in bird-pollinated flowers : The bird-pollinated flowers show 
the following characteristics- 

[i] The flowers are very large. 
[ii] They are remarkably conspicuous, showy and colourful. 

[iii] They produce profuse amount of nectar, acting as a source of food for the 
birds. 

[iv] The pollen grains should be large and with a thick exine. 

[c] Methods of pollination : The small birds like the humming birds, while collecting 
the nectar from the flower, carry the pollen grains in their bodies and deposit them on 
to the stigma of another flower and pollination is initiated, 

[C] Malacophily (Pollination induced by snails, slugs etc.) : 

[a] Definition : When the pollination is brought about by snails and slugs, it is 
called malacophily and the flowers are called malacophilous e.g. members of Aroideae 
(arum family). 

[b] Adaptations in malacophilous flowers: 

[i] The flowers are small in size. 
[ii] The flowers are arranged in spadix inflorescence. 

[iii] The spathy-bract is enlarged and tubular, suitable for snails and slugs to live 
in. 

[c] Method of pollination : The pollen grains get adhered to the basal muscular 
foot of slugs and snails and disseminated to the female flower of aroidae. 

[D] Chiropteriphily (pollination induced by bats) : 

[a] Definition : The process of pollination brought about by bats is called 
chiropteriphily and the flowers are called chiropteriphilous. e.g. silk cotton, Bauhinia. 

[b] Adaptation of chiroteriphilous flowers : 

[i] The flowers bloom at night, 
{ii] The flowers are usually large and light in colour. 

[iii] They have osmophores and are scented. 

[iv] They contain nectaries. 

[c] Method of pollination: 

The flowers usually open at night so they are visited by bats. Their conspicuous 
sizes make them easily detectable by the bats and they visit these flowers for food and 
in the process, carry the pollen grains to other flowers and thus bring about pollination. 
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11.5. Advantages and Disadvantages of Self and Cross-Pollination 


[a] Advantages of self-pollination : 
[i] The process is always a certain process, because it does not depend on any 
external pollinator. 
[ii] The pollen grains are effectively utilized and there is minimum loss of pollen 
grains. 
[iii] The homogenity of the race is maintained. 
[iv] It takes little time to be completed. 
[b] Disadvantages of self-pollination : 
[i] The less number of seeds are produced. 
[ii] The seeds are less viable. 
[iii] The progenies are weak. 
[iv] Less genetic variation is noted. 
[v] The adaptability of the species is reduced. 
[c] Advantages of cross-pollination : 
[i], The progenies are healthier in comparison to others. 
[ii], New varieties are produced as a result of variation. 
[iii], The seeds have greater viability and germinating capacities. 
[iv] The progenies are having better adaptability. 
[v] The progenies have greater hybrid vigour. 
[d] Disadvantages of cross-pollination : 
[i] The process is uncertain, as it depends on external pollinators. 
[ii] The purity and homogenity of the species are lost. 
[iii] The pollen grains, are produced in huge quantity and much of them are lost. 
[iv] The process is not independent and depends on another plant. 


11.6. Fertilization in Angiosperms 


The process of reproduction in plants is by vegetative, asexual and sexual means. 
The sexual means of reproduction occurs by the fusion of two gametes. This fusion is 
of three types viz. ; Isogamy (fusion of two similar gametes) ; Anisogamy (fusion of 
two gametes which are structurally similar and functionally different) and Oogamy 
(fusion of two dissimilar gametes). The process of oogamy is commonly observed in 
higher plants including angiosperms and the product is a diploid, unicellular zygote, 
which undergoes repeated division to produce the multicellular embryo. After the 
formation of the embryo, the ovule is modified to form the seed and the entire ovary 
forms the fruit. The embryo remains in dormant condition within the seed and after the 
dispersal of the fruit and seed, the seed comes in contact with the soil, the embryo 
grows and germination of seed takes place. The growth of the radicle and plumule 
produces the seedling, which inturn develops into the higher plant. 

11.6.1. DEFINITION 

The physiological process by which two dissimilar gametes fuse together to form 
the diploid unicellular zygote is known as fertilization or fecundation. 

In angiosperms, the male gametes are small and produced within the pollen grain, 
after they have been transferred from the anther of the male flower to the stigma of the 
female flower. But these gametes are non-flagellated or non-motile in nature and they 
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[c] Method of pollination : The pollinator or the insect first visits the male flower 
with matured stamen and the pollen grains get adhered to the body of the insect, either 
directly, or it is carried as a whole in the form of pollinia, after this, when the insect 
settles on the petals of a female or bisexual. flower, it is received by the sticky stigma 
and the process of pollination is completed. 


[B] Ornithophily or pollination induced by birds: 


[a] Definition : The pollination affected by birds is called ornithophily and the 
flowers are called ornithophilous. e.g. Bignonia, Sterilitzia. 
[b] Adaptations in bird-pollinated flowers : The bird-pollinated flowers show 
the following characteristics : 
li] The flowers are very large. 
lii] They are remarkably conspicuous, showy and colourful. 
[iii] They produce profuse amount of nectar, acting as a source of food for the 
birds. 
[iv] The pollen grains should be large and with a thick exine. 


le] Methods of pollination : The small birds like the humming birds, while collecting 
the nectar from the flower, carry the pollen. grains in their bodies and deposit them on 
to the stigma of another flower and pollination is initiated. 


[C] Malacophily (Pollination induced by snails, slugs etc.) : 


[a] Definition : When the pollination is brought about by snails and slugs, it is 
called malacophily and the flowers are called malacophilous e.g. members of Aroideae 
(arum family). 

[b] Adaptations in malacophilous flowers : 

[i] The flowers are small in size. 
[ii] The flowers are arranged in spadix inflorescence. 

[iii] The spathy-bract is enlarged and tubular, suitable for snails and slugs to live 
in. 

le] Method of pollination: The pollen grains get adhered to the basal muscular 
foot of slugs and snails and disseminated to the female flower of aroidae. 

[D] Chiropteriphily (pollination induced by bats) : 


[a] Definition : The process of pollination brought about by bats is called 
chiropteriphily and the flowers are called chiropteriphilous. e. g. silk cotton, Bauhinia. 
[b] Adaptation of chiroteriphilous flowers : 
[i] The flowers bloom at night. 
[ii] The flowers are usually large and light in colour. 
[iii] They have osmophores and are scented. 
[iv] They contain nectaries. 
[c] Method of pollination : 
The flowers usually open at night so they are visited by bats. Their conspicuous 
sizes make them easily detectable by the bats and they visit these flowers for food and 
in the process, carry the pollen grains to other flowers and thus bring about pollination. 
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11.5. Advantages and Disadvantages of Self and Cross-Pollination 


[a] Advantages of self-pollination : 
[i] The process is always a certain process, because it does not depend on any 
external pollinator. 
[ii] The pollen grains are effectively utilized and there is minimum loss of pollen 
grains. * 
[iii] The homogenity of the race is maintained. 
[iv] It takes little time to be completed. 
[b] Disadvantages of self-pollination : 
[i] The less number of seeds are produced. 
[ii] The seeds are less viable. 
[iii] The progenies are weak. 
[iv] Less genetic variation is noted. 
{v] The adaptability of the species is reduced. 
[c] Advantages of cross-pollination : 
[i]. The progenies are healthier in comparison to others. 
[ii] New varieties are produced as a result of variation. 
[iii]. The seeds have greater viability and germinating capacities. 
[iv] The progenies are having better adaptability. 
[v] The progenies have greater hybrid vigour. 
[d] Disadvantages of cross-pollination : 
[i] The process is uncertain, as it depends on external pollinators. 
[ii] The purity and homogenity of the species are lost. 
[iii] The pollen grains are produced in huge quantity and much of them are lost. 
[iv] The process is not independent and depends on another plant. 


11.6. Fertilization in Angiosperms 


The process of reproduction in plants is by vegetative, asexual and sexual means. 
The sexual means of reproduction occurs by the fusion of two gametes. This fusion is 
of three types viz. ; Isogamy (fusion of two similar gametes) ; Anisogamy (fusion of 
two gametes which are structurally similar and functionally different) and Oogamy 
(fusion of two dissimilar gametes). The process of oogamy is commonly observed in 
higher plants including angiosperms and the product is a diploid, unicellular zygote, 
which undergoes repeated division to produce the multicellular embryo. After the 
formation of the embryo, the ovule is modified to form the seed and the entire ovary 
forms the fruit. The embryo remains in dormant condition within the seed and after the 
dispersal of the fruit and seed, the seed comes in contact with the soil, the embryo 
grows and germination of seed takes place. The growth of the radicle and plumule 
produces the seedling, which inturn develops into the higher plant. 

11.6.1. DEFINITION 

The physiological process by which two dissimilar gametes fuse together to form 
the diploid unicellular zygote is known as fertilization or fecundation. 

In angiosperms, the male gametes are small and produced within the pollen grain, 
after they have been transferred from the anther of the male flower to the stigma of the 
female flower. But these gametes are non-flagellated or non-motile in nature and they 
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enter the ovule via the pollen tube to fertilize the egg nucleus (n) remaining within the 
ovule. There are two male gametes that enter the ovule and so the fertilization is 
double in nature, the first between the male gamete and the egg nucleus, forming the 
zygote (2n), while the second is between the male gamete and 2n definitive nucleus 
forming the 3n endosperm nucleus. 


11.6.2. STAGES OF SEXUAL REPRODUCTION IN ANGIOSPERMS 


There are four major stages observed in the sexual reproduction of angiosperms 
and they are as follows : 

[a] Development of male gametophyte. 

[b] Development of female gametophyte. 

[c] Process of fertilization. 

[d] Post-fertilization development. 


[a] Development of male gametophyte : 


The development of the male gametophyte takes place within the pollen grain of 
the anther, which is also called the microspore and represents the first cell of the 
male gametophyte. The microspore develops from the microspore mother cell (2n) by 
meiosis. The haploid microspores are uninucleate called antheridial initial, The 
antheridial initial divides unequally to produce the large tube nucleus and the small 
generative nucleus. In this two nucleated condition, the pollen grains reach the stigma 
by pollination and it germinates with the help of a sugary, stigmatic fluid. The process 


Generative 
Nucleus 


Pollen Tube 


Fig, 11.5 : Stages of germination of the pollen grain (Development of the male gametophyte). 


of germination is initiated by the tubular extension of the inner wall of the pollen grain 
or intine, which comes out through the germ-pore and forms a tube called pollen tube. 
The development of the pollen tube is brought about by the tube nucleus, remaining at 
the tip of the pollen tube and the generative nucleus remaining just behind the tube 
nucleus divides mitotically to produce the two non-motile male gametes. In some cases, 
the generative nucleus forms the 2 male gametes even before pollination. The pollen 
tube gradually descends along the tissue of the style and into the tip of the ovule and 
this movement is chemotropic in nature, because it is aided by a sugary solution secreted 
from the tip of the ovule. The time taken by the pollen tube to grow upto the ovule may 
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vary between 2-3 days. The entry of the pollen tube is mostly through the micropyle 
called porogamny, it may also be through the chalaza called chalazogamy and lastly it 
may through the integuments called mesogamy. After entering the ovule, the pollen 
tube pierces the nucellar tissue and reaches the embryo sac. The wall of the pollen tube 
fuses with the wall of the embryo sac, the tube nucleus degenerates and the male gametes 
are released within the embryo sac. Thus the male gametophyte is reduced, developing 
prior to fertilization and degenerates after fertilization. 

[b] Development of the female gametophyte : 

The development of the female gametophyte takes place within the ovule. The 
megaspore mother cell (2n) undergoes reduction 
division to produce four haploid megaspores, they 
represent the first cell of the gametophytic 
generation. Usually the lowermost remains 
functional and the remaining three degenerates, It 
enlarges to produce a large, oval structure called the 
embryo-sac. The haploid embryo sac nucleus divides 
thrice producing eight cells, of which four each move 
to the opposite poles of chalazal end and micropylar 
end. One cell from each of the pole comes to the 
centre and fuses to form the diploid fusion nucleus 
or polar nucleus. The three cells at the micropylar 
end forms the egg apparatus consisting of the egg or 
ovum or oosphere and two associated cells called 
synergids. The three cells at the chalazal end are called antipodals, which ultimately 
gets disorganized. Thus the female gametophyte of angiosperms are very much reduced 
and remain within the sporophytic tissue of ovary. 


le] Process of fertilization: 


The pollen tube pierces the nucellus and comes to the embryo sac, the tube nucleus 
is degenerated, the synergids also disorganize within the embryo sac. The first male 
gamete fertilizes the egg to produce the zygote, while the second male gamete fuses 
with diploid fusion nucleus to produce the triploid (3n) primary endosperm nucleus 
or triple fusion nucleus. Meanwhile the antipodal cells also get disorganized, as the 
process of double fertilization is completed. The process of double fertilization was 
first denoted by Navaschin (1898) and later named by Guingard (1899). This process 
is unique for flowering plants and accounts for the post-fertilization development of 
the endosperm. 

[d] Post-fertilization development : 


The post fertilization development takes place in the ovule and it takes place in two 
major stages viz. [1] Development of embryo and [2] Development of endosperm. 

[1] Development of embryo : The diploid zygote or oospore is the first cell of the 
sporophytic generation. It gets covered with a wall and rests for sometimes and then 
divides mitotically to form the embryo. The embryo varies in their structure in 
dicotyledonous and monocotyledonous plants. The dicot embryo has a cylindrical 
primary axis and two cotyledons attached to the lateral side of axis at the middle. The 
upper partis called plumule while the lower part is radicle. The embryo shows 4 distinct 
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Fig.11.6 : Development of 
female gametophyte. 
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stagas of development, viz., pre-globular stage, globular stage, heart shaped and torpedo 


shaped. At each stage, the embryo 


r groen grains becomes more complex, acquires 
È 2 bilateral symmetry from radial 
a 5 symmetry. In the final stage, it shows 

F 7 basal cell, suspensor cells, root 
ü meristem, procambium, shoot meristem 
2 Filament and cotyledons. ( 

i Pollen The monocot embryo also consists 

2 tube of an axis with the upper terminal 

_Aiitipodal’eéits cotyledon, a central lateral plumule and 

j the radicle at the lower end of the axis. 

20 21 Formation of endosperm: The 
5 fl or endosperm develops by. the repeated 
mitotic division of the 3n primary 

Sypcrgid endosperm nucleus. The cells are 

Male gamete enriched in starch and may contain an 

outer layer of lipid or protein. It 


5 provides nourishment to the developing 

Fig. 11.7 Entry of pollen ‘Aube within the ovule embryo during the period of dormancy 

png e and also during the growth of the 

seedling immediately after the germination of seed, when the root have not developed 
completely. t 


11.7. Post-Fertilization Changes of Floral Parts 


Nature of Original status Post-fertilization status 
(Before fertilization) 


floral part 1411 nt 
[A] Accessory [1] Sepal li Usually dries up and drops off (may 
parts be persistent in certain cases). 
[2] Petal [2] Becomes dried and gets withered. 
[B]Essential parts} [3] Stamen , [3] Dries up and gets withered, 


[4] Carpel (ovary) [4] Transformed to fruit. 


(i) Ovary wall, (i) Forms the fruit wall. 
(ii) Ovule (ii) Changes to seed. 
[5] Sporophytie 


structures of ovule : 
(i) Two integuments 


(i) Two seed coats (testa and 

tegmen. 

(ii) Degenerates. 

(iii) Hilum is retained as a scar- 
mark on the seed. 

(iv) Usually gets disorganized, 
but may be retained in some 
seeds in the form of peris- 
perm. 


(ii) Funicle 
(iii) Hilum 


(iv) Nucellus 


POLLINATION AND FERTILIZATION 347 


Original status 
(Before fertilization) 
[6] Gametophytie struc- 
tures of the ovule : 


(i) Egg nucleus (n). 
(ii) Fusion nucleus (2n). 


Nature of 
floral part 


Post-fertilization status 


(i) Develops into an embryo (2n). 
(ii) Endosperm nucleus and 
finally into endosperm (Zn). 
(iii) Get disorganized. 
(iv) Get disorganized. 


(iii) Two synergids (n). 
(iv) Three antipodal 
cells (n). 


11.8. Important Differences 
[A] Embryo and Endosperm: 
Points of 


Endosperm 


Differences 
[1] Origin [1] Formed from fertilization. | [1] Formed from double fertilization. 
[2] Nature [2] It is diploid (2n) in nature. [2] It is zn in angiosperms and n in 


gymnosperms. 
[3] It provides nourishment to the 
developing embryo. 


[B] Cross-pollination/(allogamy) and Self-pollination (autogamy) : 
Points of Cross-pollination Self-pollination 
Differences (allogamy) (autogamy) 

[1] It is an unsure process, 


[1] Nature [1] A sure process, independent 
dependent on agencies. of agencies. 


[3] Function | [3] It forms the seedling. 


[2] Pollen [2] They are produced in large | [2] Pollen grains are produced in 
grains amount and some are wasted. less quantity and so less was- 
tage takes place. 
[3] Species [3] Takes place between flowers | [3] Takes place between flowers 
involved of different genotypes. of same genotype or even 
same flower. 
[4] Viability of} [4] The viability of seeds are [4] The viability is less with com- 
seeds more with better germina- paratively less germinating 
ting capacity. capacity. 
[5] Agents [5] Various agents like wind, [5] No agents are required. 
insects, birds are required. 
[6] New [6] There is a possibility of for- | [6] No possibility of formation of 
species mation of new species. new species. 
[7] Quality of | [7] The progenies are better and | {7] ‘The progenies are compara- 
progeny healthier in nature. tively of poor quality. 
[8] Evolution | [8] They have an important role |(8] They have no role in evolu- 
in evolution. tion. f 
[9] Example | [9] Salvia is an example of cross-| [9] Commelina is an example of 


pollinated flower. self-pollinated flower. 
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[C] Entomopholous, Anemophilous and Zoophilous flowers: 


Points of 
Differences 
[1] Flower 
type 
[2] Flower 
colour 
[3] Nectar 


[4] Pollen 
grains 


[5] Quantity 
of pollen 
grain 


[6] Style 
[7] Stigma 
[8] Corolla 


[9} Pollinia 


[10] Anther 


Entomophilous 
flower 


[1] Insect-pollinated 
flowers. 

[2] The flowers are 
brightly coloured 
and showy. 

[3] Present. 


[4] They are sticky, 
provided with a 
rough surface and 
usually palatable 
in nature. 

[5] Not produced in 

large quantity. 


[6] Style is not very 
long, almost equal 
to petal size. 

7 Stigma surface is 
rough and sticky. 


[8] May form tubular 
or bilabiate struc- 
tures. 


9] Formed in some 
cases. 

10] Basifixed or 
dorsifixed. 


Anemophilous 
flower 


[1] Wind-pollinated 
flowers. 

[2] Flowers are not 
coloured and 
showy. 

[3] Absent. 


[4] Pollen grains are 
small, smooth- 
walled and light 
weight. 


[5] Pollen grains 
produced in bulk 
amount. 


and protrudes out 
of the flower. 

[7] Stigma is large 
and feathery in 
nature. 

[8] Corolla inconspi- 
cuous and small 
in size. 


[9] Not formed. 


10] Dorisfixed or 
versatile. 


[D] Hydrophilous and Anemophilous flowers : 


Points of 
Differences 
[1] Nature 
of flower 
[2} Inftores- 
cence 


[3] Waxy 
cuticle 


Hydrophilous flower 


[1] Flowers are small, light- 
weight and colourless. 


heads usually. 


[3] The floral parts are covered 
by waxy cuticle, which makes 
it impervious to water. 


Zoophilous 


flower 


Animal-pollinated 
flowers. 

Flowers are showy, 
colourful and 
scented. 

Present in some of 
the members. 
Pollen grains are 
tasty, sticky with 
ornamental exine. 


Pollen grains 
produced in com- 
paratively less 
quantity, 

Style is stört and 
does not protrude 
out of the flower. 


[7] Sticky and rough 
stigma present. 

[8] Corolla large and 
coriaceous some- 
times, to protect the 
inner organs. 

[9]. Rarely formed. 

[10] Basifixed or dor- 


sifixed, 


Anemophilous flower 


[1] The flowers are colourless 
and non-showy in nature. 

2] Represented by short cymose | [2] Long pedunculate infloresc- 
ence, flowers arranged above 
the vegetative parts. 

[3] Floral parts are not covered by 
waxy cuticle. 
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Hydrophilous flower 


[4] They may be sometimes well | [4] They are not covered by 
protected by accessory accessory whorls and remain 
whorls. above it. 

5] Do not have long filaments, They have long filaments to 
may be represented by small expose the anther to air 
anthers. current. 

[6] Dehiscence| [6] The anther dehisces at multi- They dehisce in a specific 

ple lines causing better scat- manner like valvular, porici- 

tering of pollen grains. dal etc., having a well contro- 
lled mechanism of dehis- 
cence. 


Points of 

Differences 

[4] Essential 
whorls 


Anemophilous flower 


[5] Stamens [5 


{6 


— 


[7] Pollen [7] Light-weight, produced in [7] Produced in large amount, 
grains bulk amount with an exine, light-weight and exine thin. 
impervious to water. 
[8] Stigma [8]; Short and sticky in nature. [8]. Comparatively longer, fea- 
thery in nature. 
[9] Example [9] Vallisneria. [9]. paddy. 


[E] Fertilization and Double-Fertilization : 


5 oh Double-fertilization 
Differences 
[1] Definition | [1] The process of union between] [1] The union between the first 
two structurally and function- male gamete and the egg and 
aly dissimilar gametes is the second male gamete with 
called fertilization. the 2n fusion nucleus is called 
double fertilization. 
[2] End Forms the zygote (2n). Forms the zygote (2n) and the 
product endosperm nucleus (3n). 
[3] Signi- Marks the beginning of the Marks the beginning of 
ficance diploid or sporophytic genera- sporophytic generation and 
tion. also the formation of 3n nutri- 
tive tissue of endosperm. 
[4] Example Found in vascular plants, Unique for angiosperms. 


other than angiosperms. 


[F] Dicot and Monocot embryo = 


Points of 
Differences 
[1] Nature 
[2] Structure 


Dicot embryo Monocot embryo 


[1] Consists of a single cotyledon 
[2] The single cotyledon is at the 
upper terminal end of the 
embryo axis. 


[1] Consists of 2 cotyledons. 

[2] The two cotyledons are atta- 
ched laterally at the middle 
of the embryo axis. 
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Dicot embryo 


[3] Plumule remains at the upper | [3] Plumule is lateral in position. 
terminal end of the embryo 
axis (tigellum). 

[4] Germinates to produce the 

radicle and plumule, 


Points of 
Differences 


[3] Plumule 


Monocot embryo 


[4 


Germinates to produce the 
coleoptile and coleorhiza. 


[4] Germina- 
tion 


[G] Porogamy and Chalazogamy : 


[1] The entry of the pollen tube 
through the micropylar pore 
is called porogamy. 

[2] Pollen tube] [2] Pollen tube has to grow for 
a longer period. 

[3] Common in anatropous, 
orthotropous and amphiotro- 

pous ovules. 


Points of 
Differences 


[1] Definition 


Chalazogamy 


The entry of pollen tube 
through the chalazal end for 
fertilization. 

[2] Pollen tube may be shorter. 


[3] Common in anatropous, cam- 
pylotropous ovules. ` 


[3] Example 


[H] Dichogamy and Herkogamy : 


Points of, Dichogamy 


Differences 

[1] Definition | [1] Contrivance in which self- 
pollination is not observed 

because androecium and gy- 

noecium matures at 

different times. 


Herkogamy 


[1] The contrivance in which, 
self-pollination is not possible 
because of a physical barrier 
between androecium and 
gynoecium. 


[2] Types [2] Two types, i.e., protandry, in | [2] Cannot be classified in that 
which androecium matures way, because there may be 
first and protogyny, where various structures like petal- 
gynoecium matures first. loid style or gynostegium, 

that prevents self-pollination. 

[3] Example | [3] Protandry-sunflower [3] Iris, Calotropis. 


Protogyny-Polyalthea. 


[I] Perisperm and Endosperm : 


Differences 
[O] Origin [1] Originates from the remnants | [1 
of nucellar tissue in the seed. 


Endosperm 


Originates by the fusion of the 
2n definitive nucleus with the 
second male gamete. 

They are triploid (3n) in 
nature in angiosperms. 


(2 


[2] They are diploid (2n) in 
nature. 


[2] Nature 
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Perisperm 


[3] They remain very close to 
the embryo. 

[4] Found in monocot seeds like 

paddy, maize, 


Points of 
Differences 


[3] Position 


Endosperm 


[3]. They occupy the entire seed. 


[4] Found in monocot seeds 
except arum and also in the 
dicot seed of castor. 


[4] Example 


[J] Parthenocarpy and Fertilization : 


Points of Fertilization 


Differences 
[1] Definition 


Parthenocarpy 


[1] The formation of fruit without | [1] The production of zygote b/ 
the act of sexual fertilization. the fusion of the male and 
female gametes. 


[2] Product [2] It results in the formation of 2] It forms the fruit with seeds. 
seedless fruit. 
[3] Nature [3] Usually artificially induced. |{3] Natural process. 


[4] Example | [4] Banana, grape. [4] Most of the fruits. 


11.9. Matters to Recollect 


The process of transfer of pollen grain from anther to stigma is known as 
pollination. 

t= Pollination may be of two types, self-pollination and cross-pollination. 

6 Self-pollination may be within the same flower ie., autogamy, or between two 
flowers of the same plant i.e. geitonogamy. 

tæ Cross-pollination usually occurs between two different flowers belonging to the 
same species, or that belonging to two closely related species. 

t® The various contrivances of self-pollination are homogamy and cleistogamy. 

1 The male and female reproductive structure of similar size and maturing at the 
same time is homogamy. 

The closing of flower in matured condition is cleistogamy. 

1 The various contrivances for cross pollination are dicliny, self-sterility, dichogamy, 
herkogamy and polymorphism. 

“ The self-sterility is observed, when the male pollen grains are sterile. 

1 Dicliny is the unisexuality of flowers. 

tæ Dichogamy is the different time of maturation of androecium and gynoecium and 
are of two types, viz., protandry and protogyny. 

tæ Herkogamy is a physical morphological barrier between anther and style, that 
prevents self-pollination. 

t& Heteromorphism is unequal size of the stamen and carpel, that prevents self- 
pollination. 

ts Homomorphic self incompatibility also prevents self-pollination. 

1 Cross-pollinated flowers are classified on the basis of the pollinators and they are 
of the following types, viz.. anemophilous, zoophilous, hydrophilous etc: 
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t Anemophilous flowers are air-pollinated flowers which are non-scented, non- 
showy with light, granular pollen grains. 

t& Zoophilous flowers are of four major types, viz., entomophilous, ornithophilous, 
malacophilous and chiropteriphilous. 

ts Entomophilous flowers are insect-pollinated with colourful petals, sticky stigma 
and pollen grains. 

tS Some entomophilous flowers like orchids have aggregated pollen grains in the 
form of pollinia. 

1 Ornithophilous flowers are bird-pollinated, having larger size, colourful petals 
and large pollen grains produced in bulk quantity. 

1 Malacophilous flowers are pollinated by snails and slugs, covered by a spathy 
bract. 

1&®: Chiropteriphilous flowers are pollinated by bats, so they are large. nocturnal, 

scented and usually white in colour. 

1 Some large-sized flowers may be pollinated by large mammals as in Rafflesia. 

0% Hydrophily is pollination by water, observed in aquatic plants like Vallisneria. 

ts The pollen grains of hydrophilous flowers are impervious to water. 
e The advantages of self-pollination is that, it is a surer process and less pollen 
grains are required. 

ta The disadvantages of self-pollination is that, it does not produce genetic variation 
and the hybrid vigour is lost. 

ts The advantage of cross-pollination is that, it produces variation and increases the 
hybrid vigour. 

ts The disadvantage of cross-pollination is that, it is not a surer process and pollen 
grains are produced in huge quantity, because much of them are lost in transit. 

ts The process of fertilization follows pollination in a flowering plant. 

he process of fertilization include the development of the male and female 

gametophytes and the actual phase of fertilization, 

The development of the male gametophyte takes place within the pollen grains in 
two steps, viz., pre-pollination and post-pollination stage. 

ts In the pre-pollination stage, there are two nuclei within the pollen grain, i.e., 
generative and tube nuclei. 

ts After pollination, the tube nucleus forms the pollen tube with the generative cell 
forming two male gametes. In some cases, gametes may be formed before 
pollination. 

ts The embryo sac mother cell within the ovule forms the female gametophyte. 

. The haploid nucleus of the embryo sac develops by 3 successive mitotic divisions 
producing 8 nuclei all together. 

Out of the eight nuclei, three at the chalazal end form the antipodals, three at the 
micropylar end form the egg and synergids and the remaining two fuse to form 
the definitive nucleus (2n) at the centre, 

tS The pollen tube penetrates the ovule and enters the embryo sac. 

t= The first male gamete fertilizes the egg producing the zygote or embryo, while 
the second male gamete fertilizes the 2n definitive nucleus to produce the 3n 
endosperm nucleus. 

t& The fertilization in flowering plant is thus called double-fertilization. 
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ts After fertilization, the ovary forms the fruit and ovule forms the seed. 

tS The ovule contains the embryo, which derive its nourishment from the nutritive 
tissue of endosperm through the basal cell. 

ts The embryo development occurs via preglobular, globular, heart-shaped and 
torpedo-shaped stages. 


11.10. Summary 


The transfer of pollen grain from anther to stigma is known as pollination. It can 
be two types i.e., self-pollination or autogamy and cross-pollination or allogamy. 
The pollination between 2 flowers of the same plant also comes under self- 
pollination, and it is called geitonogamy. The various contrivances for self-pollination 
are homogamy and cleistogamy, while that of cross-pollination are dicliny 
(unisexuality), dichogamy, herkogamy, male-sterility and polymorphism. Dichogamy 
is maturity of androecium and gynoecium at different times and can be of two 
types, i.e., protandry and protogyny. Herkogamy is a physical barrier between stamen 
and carpel, that prevents self-pollination. In male sterile flowers like in Solanum, 
the pollen grains are sterile and this prevents self-pollination. Heteromorphic flowers 
show cross-pollination because they show unequal anther and style. Homomorphic 
self imcompatibility may also be- observed. The cross-pollinated flowers can be 
classified on the basis of the pollinators, i.e., anemophily (wind-pollinated) 
entomophily (insect-pollinated), ornithophily (bird-pollinated), malacophily (snail- 
pollinated), chiropteriphily (bat-pollinated) and hydrophily (water-pollinated). The 
anemophilous flowers are non-showy, with light granular pollen grains, the 
entomophilous and ornithophilous flowers are showy, and colourful, attracting insects 
and birds respectively. The malacophilous flowers grow in aquatic and semi-aquatic 
habitat and are covered with a spathy bract, suitable for the dwelling places of 
snails. The chiropteriphilous flowers are nocturnal, large, non-showy, with scent 
glands. The hydrophilous flowers are present in hydrophytes, where the pollen grains 
are impervious to water. Self-pollination is a surer process with less number of 
pollen grains but it does not produce any genetic variation. The cross-pollination is 
an unsure process with much wastage of pollen grains, but it gives variation within 
the species, imparts genetic vigour. The process of fertilization follows pollination, 
which takes place in the ovule and double fertilization is observed in flowering 
plant. The process of fertilization in flowering plant includes the development of 
male gametophyte, female gametophyte and the actual process of fertilization. The 
development of male gametophyte occurs within the pollen grain. It starts with the 
formation of prothalial cell, tube cell and generative cell within the anther and 
pollination mostly occurs at this stage. After coming to stigma, the pollen tube is 
formed, which carries the tube nucleus and the two male gametes. The development 
of embryo sac (female-gametophyte) takes place within the ovule, the haploid nucleus 
undergoes 3 successive mitotic divisions producing 8 nuclei all together, of which 
3 at the chalazal end form the antipodal cells, 3 at the micropylar end form 1 egg 
and 2 synergids. The remaining 2 nuclei come to the centre and fuse to form the 2n 
fusion nucleus. The pollen tube pierces the ovule normally through the micropyle 
(porogamy), sometimes through the chalaza (chalazogamy) and also through any 
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point of the integument (mesogamy). The first male-gamete fertilizes the egg to 
produce the zygote or the embryo and the second male gamete fertilizes the 2n 
definitive nucleus to produce the 3n endosperm nucleus, which ultimately divides 
repeatedly to produce the nutritive tissue of endosperm. This process is called double- 


fertilization, and it is unique for flowering plants. After fertilization, the entire ovary 
forms the fruit, while the ovule with the zygote within forms the embryo and the 
seed. Embryo acquires bilateral from radial symmetry and generally passes through 
four major stages of development, viz., pre-globular, globular, heart-shaped and 
torpedo-shaped stages. 


11.11. Naming / Discovery / Discoverer 


[1] Navaschin (1898) denoted double-fertilization in flowering plants. 

[2] Guingnard (1899) described the process of double-fertilization in flowering 
plants, 

[3] Erdtman, G. (1945) denoted the role of pollen morphology in angiosperm 
taxonomy. 

[4] Tomlinson, P. B. (1960) demonstrated the emergence of seedling leaves in the 
germinating, seeds of monocotyledonous plants. 

[5] Ueno, J. (1963) demonstrated the fine structure of the wall of pollen-grains of 
angiospermic plants. 

[6] Vishnu-Mittre (1963) demonstrated the pollen morphology in dicotyledonous 
plants. 

[7] Vishnu-Mittre and Gupta, H. P. (1964) studied the morphology of pollen grains 
of Indian dicotyledonous plants. 

[8] Chopra, R. N. (1965) demonstrated the development of endosperm in the 
dicotyledonous plants. 

[9] Bhatnagar, S. P. and Bhojwani, S. S. (1974) demonstrated the development of 
embryo in angiospermic plants. 


11.12. Answers to Special Questions 


[1] Give two examples of protandry and protogyny. 
Ans. Protandry—Helianthus annus ; Leonurus sibiricus. 
Protogyny—Michelia champaca, Anona squamosa. 
[2] Name two plants having cleistogamous flowers. 
Ans. Underground flowers of Commelina benghalensis and Impatiens balsamina. 
[3] What are the male and female gametophytes in angiospermic plants ? 
Ans. The male gametophyte develops within the pollen grain having the prothalial 
nucleus tube nucleus and generative nucleus, The female gametophyte develops 
within the ovule in the form of embryo sac having the egg nucleus, synergids, 
antipodal cells and the diploid definitive nucleus. 
[4] Differentiate between endosperm of gymnosperm and angiosperm. 


{1] Endosperm is formed before [1] It is formed after fertilization. 
fertilization. 


[2] Endosperm is haploid is nature] [2] Endosperm is triploid in nature. 


[5] 
Ans. 


[6] 
Ans. 


[7] 
Ans. 


[8] 
Ans. 


[9] 


POLLINATION AND FERTILIZATION 355 


What is homogamy ? 

The phenomenon by which androecium and gynoecium mature at the sametime 
in a flower is called homogamy. e.g. /xora. 

What is xenogamy ? 

The cross-pollination between 2 plants belonging to the same species is called 
xenogamy e.g. Cucurbita. 

How is pollination by ant brought about ? Give example. 

The flowers remaining in hypanthodium inflorescence show pollination by ant 
because they are always covered within the receptacle, only having an apical 
pore through which ants can pass through freely. e. g. fig, banyan. R 
What is chasmogamy ? 

The normal flowers which open on maturity are called chasmogamous flowers 
and the phenomenon is called ck asmogamy. e.g. majority of flowers like Hibis- 
cus, Solanum etc. K 

What is the implication of heteromorphism ? 


Ans. Heteromorphism indicates unequal stamen and carpel structure, i. e., heteroanthy 


110] 
Ans. 


III 
Ans. 


[12] 
Ans. 


[13] 
Ans. 


[14] 
Ans. 


151 
Ans. 


1161 
Ans. 
[17] 
Ans. 


[18] 
Ans. 


and heterostyly, they aet as contrivances for cross-pollination and prevent self- 
pollination. f 

What aré the modifications of raphe and funicle after fertilization 12 

After fertilization, the raphe is retained as a scar mark on the seed coat, while 
the funicle becomes abortive and is not retained, 

How the fruit coat and seed coat originate ? 

The fruit coat originates from the wall of the ovary, while seed coat originates 
from the two integuments, the outer integument forming the testa, while the 
inner integument forms the tegmen. i 

How does the perisperm originate ? 

The nucellus after fertilization gets disorganised and degenerates to form the 
perisperm. e.g. Seeds of Gramineae. 

What is the positon of the cotyledon in monocot seeds ? 

The cotyledon is present in the upper terminal end of the embryo-axis. 

What is the status of pollen grain at the time of pollination ? 

Pollination in angicsperm takes place in 2 nucleated stage, viz., generative 
nucleus and tube nucleus. 

What is the type of movement exhibited by pollen tube ? o 
Chemotropic movement is exhibited:by the pollen-tube under the influence of 
sucrose like compound produced from the ovule. 

What are the advantages of pollinia ? 

The pollinia are the aggregated mass of pollen grains either in the form of 2 
sac-like structures or in the form of a club-shaped structure. They are easily 
transported by insects from one flower to other e.g. orchids ; Calotropis. 
What are the characters of anther and pollen grains of anemophilous 
flowers ? 

The anthers are versatile and the pollen grains are light-weight, dry, produced 
in bulk amount. 

Name the vestigial organs of the embryo sac. 

The two synergids and the three antipodal cells represent vestigial organs of the 


embryo sac. 
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Why self-pollination is advantageous ? 

The process is a surer one and less pollen grains are required (since wastage. is 
prevented). : 

Why cross-pollination is advantageous ? 

Cross-pollination yields variation within species, imparts hybrid vigour and 
increases adaptability of a species. 


eee EXERCISES ee eee 


@ A. Long Answer type Questions: 


u 


[2] 
[3] 


[4] 


[5] 
le! 
[7] 


[8] 
191 
[10] 


(11) 
[12] 


B. 


i] 
[2] 
[3] 
[4] 
[5] 
[6] 
[7] 
[8] 
[9] 
[10] 
m 
[12] 


e Cc 
1] 
[2] 
[3] 
[4] 
[5] 
[6] 
[7] 
[8] 
[9] 

[10] 


Point out the differences between self-pollination and cross-pollination. Cite examples of 
anemophilous, entomophilous and hydrophilous flowers, (Ans, 11.4, 11.8.) 
Classify pollinations. [J.E.E. 1994] (Ans. 11.4) 
On the basis of the agents, how many types of cross-pollinated flowers can be distinguished 
and what are they ? Citing examples, describe them. (Ans. 11.4) 
What is pollination ? What are the various agents of pollination and state how they help in 
pollination ? {J.E.E. 1987] (Ans. 11.2, 11.4) 
What are the various contrivances for self and eross- pollination 2. (Ans. 11.3) 
Describe the process of fertilization in angiosperms. (Ans. 11.6.2) 
Define pollination. What do you mean by cross and self-pollination ? Mention the advantages 
and disadvantages of self and cross-pollination. (Ans, 11.2,11.5] 
Discuss the method of pollination in various cross-pollinated flowers. (Ans. 11.4) 
What are the adaptive features of different types of zoophilous flowers ? (Ans. 11.4) 
Describe the development of male and female gametophyte in angiospermie plants. 

(Ans. 11.6.2) 
State the post-fertilization changes observed in the different floral parts. (Ans. 11.7) 
What is double-fertilization ? How is it brought about? 


Short answer type questions : 

Name an ant pollinated flower. {J.E.E. 1994] (Ans. 11.12) 
What is meant by parthenocarpy ? [J.E.E..1990] (Ans. 11.8) 
What are self and cross-pollination ? (Ans. 11,3) 
What do you mean by double-fertilization ? (Ans, 11.4) 
Describe the characteristics of zoophilous flower. (Ans. 11.4) 
Describe the characteristics of entomophilous flower. (Ans. 11.4) 
Mention the characteristics of hydrophilous flower. (Ans. 11.4) 
Describe the characteristics features of anemophilous flower. (Ans. 11.4) 
What is syngamy ? Name the different types of syngamy. (Ans, 11.6) 
How mesogamy varies from chalazogamy ? (Ans. 11.6.2) 
Name the organs of embryo sac. (Ans, 11.6.2) 
What are the various constituents of pollen-grains ? (Ans. 11.6.2) 
Specific answer type questions : 

Cite examples of anemophilous, hydrophilous and entomophilous flowers. (Ans. 11.4) 
What do you mean by pollination ? (Ans. 11.2) 
Write two characteristics of hydrophilous flower with examples. (Ans. 11.4) 
What is chalazogamy ? (Ans. 11.6.2) 
What is perisperm ? (Ans. 11.7) 
What is porogamy ? (Ans. 11.6.2) 
What is antheridial initial ? (Ans. 11.6.2) 
What is dicliny ? (Ans. 11.3) 
What is syngamy ? (Ans. 11.6) 


What is embryo sac ? 8 (Ans. 11.6.2) 
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[11] What is mesogamy ? (Ans. 11.6.2) 
[12] Name a specific character for malacophilous flower. (Ans. 11.4) 
[13] Name two flowers having pollinia. (Ans. 11.4) 
[14] What is heterostyly ? (Ans. 11.4) 
[15] What is heteroanthy ? : (Ans. 11.3) 
[16] What is dichogamy ? (Ans. 11.3) 
D. Distinguish between: 
[1] Self and Cross- pollination. We (Ans. 11.8) 
[2] Autogamy and Allogamy. (Ans. 11.8) 
[3] Eniomophily and Hydrophily. (Ans. 11.8) 
[4] Perisperm and Endosperm. (Ans. 11.8) 
[5] Fertilization and Double fertilization. (Ans. 11.8) 
[6] Porogamy and Chalazogamy. (Ans. 11.8) 
[7] Entomophily and Zoophily. (Ans, 11.8) 
[8] Dichogamy and Herkogamy. (Ans. 11:8) 
[9] Parthenocarpy and Fertilization. (Ans, 11.8) 
[10] Anemophily and Entomophily. (Ans. 11.8) 
[11] Anemophily and Hydrophily. (Ans. 11.8) 
[12] Heteroanthy and Heterostyly. (Ans. 11.3) 
@ E. Short notes: 
[1] Syngamy. i (Ans. 11.6) 
[2] Dicliny. (Ans. 11.3) 
[3] Double fertilization, (Ans, 11.6.1) 
[4] Hydrophily. (Ans. 11.4) 
[5] Entomophily. (Ans. 11.4) 
[6] Zoophily. (Ans. 11.4) 
[7] Anemophily. (Ans. 11.4) 
[8] Dichogamy. (Ans, 11.3) 
[9] Herkogamy. (Ans, 11.3) 
[10] Perisperm. (Ans, 11.7) 
[11] Autogamy. (Ans. 11.3) 
[12] Allogamy. (Ans, 11.3) 
[13] Fecundation. (Ans. 11.6) 
[14] Endosperm in gymnosperm. (Ans. 11.12) 
[15] Endosperm in angiosperm. (Ans. 11.6.2) 
[16] Polymorphism. (Ans. 11.3) 


@ F. Multiple choice-type questions: 


1] 
[2] 
[3] 
(4) 
[5] 
[6] 


171 
[8] 
[9] 


[10] 


In flowering plants, the nature of fertilization is single / double / triple. 

The flower of Salvia exhibits anemophily / entomophily / ornithophily / hydrophily. 

The flower of Hydrilla exhibits anemophily /entomophily / ornithophily / hydrophily. 

The flower of Bignonia exhibits anemophily / entomophily / ornithophily / hydrophily. 

The pollination in Anthocephalus is brought upon by ant / bat / insects / bird. 

The pollination between two flowers of the same plant is xenogamy / autogamy / geitonogamy 
/homogamy. , 

The flower of Iris exhibits dichogamy / herkogamy / xenogamy / homogamy. 

The stigma of anemophilous flowers are feathery / sticky / capitate / sessile. 

Pollination by ant is observed in the inflorescence of hypanthodium / cyathium / verticillaster/ 
coenanthium. 

The perisperm is formed from nucellus / raphe / funicle / integument. 


© G. Fill in the blanks : 


(1) 


Pollinia is club shaped in 
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[2]. Pollen grains are. and in anemophilous flowers. 
[3] The stigma of entomophilous flowers are in natures 
4] The movement is exhibited by pollen tube. 
[5] The pollen tube consists of male gametes and the 8 
[6] ‘The two integuments after fertilization forms the and of the seed. 
_ (7) The perisperm is formed from the disorganized 8 

[8] The angiospermic endosperm is in nature and it is formed fertilization. 
[9]. The cotyledon is dicot and seed are and in position, 

1101 and bears hydrophilous flowers. 

@ H. Put Y Mark on ves / No for correct answer: 

[1] Salvia is an anemophilous flower. „a Yes / No. 
[2] Pollinia is observed in orchids. , Yes / No. 
3] Pollination between 3 flowers of the same plant is called xenogamy. s, Yes / No. 
[4] Difference in the length of anther and style is called polymorphism. , Ves / No. 
[5]! Hydrophilous flowers have sticky pollen grains. , Yes / No, 
lo] The pollen tube consists of one tube nucleus followed by two male gametes. __ . Yes / No. 
[7]: The pollen tube entering the ovule through chalaza is mesogamy. , Yes / No. 
{8} The raphe is retained as a scar-mark on the seed. a Ves / No. 
9 Gymnospermous endosperm is formed after fertilization. s Yes / No. 

[10] The ovary wall forms the fruit coat after fertilization. m Yes/No. 


Answers to Q. No. F, G, H 


F. III double. [2] entomophily. [3] hydrophily. [4] ornithophily. [5] bat. [6] geitonogamy. 
[7] herkogamy. [8] feathery. [9] hypanthodium. [10] nucellus. 
G. [Il orchids. [2] granular.[3] sticky. [4] chemotropic. [5] two ; tube nucleus. [6] testa, tegmen, 
[7] nucellus. [8] triploid ; after. [9] lateral, terminal. [10] Hydrilla. 
II No. [2] Yes. [3] No. [4] Yes. [5] No. [6] Yes. [7] No. [8] Yes.. [9] No. [10] Yes. 
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edible fruits. 


12.1. Introduction 


The flo vers of angiospermic p 
whorls, viz., sepals and petals and the male stamen 
of the carpel is retained, the stigma and style usually 
to form fruit and the fertilized ovu 
are dispersed to different areas, the seeds germin 


Introduction, Fruit : 
Characteristics and example, Tabular synopsis. Morphological nature and ci 


e 
Sced : Introduction, Definition, General structure, Tabular synopsis, Types of 
pea seed, castor seed, rice grain, maize 
Dispersal of fruits and seeds, Comparative discussions. 


finally develop into adult plants. 


12.2. Fruits 


Definition: The fruits are defined as modified a 
structures developing usually after fertilization from the 


12.2.1. KINDS OF FRUITS 


The fruits are of two kinds, 


[1] True Fruits : When the ovary of the flow 


e.g. Capsule of poppy: 
[2] False Fruit: 


e.g. apple (thalamus). 


The false fruits are those, 
other parts of flower, other than ovary. It is also cal 


which are as follows: 
ver forms the fruit, it is called true fruit. 


42.2.2. PARTS OF THE FRUIT 


The fruit consists of two 
major parts, the pericarp and 
seed and they are denoted” 
below : 

The pericarp is the fruit 
‘wall, which develops from the 
ovary wall. It can be thick or 
thin in nature. It is usually 
formed of 3 layers, as denoted 
below: 

[A] Pericarp (Peri = 
around ; karpos = fruit). 

[i] Epicarp : The thin and 


Thalamus 


Definition, Kinds of fruits ; Parts of fruits ; Types of fruits : 
dible parts of some common 


seeds, Structure of gram seed, 
grain, coconut seed, Germination of seed, Types of germination, 


lants get disorganised after fertilization, the accessory 
s get dried and withered. The ovary 
get withered. The ovary 1s modified 
les form the seeds. On maturity, the fruits and seeds 
ate to produce the seedling, which 


nd transformed seed bearing 
ovaries of flowers. 


where the fruit develops from some 
led pseudocap or spurious fruit. 


Endocarp 


Epicarp and Mesoearp 
B 


Fig. 12.1 : False fruit of apple: [A] In LS. [B] In T.S. 
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dry outer layer of the fruit, that forms the skin of the fruit. It may also be termed as 
exocarp. 

[ii] Mesocarp : The thick, fleshy middle layer, that forms the pulp of the fruit. It is 
soft and fleshy in mango, fibrous and spongy in palm and thin membranous in orange. 

[iii] Endocarp : The innermost layer of the fruit of the fruit coat, which is usually 
thin and membranous layer, but may become thick att ony as in coconut. 

[B] SEED : 

‘The seed develops from the fertilized ovule, it contains the embryo and-endosperm 
and is located on the placenta. The fruits of some cultivated species like grape. banana, 


Fig.12.2 : Simple Fruit : [A] iO (mango in L. S.). [B] ro drupe (B. tal in L.S.), 
[C] Same as B (In T.S,). 
pineapple do not contain any seed within, as they do not develop as a result of sexual 
fertilization. These fruits are termed as seedless fruit ot parthenocarpic fruit. 


12.2.3. TYPES OF FRUITS 


On the basis of morphological characteristics, the fruits may be classified into 3 
major types, viz., Simple, Aggregate and Multiple fruits. 

[I] Simple fruits : The simple fruit arises from the ovary of a single flower with or 
without accessory parts, On the basis of the structure and consistency of the epicarp, 
the simple fruits are divided into two groups ; viz., dry and fleshy, 

[A] Dry fruits : They are so called because the pericarp is dry, and its texture may 
be membranous, leathery or woody. On the basis of dehiscence, the dry fruits are of 3 
types viz., dehiscent, indehiscent and schizocarpic. 

[a] Dry dehiscent fruit: They are so called because after ripening, these fruits 
burst automatically, splitting the pericarp into different parts and liberate their seeds. 

They are of the following types : 

[1] Legume or Pod: e.g. pea, bean, pulses. 

Characteristics : 

[i] The fruit is dry and many seeded. 

[ii] They develop from simple, superior, monocarpellary, one-chambered ovary. 

[iii] The lines of dehiscence run along both the margins, 

[2] Follicle : e.g. Calotropis. 

Characteristics: 

[i] It is a dry, many seeded, dehiscent fruit like legume. 

[ii] It develops from a superior, monocarpellary ovary. 

[iii] The dehiscence takes place along the ventral suture only. 
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[3] Siliqua : e.g. mustard. 
Characteristics : 


[i] The fruit develops from a superior bicarpellary ovary. 

[ii] The ovary is initially one-chambered, later becoming two-chambered by the 
false septum called replum. 

[iii] The dehiscence takes place along both the margins from base to apex. 

[iv] There are many seeds present, attached to the replum. 

[v] The siliqua may be sometimes reduced in size as in sheperd's purse and is called 
silicula. 

[4] Capsule : e.g. castor, Datura, poppy. 

Characteristics + 

[i] The fruit arises from many-chambered, superior ovary. 

[ii] The ovary is also multicarpellary, syncarpous in nature. 

[iii] The fruit is dry, many seeded, dehiscent fruit, j 

[iv] The dehiscence may be of various types and they are of the following types : 

[a] Poricidal : The pores are formed on the apical part of the capsule or in the 
lower region, through which the seeds are lost. e.g. poppy- 

[b] Citcumsessile : The dehiscence takes place along the central circular line, e.g- 
purslane. 

[c] Loculicidal : The dehiscence takes place along the dorsal suture from each 
locule or chamber separately. ¢.g. lady's finger (Abelmoscus). j 

[d] Septicidal : The dehiscence are brought about by valves, the valves are formed 
by splitting along the septum at an early stage. e.g. Linum (linseed). 

[e] Septifragal : The valves are formed ata later stage, they fall off after dehiscence, 
but the seeds remain attached to the central axis. e.g. Datura. 


Fig. 12.3 : Types of dehiscent fruits : [A] Legume (pea), [B] Follicle (Calorropis) . 
[C] Siliqua (mustard), [D] Capsule (Abelmoscus). 

[b] Indehiscent fruits : These fruits are single seeded. They do not burst or split 
open into valves on ripening as in the previous cases. Hence the seeds are only liberated 
after the decaying of the pericarp. They are of the following types : 

[1] Caryopsis (grain) : e.g- paddy, maize. 

Cc * 


haracteristics : 
[i] The fruit is dry, indehiscent. one-seeded, 
[ii] They develop from a superior, monocarpellary ovary. 


362 A TEXT BOOK OF BIOLOGY 


[iii] They pericarp or the fruit coat is fused with the testa or the seed coat. 
[2] Achene : e.g. Mirabilis. 
Characteristics : 
[i] The fruit is small, dry, indehiscent, one-seeded. 
[ii] The fruit develops from a superior or,sometimes inferior monocarpellary ovary. 
[iii] The pericarp is thin and free from the seed coat. 
[3] Nut or Glans ; e.g; oak, litchi; cashewnut. 
Characteristics : 
[i] The fruit is dry, indehiscent, one-seeded in nature. 
[ii] The fruit develops from a syncarpous, superior, bi or polycarpellary ovary. 
[iii] The pericarp texture may be of various types i.e., hard, soft, woody or leathery. 
- [liv] Sometimes the fruit of nut may be 
separated into smaller units called nutlets e.g. 
Leonurus: 
[4] Cypsela e. g: Sunflower. 
Characteristics : 
[i] Itisa dry, indehiscent, one-seeded:fruit. 
[ii] The pericarp is free from the testa. 
[iii] The fruit develops from an inferior, 
bicarpellary ovary. 
[5] Utricle : e.g: Basella. 
Characteristics : 


Fig. 12.4: Types of indehiscent fruits: [A] [i] The fruit is dry, one or few seeded in 
Achene (Mirabilis), IB] Utricle (Basella), nature. 


[C] & [D] Caryopsis of rice and maize, [E] 2 A ahs 
Nut (oak), [F] Cypsela (sunflower) {ii] The pericarp is thin, membranous and 


loose in nature. 

[iii] The fruit develops from superior, monocarpellary ovary. 

[c] Schizocarpic fruits: (Splitting fruits): 

These fruits are special type of dry fruit which when matured, split up to expose the 
one-seeded indehiscent parts. The number of these indehiscent components are equal 
to the number of carpels. These indehiscent components are also called mericarp. 
They are of the following types : 


[1] Lomentum : e.g. Mimosa, Acacia. 

Characteristics : 

[i] The fruit is dry, appear like a legume. 

[ii] The fruit is many seeded with constrictions in between. 

[iii] The fruit develops from a superior, monocarpellary ovary. 

[iv] The fruit wall is echinulate. 

[v] The fruit on maturity splits up transversely along the regions of constrictions to 
produce one seeded components. 


[2] Cremocarp : e.g: Coriandrum, anise, fennel. 

Characteristics: 

[i] It is a dry, two-seeded fruit. 

[ii] It develops from a syncarpous, inferior, bicarpellary ovary. 

[iii] It splits open from upper to the lower side into one-seeded parts called mericarp. 
[iv] The mericarps may be provided with oil ducts or vittae. 
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[v] The mericarps remain attached to a common axis. formed by the extension of 
the thalamus called carpophore. 

[3] Careerule: e.g. Salvia. 

Characteristics: 

[i] The fruit is small, dry in nature. 

[ii] It arises from a superior, syncarpous ovary. -~ 

[iii] The ovary is initially two chambered, later becoming four-chambered with the 
development of the transverse septum. : 

[iv] The fruit splits up into four, 
one-seeded indehiscent parts. 

[4] Regma : e.g. castor. 

Characteristics : 

[i] The dry fruit developing from - 
a superior, syncarpous ovary. 

[ii] The ovary is many-chambered, 
containing three or many carpels. 

[iii] On maturity, the fruit splits up 
into many indehiscent parts called 
cocci, which corresponds to the 
number of carpels. 

[iv] Each coccus consists of one 
or two seeds, Which is liberated by 
decaying of the pericarp. | 

[5] Samara : e.g. Hiptage. | 

Characteristics Eo j 

[i] The dry fruit develops from Fig. 12.5 £ Types of Schizocarpic fruits: [A] 

3 many-chambered, polycarpellary, . Lomentum (Mimosa), IB] Cremocarp (Anise), [C] 
syncarpous ovary. Samara (Hiptage), [D] Samara (sal), [E] Regma 

[ii] It splits up into several (castor), [F] Carcerule (Salvia). 
indehiscent winged components that corresponds to the number of carpels. 

[iii] Each component encloses a seed. 

[iv] The wing-like projections of the pericarp help in the dispersal of seeds. 

[v] In sal (Shorea), these wings develop from peristent sepals. and such a fruit is 
called samaroid. 

[B] Fleshy fruits : The fruits are indehiscent and remain succulent and juicy on 
maturity. The different types of fleshy fruits are as follows : 


[1] Drupe : e.g. mango, coconut. 


Characteristics : 

[i] The fruit is fleshy, consisting of one (mango) or more-seeded (coconut) fruit. 

[ii] The fruit develops from a superior, one or more-chambered i.e., mono or poly- 
carpellary ovary. i 

[iii] The fruit or the pericarp is differentiated into an outer epicarp, middle mesocarp 
and inner endocarp. ` 

[iv] The mesocarp may vary in their structure, it is juicy and fleshy in mango, but is 
fibrous and dry in coconut and is called fibrous drupe. 
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[2] Berry: e.g. banana, grape, brinjal, tomato. 

Characteristics: 

[i] The fruit is fleshy and indehiscent. 

[ii] The fruit develops from a mono or poly- 


Epicarp 


Seeds 5 á N 
carpellary. superior or inferior syncarpous 
ovary. 
Mesocarp) [iii] The mesocarp and endocarp forms a 


massive fleshy pulp. 

[iv] The seeds are embedded in the fleshy 
| pulp. 

[v] The epicarp is very thin and 
membranous in nature. 


Endocarp| 


Fig. 12.6 : Berry of tomato. 


[3] Pepo : e.g. gourd, cucumber. 

Characteristics : 

[i] The fruit is fleshy, indehiscent, many-seeded. 

[ii] The fruit develops from a tricarpellary, syncarpous, one-chambered, inferior 
ovary. 

[iii] The ovary shows parietal placentation. 

[iv] The epicarp is tough and thick. 

[v] The seeds are firmly attached to the placenta. 

[4] Pome : e.g. apple, pear. 

Characteristics ; 

[i] The fruit is fleshy, indehiscent and false (because the thalamus is highly 
developed). 

[ii] It develops from a bi or multicarpellary, syncarpous, two or more-chambered, 
inferior ovary. g 

[iii] The fleshy thalamus covers the cartilaginous ovary containing the seeds. 

[iv] The outer part of the enlarged thalamus is skiny and the inner part is thick and 
fleshy in nature. s 

[v] The thalamus is the edible part of the fruit. 

[5] Hesperidium : e.g. orange, lemon. 

Characteristics : 

[i] The fruit is fleshy and indehiscent in nature. 

[ii] The fruit develops from a many-chambered, syncarpous, superior, multicarpellary 
ovary. 


Epicarp 


Epicarp& Seeds Mesocarp & 
Mesocarp 


m 


Endocarp 


Fig. 12.7 : [A] Hesperidium of orange, [B] Pepo of cucumber. 
[iii] The ovary shows axile placentation. 
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[iv] The epicarp and mesocarp of the fruit are’ fused together to form the tough, 
leathery skin of the fruit. 

[v] The endocarp is projected inward forming the distinct chambers within the fruit. 

[vi] The hairy outgrowths of the inner wall of the endocarp become swollen and 
fleshy due to the storage of edible juice, which is very often enriched in citric acid. 


[6] Amphisaraca : e.g. wood-apple. 


Characteristics : 

[i] The fruit is fleshy, indehiscent and many-seeded. 

[ii] The epicarp is hard and stony in nature. 

[iii] The fruit develops from a multicarpellary, many-chambered, syncarpous, superior 
ovary. i 

[iv] The inner layer of the pericarp and the placenta is fleshy and pulpy in nature 
and forms the edible portion of the fruit. 

[v] The seeds may have a mucilaginous testa. 


Ovary. Pericarp 


Fig. 12.8 : Some fleshy fruits: [A] Balausta of pomegranate, [B] Amphisaraca of wood-apple. 


[7] Balausta : e.g. pomegranate. 

Characteristics : 

[i] The fruit is many-seeded with a tough, leathery pericarp. 

[ii] There may be a perisistent calyx present on top of the fruit. 

[iii] The fruit develops from an inferior, many-chambered, syncarpous ovary, in 
which the carpels are placed in two rows, one above the other, separated by a thin, 
yellowish, papery, partition walls. 

[iv] The seeds are attached irregulary at the centre. 

[v] The fleshy succulent testa of the seeds are edible. 


[Il] Aggregate fruits: 

The aggregate fruits are so called because they represent a collection of simple 
fruits (fruitlets) developing from an apocarpous pistil. Usually the aggregate fruit remain 
as a bunch or etario of simple fruits. Sometimes they are united together, assuming 
the shape of a simple fruit, enclosed by acommon wall. These fruits are of the following 
types : š 

[1] Etario of Drupes : e.g. strawberry. 

Characteristics : 

[i] The fruit consists of aggregation of several drupes. 

[ii] Each one of them has a fleshy, juicy, edible mesocarp. 
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2] Etario of Berries + e.g- custard apple (Anona). 
Characteristics : 
[i] The fruit arises from an aggregation of berries. 
{ii] There is a common outer wall present, 2 
[iii] Each one is having a fleshy, 
edible mesocarp. l 
[3] Etario of Follicles Leg. 
Calotropis, Magnolia. — 
Characteristics : 


(i) The fruit arises from a typical 
apocarpous pistil. 

[ii] Itis represented by a aggregate 
‘of follicles. P 

[iii] Each one of them dehisces 
longitudinally, 

[4] Etario of Achenes : e.. 
Clematis. , 


» 


[i] The fruit is represented by an 
aggregation of achenes. 
Fig. 12.9 Some aggregate fruits : (AL [ii] Each achene has fused fruit 
Pollicles (Magnolia), [B] Etario of Drupes coat and seed coat, 


(strawberry), [C] Same as B in L- S. [D] Etario of [iii] There is a single seed within 
Berries (custard-apple), [E] Same as D in L.S. each one of them. 
[111] Multiple or Composite fruits : 


These are so called because they developed from the entire inflorescence and include 
all its components, As a result of which, these fruits may have big size and may fuse 
with each other forming some specialized structures, They are of the following types : 

[1] Sorosis : e.g- jackfruit (Artocarpus), pineapple (Ananas). 

Characteristics : / 

[i] The fruitis a compact composite fruit, 

[ii] It develops from a spadix 
inflorescence. 

[iii] The flowers are fused by their fleshy 
sepals after fertilization and emain 
compactly arranged on both side: of the 

uncle. 

[iv] The inflorescence axis also becomes 
fleshy. 

[V] The axis and the fleshy sep Is may 
be edible. Fig. 12.10 Multiple Fruits: [A] Sorosis of 

[2] Syconus : e.g. banyan, fig. jackfruit, IB] Sotosis of pineapple. [C] 

Characteristics : Syconus of fig, [D] same as. [C] (whole fruit). 

[i] The fruits are covered by a receptacle from outside, 

[ii] It develops from a hypanthodium inflorescence. 


FRUITS AND SEEDS 367 


at {iti} It has a hollow:pear-shaped, fleshy structure, with many achenes, arranged on 
the inner surface of the receptacle or the Inflorescence axis. 
[iv] The achenes develop from fertilized female flowers. 


{el There isan apical pore present atthe upper terminal end ot the receptacle. 
12.3. Tabular Representation of Different types of Fruits 


Fruits 
— —— —„-— 
Simple Aggregate Multiple or Composite 
(1) Etario of Drupe (1) Sorosis 
e.g. strawberry. e.g: jackfruit: 
[2] Etario of Berry 2] Syconus 
e.g. Custard apple (Anona). eg. fig” 
[3] Etario of Follicle 
e.g. Magnolia. ~ 
[4] Etario of Achene 
e.g. Clematis. an 
Dry Fleshy er 
(Always indehiscent) 


[1] Drupe. e.g. mango. 

[2] Berry. e.g. tomato. 

[3] Pepo. e.g. gourd. 

[4] Pome. e.g. apple. 

[5] Hesperidium. e.g. orange- 

lol Balausta, e.g. pomegranate. 

[7] Amphisaraca. e.g. wood-apple. 


Dehiscent Indehiscent Schizocarpic 
[1] Legume. e.g. pea. {1] Achene. e.g. Clematis, III Lomentum 
[2) Follicle, eg»Calorropis. (2) Caryopsis. e.g. paddy. egr Acacia. 
[3] Siliqua, ëg. mustard, [3] Cypsela. e.g. sunflower, [2] Regma 

[4] Capsule [4] Nut. e.g. oak. e.&. castor, 


[a] Loculicidal. e.g. lady's finger [3] Samara 
[b] Poricidal. e.g. poppy. e.g- Hiptage. 
A Carcerule 


le] Cireumsessile. e.g. Purslane. 

[d] Septicidal. e. g. Linum. eg- Ocimum. 

[e] Septifragal. e.g. Datura. [5] Cremocarp 
eg. coriander. 


368 A TEXT BOOK OF BIOLOGY 


12.4. Morphological Nature and Edible parts of some Common Fruits 
Names of 
the fruits 


[1] Apple 


Simple, fleshy, indehiscent pome 
(false fruit). 


Juicy receptacle (thalamus). 


1 
Juicy receptacle (thalamus). 


[2] Pear Simple, fleshy indehiscent pome 
(false fruit). 
[3] Mango Simple, fleshy drupe. Juicy mesocarp. 
[4] Gourd Simple, fleshy pepo. * Mesocarp and endocarp. 


[5] Cucumber | Simple, fleshy pepo. Mesocarp and endocarp. 


[6] Coconut Simple, fibrous drupe: Soft, solid and watery 
endosperm. 
[7] Lemon Simple, fibrous hesperidium. Juicy, hairy outgrowth of the 
placenta and ovary wall. 
[8] Orange Simple, fibrous hesperidium. Fleshy hairy outgrowths from 
the inner wall of the ovary. 
[9] Banana Simple, fleshy, berry. Mesocarp and endocarp. 
[10] Tomato Simple, fleshy, berry, Entire pericarp and placenta. 
[11] Guava Simple, fleshy, berry. Pericarp and placenta, 
[12] Brinjal Simple, fleshy, berry. Entire pericarp and placenta. 
[13] Grape Simple, fleshy, berry. Entire pericarp. 
[14] Wood- Simple, fleshy, amphisaraca. Mesocarp, endocarp and 
apple placenta. 
. [15] Pomegra- 
nate Simple, balausta. Succulent testa. 
[16] Pea Simple, dry, dehiscent legume. Seed and cotyledons. 
[17] Bean Simple, dry, dehiscent legume. Seed and cotyledons. 
[18] Mustard Simple, dry, siliqua. Oil extracted from the seeds. 
[19] Lady’s fin- 
ger Simple dry capsule with loculici-.| Entire pericarp (exocarp, 
dal dehiscence, mesocarp and endocarp) and 
* the seeds. 
[20] Poppy Simple dry capsule with poricidal | Seed. 
dehiscence. 
210 Rice Simple dry indehiscent, caryopsis. | Endosperm. 
[22] Wheat Simple dry, indehiscent, varyopsis,] Endosperm. 
[23] Maize Simple dry, indehiscent, caryopsis | Endosperm. : 
[24] Litchi Simple dry, indehiscent nut with Fleshy, Juicy aril. 
a fleshy aril (false fruit). 
[25] Cashewnut | Simple dry, indehiscent nut. Fleshy cotyledons, 
[26] Strawberry] Aggregate fruit: Etario of drupe. | Individual mesocarps of the 
aggregate fruit, 


[27] Custard 
apple 


Aggregate fruit : Etario of berry. Fleshy pulp of the mesocarp 


of individual fruits. 
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Names of 
the fruits 


[28] Fig 


Multiple fruit syconus. The entire fruit including the 


achene and the receptacle, 


[29] Jackfruit Multiple fruit sorosis, Fleshy bracts, perianth and the 
ovary wall, 
[30] Pineapple | Multiple fruit ; sorosis. Fleshy bract, juicy perinth and 


the inflorescence stalk. 


12.5. Seeds 


The seed develops from the ovule after fertilization. It contains the embryo, that 
develops from the 2n zygote, which remains in dormant stage for a considerable time 
period and finally germinate to produce the seedling. The embryo consists of an axis, 
which includes the radicle, plumule and the cotyledons, There are two cotyledons present 
in dicot seeds and a single cotyledon present in monocot seed. The embryo derives its 
nourishment from the endosperm, the dicotyledonous seeds are endospermic or 
albuminous except arum. The seed is protected by a two layered seed coat viz., testa 
and tegmen developing from the two integments of the ovule. The seed bearing plants 
are called spermatophytes, which include the gymnosperms and angiosperms. The 
gymnosperms are naked Seeded plant, while the seeds in angiosperms are covered. 

12.5.1. DEFINITION 

The angiospermic seed is thé’structure developing from fertilized ovule, which remain 
contained within the fruit. 

12.5.2. GENERAL STRUCTURE OF SEED 

A typical seed consists of the seed coat and the kernel within, and different 
components are as follows : 

[a] Seed coat : The seed coat is composed of two distinct layers, viz., the outer 
testa and the inner tegmen. Usually the testa is thick and the tegmen is thinner in 
outline and the testa and tegmen are easily separable from each other, But in the dry 
indehiscent fruit of caryopsis, (wheat, paddy, maize etc.), the testa and tegmen are 
tightly fused to each other (inseparable). In seeds like paddy and castor, a thin, dry 
membrane is located in between the seed coat and kernel, which is called perisperm 
and it is actually the remnant of nucellus. 

[b] Kernel: The entire inner content of the seed surrounded by the seed coat is 
called kernel, It may be formed only of embryo as in pea and gram or may contain both 
embryos and endosperm, e.g. castor, paddy, wheat etc. 

The seed where endosperm is present, is called endospermous or albuminous and 
the seed where endosperm is absent, is called exalbuminous or non-endospermous, 
The various components of kernel are as follows ; 

(1) Embryo : The embryo develops from the diploid zygote, it consists of the 
embryonal axis or tigellum and the cotyledons. 

[i] Tigellum + It is the minute, stem-like portion, The point of attachment of the 
cotyledons to the tigellum is called the nodal zone. ‘The portion of tigellum above this 
zone is called the epicotyl, while the part of the axis below this zone is called hypocotyl. 
The growing tip of the epicotyl is called plumule, while that of the hypocotyl is called 
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radicle. In case of monocot seeds, the plumule and radicle are covered by protective 
sheaths called coleoptile and coleorhiza respectively. 

[ii] Cotyledons : The seed leaves are called cotyledons. There is a single terminal 
cotyledon in monocotyledonous seed, e.g. maize and two lateral cotyledons in 
dicotyledonous seeds, e.g. gram. Sometimes there may be more than two cotyledons 
present in polycotyledonous seeds. e.g. Pinus. 

In exaibuminous seed (gram), the stored food is present within the cotyledons and 
they become thick and fleshy, but in albuminous seed (paddy), the food is stored in the 
endosperm, outside the cotyledon, so the cotyledons become thin. 

[2] Endosperm : In angiosperms, the endosperm is triploid formed due to the fusion 
of the diploid, fusion nucleus and the male gamate, It is the source of food for the 
embryo, it is highly reduced in dicotyledonous seed except castor, while itis voluminous 
in monocotyledonous seed except arum. The quantity of stored food within the 
endosperm or in the cotyledon determines the dormancy period of the seed. 


12.5.3. TABULAR SYNOPSIS OF A TYPICAL SEED 


Seed Coat Kernel 
Testa Tegmen Embryo Endosperm perisperm 
Embryo axis Cotyledons 
(One or two in number) 
Epicotyl Nodal zone Hypocotyl 
sil al 


12.5.4, TYPES OF SEEDS 


On the basis of the presence or and absence of endosperm and the number of 
cotyledons, seeds may be classiffed into four major types : 

[1] Dicotyledonous, exalbuminous seeds : The seed contains two cotyledons 
attached to the embryo axis and they are devoid of endosperm, e.g. pea, gram etc. 

[2] Dicotyledonous, albuminous seeds ; These seeds contain two cotyledons in 
their embryo but copious endosperm present, e.g. castor, gourd etc. 

[3] Monocotyledonous, exalbuminous seeds : These seeds contain one cotyledon 
at the terminal part of the embryo axis, but are devoid of endosperm. e.g. arum, Alisma 
etc, 

[4] Monocotyledonous, exalbuminous seeds : These seeds contain one cotyledon 
in their embryo but voluminous endosperm present. e.g. paddy, maize etc. 


12.6. Structure of Some common seeds 

The structures of some common seeds belonging to the four above types are described 
in the ongoing paragraphs. These seeds include gram. pea, castor belonging to, the 
dicotyledonous variety and paddy, maize, coconut belonging to the monocotyledonous 
variety. 
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12.6.1. STRUCTURE OF GRAM SEED (Dicotyledonous, exalbuminous seed) 

[1] Shape and size : The seeds are broad at one end and pointed at the other end, 
assuming more or less a triangular structure. It has 5-7 m.m. diameter. 

[2] Sructure : The gram seed has the following structures : 

la] Seed coat : There are two seed coats, viz., outer testa und inner tegmen, which 
are not fully fused. The testa is brown in colour, thick and leathery in nature. It is 
projected on one side with a scar mark below the projection called hilum, which actually 
represents the area of attachment of the funicle to the ovule, Just below the hilum lying 
very close to it, is a triangular pore called the micropyle, which represents the point of 
entry of the pollen tube into the ovule during fertilization. During germination of seed, 
water enters the seed through the micropyle and the radicle comes out through it. There 
is a ridge present in between the two cotyledons and it is called the strophiole. The 
tegmen is membranous, remaining within the testa. 

[b] Kernel: The kernel is exposed on removal of the seed coat and it consists of the 
embryo only because endosperm is absent and food is stored in the fleshy cotyledons. 
The embryo consists of embryo axis and the cotyledons, 

[i] The embryo axis is centrally placed with the central cotyledonary node having 
the epicotyl above it and the hypocotyl below it. The lower growing end of the hypocotyl 
produces the radicle, which is the first formed root. The upper end of the epicotyſ is the 
first formed shoot or the plumule, having densely crowded immature leaves. 


Cotyledons 


Strophiole 
Hilum Plumule Seed Coa 
ditis Radiche. 


Fig. 12.11 : Parts of gram seed : 
[A] Entire seed, [B] Emergence of radicle, C] Embryo and cotyledon, [D] Seed coat. 
[ii] The cotyledons are two in number, thick and fleshy in nature having stored 
food within, they are attached to the cotyledonary node, which represents the firstnode 
of the shoot. 


[3] Tabular synopsis : 
Gram seed 
Seed coat Kernel 
Embryo 
Testa Tegmen 
Embryo-axis or tigellum Fleshy cotyledons 


(Two in number) 


Plumule Epicotyl Cotyledonary Hypocotyl Radicle 

node è 
12.6.2. STRUCTURE OF PEA SEED (Dicotyledonous, exalbuminous seed) 
[1] Shape and size: The seed is round in outline and has a diameter of 5-8 m.m. 
[2] Structure : The pea seed shows the following structures: 
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[a] Seed coat: The seed coat consists of an outer whitish or cream coloured, green 

or yellow testa and an inner, delicate, thin tegmen, but they are not separable from 
each other. A narrow, elongated scar like hilum is present towards the middle of the 
testa on one side. The minute, circular pore called micropyle is present just above the 
hilum, through which water enters and radicle emerges during germination. A short 
ridge is present along the hilum, which is called raphe. 
[b] Kernel :The kernel is exposed on 
Seed Coat Micropyle e removal of the seed coat, it consists of the 
eS ont embryo and the cotyledons, the endosperm is 
lacking. 

[i] Embryo : It consists of the embryo axis 
or tigellum with the central cotyledonary node, 
the upper epicotyl and lower hypocotyl, that 
develop into the plumule and radicle. 

[ii] Cotyledon : The two cotyledons are 
laterally attached at the point of the cotyledonary node. Like the gram seed, the 
cotyledons are thick and fleshy, containing stored food. 


Fig. 12.12 : Parts of pea seed : [A] 
Entire seed, [B] Emergence of radicle. 


[3] Tabular synopsis : 
Pea seed 
Seed coat Kernel 
Testa Tegmen Embryo 
(Both are fused with 
each other.) Embryo-axis or tigellum Fleshy cotyledons 


(Two in number) 


Plumule Epicotyl Cotyledonary Hypocotyl Radicle 
node 


12.6.3. STRUCTURE OF CASTOR SEED (Dicotyledonous, albuminous seed) 


[1] Shape and size : The seed is somewhat oval in shape, there is a broad and a 
narrow end. The size varies between 8-12 m.m. 

[2] Structure : The structure is of the castor seed is as follows : 

[a] Seed coat : The seed coat consists of outer testa only and the inner tegmen is 
completely absent. The testa is hard and brittle in nature. It is a blackish or brownish 
crust with irregular white streaks, having a bright shiny appearance. There is a fleshy 
outgrowth at the micropyle. A distinct longitudinal raphe is present at the central part 
of the testa. 

[b] Perisperm : It is the thin membranous covering of the kernal, just below the 
testa. It is formed from the remnant of the nucellus tissue of the ovule. 

[c] Kernel : The white fleshy mass enclosed within the thin, papery perisperm is 
the kernel, it includes the embryo, cotyledon and endosperm. 

[i] Embryo: It is represented by a short axis with less differentiated hypocotyl and 
epicotyl, the plumule develops from the epicotyl, while radicle develops from the 
hypocotyl, but the plumule is hidden within the cotyledon. 
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[ii] Cotyledon : There are two, thin, leafy cotyledons attached to the upper part of 
the embryo axis. 


Perisperm 


Endosperm 


Coty ledons 


Fig. 12.13: Parts of castor seed: 
[A] Entire seed, [B] Perisperm, [C-D] Embryo and endosperm, [E-F] Embryo, 
[iii] Endosperm : The copious, white endosperm, the kernel and the embryo remain 
embedded in it. 


[3] Tabular synopsis : 


Castor Seed 
Seed coat Perisperm Kernel 
Testa Caruncle Embryo Endosperm 
Axis or tigellum cotyledons 


(Two in number, thin 
and leafy in nature) 


Plumule Epicotyl Cotyledonary Hypocotyl Radicle 


axis 


12.6.4. STRUCTURE OF PADDY SEED (RICE GRAIN) (Moncotyledonous, 
albuminous seed) 


[1] Shape and Size: The rice grain is an elongated spindle-shaped structure, pointed 
at both ends. The size may be upto 14 m.m. 

[2] Sructure : The rice grain or caryopsis shows the following structures : 

[a] Seed coat: Rice grain is a one-seeded fruit, where the fruit coat and seed coat 
are fused with each other and they are non-separable. The grain is covered by 2 empty 
glumes (husks), which is brown in colour, on being separated, the gains become small 
and its white colour is exposed. The hilum and the micropyle are not observed because 
of the presence of the glumes. 
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[b] Kernel : The kernel consists of the embryo and endosperm. 
[i] Embryo : The embryo is very small, remaining at one end of the endosperm. It 
consists of a terminal, shield- 
Epithelial Layer | shaped, thin cotyledon called 
| scutellum and a short axis 
differentiated into upper epicotyl 
and lower hypocotyl. The epicotyl 
develop into plumule, covered by 
ce . a minuite leaf sheath coleorhiza. 
lume} “Glumo-t g The latter develops into the 
b ot pela eet my fi radicle having the root-cap at the 
18.12, H S Ol rice grain): e $ 
Seeded frit wih diesen eee, nne root 
and erably elde sheath or coleorhiza. A small, 
more or less conical projected 


structure is present at the other end of the embryo axis, opposite to scutellum and they 
are called epiblast. 

[ii] Endosperm : The endosperm is separated from the embryo with a thin layered 
membrane called the epithelium. It is enriched in starch and psig the pii part of 
the grains, it is whitish in colour. , 


Pericarp Seed Coat 


[3] Tabular synopsis : 
Paddy/Wheat seed 


Seed coat Kernel 
(fused with fruit coat) 
Embryo Epithelium Endosperm 
(copious) 


Epiblast Axis or Tigellum Single cotyledon (Scutellum) 
(thin in outline) 


Plumule Epicotyl Hypocotyl Radicle 


Coleoptile Coleorhiza 


12.6.5. STRUCTURE OF MAIZE SEED (Monocotyledonous, albuminous seed) 


li Shape and Size: The maize seed is roughly oblong in shape, it is dorsiventrally 
flattened. It has a length of 12-14 m.m. and breadth of 5-7 m.m. 

[2] Structure : The maize seed has the following structures. 

[a] Seed coat : The maize seed represents a single-seeded fruit, where the fruit coat 
is fused with the seed coat and they are inseparable. It is differentiated into outer brown 
testa and inner membranous tegmen. The hilum and micropyle are covered by a 
membranous sheath. The basal part of the grain has a raised stalk-like structure, which 
represents the persistent pedicel of the fruit. 

[b] Kernel : The kernel consists of embryo with one cotyledon and the copious 
endosperm. 
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[i] Embryo: The embryo is situated on the concave face of the kernel within a 
whitish, opaque, deltoid area. The embryo consists of a short axis differentiated into 
upper plumule, covered by coleoptile and basal radicle, covered by coleorhiza, The 
upper terminal end contains a single, leafy shield-shaped cotyledon called scutellum. 
The opposite end of the axis consists of the epiblast. 


Scutellum 
{Thin Cotyledon) 


— 


$ 


Fig. 12.15 ; Part of maize seed : [A] Entire one-seeded fruit, [B] Seed in L.S. showing 
endosperm and embryo, [C] Enlarged embryo, [D] Female inflorescence. 

[ii] Endosperm: It is starchy in nature and occupies the major part of the kernel, 
separated from the embryo by a thin layer of epithelium. The outer most layer of the 
endosperm is called the aleurone layer and it is in continuity With the seed coat. The 
remaining part of the endosperm is differentiated into an outer horny endosperm and 
an inner starchy endosperm. 


[3] Tabular synopsis : 
__ Maize seed 

Seed coat Kernel 
(Fused with fruit coat) 
Testa Tegmen Embryo Endosperm 
Epiblast Axis or Tigellum Single cotyledon Outer aleurone Endosperm 

(Scutellum) layer proper 

Plumule Epicotyl Hypocotyl Radicle Outer horny Inner 

J h i layer starchy layer 
Coleoptile vi Coſeorhiza 

12.6.6. STRUCTURE OF COCONUT SEED (Monocotyledonous, albuminous 


seed) 

[1] Shape and size: The coconut fruit is an 6ne-seeded fibrous drupe, it is round in 
outline. It is very large and may have a diameter of 20-25 c.m. 

[2] Structure : The coconut seed shows the following structures ; 

[a] Seed coat : The seed is covered by a hard, dark brown shell, which is not 
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actually a part of the seed coat, but it represents the innermost part of the fruit wall or 
the endocarp, There are three circular scars present on one end of the shell called the 
I x eyes. The actual seed coat lies below 
Seetl Conte e the shell, it is dark brown in colour, 

a Endocarp >< differentiated into an outer hard 
Ke testa and inner, less hard tegmen. 


5 8 i The testa fuses with the endocarp, 

4 spe while the tegmen fuses with the 
i Scar N, endosperm. 

* Endosperm “ay [b] Kernel 3 The kernel is 

A (Watery) B differentiated into a massive 

endosperm and a reduced embryo, 

Fig.12.16 : Coconut seed: [A] Surface view (with [i] Embryo : The embryo has an 


epicarp and mesgearp removed), [B] L.S. of the same, extremely reduced axis, not properly 


differentiated and a large fleshy cotyledon, which serves as a sucker in drawing 
nourishment from the endosperm. The embryo remains embedded in the solid endosperm 
just below the scar mark on the shell. 

lii] Endosperm : The endosperm is copious, the outer endosperm is solid, cake- 
like structure containing cellulose, situated just beneath the tegmen, while the rest of 
the endosperm is liquid or watery in nature and is called the milk of coconut. It fills 
up the cavity of the seed, enclosed by solid endosperm. It is an emulsion of fat, sugar, 
hormone, It is drinkable in matured state. 


[3] Tabular synopsis: 


Coconut seed 
Seed coat (fused with fruit coat) Kernel 
Testa Tegmen Embryo Endosperm 
Very short axis Cotyledon 
(acts as sucker) 
Radicle Plumule Outer solid Inner liquid 


part part 
12.7. Germination of Seeds 


The embryo lies dormant within the seed for a considerable period and germinates 
to give rise to seedling, which grows further and develop to produce an adult plant. The 
process of awakening of the embryo at the end of the dormancy period is called 
germination. 

12.7.1. CONDITIONS REQUIRED FOR THE GERMINATION OF SEED 


There are both external and internal factors (conditions) necessary for the 
germination of seeds. They are as follows: 
[A] External factors: 


[1] Air (oxygen) supply : Constant oxygen supply is necessary for increasing the 
respiratory rate of germinating seeds. 


FRUITS AND SEEDS 377 


i [2] Water or moisture: Water is essential for bringing about the changes in the 
vital activities of a germinating seed, which include hydrolysis of the stored organic 
substances in the cotyledons, 

[3] Temperature : The optimum temperature is required to carry out certain vital 
activities in the protoplasm of the germinating seeds. 

[4] Light : The process of germination can even occur in the darkness, so light has 
no direct effect on the germination of seed, but it is necessary for the growth and 
development of the seedling. 

[B] Internal factors: 

[1] Dormancy period: Each individual seed has a definite period of dormancy and 
germination takes place only after the dormancy period is over. 

[2] Hormones : The gibberellin hormone is responsible for the conversion of 
insoluble stored food into soluble forms. Auxin is responsible for the growth and 
development of the seedling. 

[3] Food : The stored food is converted to simple soluble forms at the onset of 
germination by specific enzymes. 


12.7.2. EVENTS OF SEED GERMINATION 

The various events that take place in a germinating seed are as follows : 

[i] The hydrophilic colloid present in the seed coat absorbs water. 

[ii] The seed swells up due to imbibition of water by the inner tissue. 

[iii] The seed coat ruptures under the pressure of the swelling seed. 

[iv] The cell wall and protoplasm of the inner cells are hydrated. 

[v] The hormone gibberellin is activated. 

[vi] De-novo synthesis of the enzyme q amylase takes place, which converts storage 
starch into soluble sugar. 

[vii] Increase in osmotic potential causes greater absorption of water. 

[viii] The soluble suger is assimilated by the growing embryo, 

[ix] The emergence of radicle takes place and thus the seed germinates, 

12.7.3. TYPES OF SEED GERMINATION 

There are 3 types of seed germination, viz., hypogeal, epigeal and viviparous, and 
they are described below : 

[1] Hypogeal or Hypogeous germination : 


[a] Definition: The type of germination in which, the cotyledon or cotyledons 
remain inside the seed coat and do not come above the level of soil, is called hypogeal 


germination. 


[b] Characteristics : 
[i] The seed germinates in situ, ie., the original position of the cotyledons is not 


distorted in the soil. 
[ii] The radicle is the first structure to emerge by piercing the seed coat near the 


micropyle. 
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liii] The radicle grows for sometime and then bends into the soil, 


TO e | 
G, 


GIN ie 


| i 
y è | 
Plumule } yi | 
Seed C . Stem 
Sred Goat Epicotyl Cotyledons | 
Soil Surface TES n ers ZA 5 
IHA S| 
By pocotyf Tap Root —/ | 
f 


8 
AN 


Fig.12.17 : Stages of hypogeal germination in pea seed, 


liv] The plumule comes out next by the elongation of the epicotyl and grows upward 
above the level of the soil. 

[c] Examples: 

[i] Monocotyledonous exalbuminous seeds like arum. 

ii] Dicotyledonous exalbuminous seeds like gram, pea, mango. 

[iii] Monocotyledonous, albuminous seeds like water-lily. 

liv] Monocotyledonous, albuminous seeds like wheat, rice and maize. 

[2] Epigeal or Epigeous germination; 

[a] Definition : The type of germi 
come out of the seed coat 
above the level of soil is 


ages of epigeal germination in castor seed. 
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[v] The cotyledons are held above the ground and they develop to produce the 2 
cotyledonary leaves. 

[vi] The development of the shoot takes place after that. 

[c] Examples : 

[i] Monocotyledonus albuminous seed like onion. 

[ii] Dicotyledonous albuminous seed like castor. 

[iii] Monocotyledonous exalbuminous seed like Alisma. 

[iv] Dicotyledonous exalbuminous seeds like bean, tamarind, gourd. 

[3] Vivipary or Viviparous germination : 

[a] Definition: The germination in which the seed instead of being liberated from 
the fruit, germinates inside it, while the fruit is attached to the parent plant. 

[b] Characteristics : 

[i] They are usually observed in mangrove plants growing in saline soil 
(physiologically dry soil). 


Fig, 12.19 : Viviparous germination : [A] Germinating fruit attached to the parent plant, [B] 
Hypocotyl getting implanted onto the soil below the water level. 

[ii] This is an important halophytic adaptation. 

[iii] The embryo develops rapidly without any resting period. 

[iv] The embryo grows out of the seed and fruit while the fruit is hanging from the 


parent plant. 
[v] The hypocotyl of the embryo grows and protrudes to a considerable length from 


the fruit. 

[vi] When the fruits get detached from the parent plant, the hypocotyl gets implanted 
vertically in the soft soil and the secondary roots develop from it. 

[c] Example: Mangrove plants like Rhizophora, Ceriops. 


12.8. Dispersal of Fruit and Seed 
The dispersal of fruits and seeds take place by wind, water and animals. Sometimes 
there may be some specialized mechanism of spore dispersal. 


12.8.1. DISPERSAL BY WIND 
The dispersal of seeds take place in the following way : 


378 A TEXT BOOK OF BIOLOGY 


[iii] The radicle grows for sometime and then bends into the soil. 


Plumule 
\ 


Seed Coat Epicoty! 


Fig.12.17 : Stages of hypogeal germination in pea seed, 


[iv] The plumule comes out next by the elongation of the epicotyl and grows upward 


above the level of the soil. 
[c] Examples : 
[i] Monocotyledonous exalbuminous seeds. like arum. 
[ii] Dicotyledonous exalbuminous seeds like gram, pea, mango. 
[iii] Monocotyledonous, albuminous seeds like water-lily. 


[iv] Monocotyledonous, albuminous seeds like wheat, rice and maize. 


[2] Epigeal or Epigeous germination : 


[a] Definition : The type of germination, in which the cotyledon or cotyledons 


come out of the seed coat 
above the level of soil is 
called epigeal germination. 

[b] Characteristics : 

[i] The radicle is the first 
structure to emerge, which 
heads into the soil in the 
form of hypocotyl. 

[ii] The growth and 
germination of the plumule 
is delayed. 

[iii] The hypocotyl forms 
a loop and then straighten 
itself to raise the seed above 
the soil surface. 

[iv] The seed splits to 
produce the two cotyledons. 


Fig. 12.18 : Stages of epigeal germination in castor seed. 
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[v] The cotyledons are held above the ground and they develop to produce the 2 
cotyledonary leaves. 

[vi] The development of the shoot takes place after that. 

[c] Examples : 

[i] Monocotyledonus albuminous seed like onion. 

[ii] Dicotyledonous albuminous seed like castor. 

[iii] Monocotyledonous exalbuminous seed like Alisma. 

[iv] Dicotyledonous exalbuminous seeds like bean, tamarind, gourd. 

[3] Vivipary or Viviparous germination : 

[a] Definition: The germination in which the seed instead of being liberated from 
the fruit, germinates inside it, while the fruit is attached to the parent plant. 

[b] Characteristics : 

[i] They are usually observed in mangrove plants growing in saline soil 
(physiologically dry soil). 


Fig, 12.19 : Viviparous germination : [A] Germinating fruit attached to the parent plant, [B] 
Hypocotyl getting implanted onto the soil below the water level, 

[ii] This is an important halophytic adaptation. 

[iii] The embryo develops rapidly without any resting period, 

[iv] The embryo grows out of the seed and fruit while the fruit is hanging from the 


parent plant. 
[v] The hypocotyl of the embryo grows and protrudes to a considerable length from 


the fruit. 

[vi] When the fruits get detached from the parent plant, the hypocotyl gets implanted 
vertically in the soft soil and the secondary roots develop from it. 

[c] Example : Mangrove plants like Rhizophora, Ceriops. 


12.8. Dispersal of Fruit and Seed 
The dispersal of fruits and seeds take place by wind, water and animals. Sometimes 
there may be some specialized mechanism of spore dispersal. 


12.8.1. DISPERSAL BY WIND 
The dispersal of seeds take place in the following way : 
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fruit, A,, seed, B. Oroxylum, C. Moringa, 
D. Cinchona, E. Lagerstroemia. 
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[1] Minute seeds : The seeds of orchids 
and grasses are minute in size and weighs 
around 0.004 g, hence they can easily be 


| dispersed by wind. 


[2] Winged seeds and fruits : 
The seeds are provided with wing like 
projections, which are easily carried by wind. 


i e.g. Jacaranda, Moringa, Oroxylum etc. 


Similarly the fruits of Acer; Hiptage, 
Terminalia, Shorea also have wing like 
projections, that are easily dispersed by wind. 


Fig. 12.21 : Winged fruits: A. Acer, B. Holoptelea, C. Hiptage, D. Terminalia, 
E. Fraxinus, F. Dioscorea, G. Shorea, H. Hopea, I. Dipterocarpus. 


[3] Parachute mechanism : The single 
seeded fruits of members of family Asteraceae 
contain hair like persistant sepals called pappus. 
They carry the seed to great distance in the form 
of a parachute, e.g. Taraxacum. 


[4] Censer mechanism: In the plants like 
Antirrhinum, Aristolochia, Argemone mexicana, 
the fruits are represented by capsule. This capsule 
ruptures on maturity, but the seeds do not come 
out. When the fruit is shaken vigorously with 
the help of wind, the seeds come out in small 
aggregates and this mechanism is called censer 
mechanism. 


[5] Rolling mechanism : In certain weed 
plants like Amaranthus and Chenopodium, the 
entire plant gets dried up and due to the force of 
the wind rolls over the ground in the form of 
tumble weeds and thus the fruits and seeds are 
dispersed. 


Fig.12.22 : Parachute mechanism in 
Taraxacum: A. Plant with mature flower 
heads, B. Fruit with seed and pappus. 
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Fig. 12.23 : Censer mechanism: 
A. Antirrhinum, B. Aristolochia, C. Papaver. 


[6] Hairs : The hairs are specialized epidermal trichomes arising from the seed 


Fig. 12.24 : Hairy seeds: A. Asclepias, B. 
Alstonia, C. Gossypium. 


hairs on one end of the seed, while in 
Alstonia, it remains at both ends of the 
seed. 

[7] Persistent Style: In plants like 
Clematis and Naravelia, the style remains 
persistent, it is hairy and helps in fruit 
dispersal. 

[8] Balloon like appendages : In 
certain plants, the floral parts surrounding 
the ovary become swollen. In 
Cardiospermum, the capsular fruit 
becomes swollen, in Physalis, the 
persistent calyx become balloon like. In 


coat, which carry the seed through longer 
distances, 
In cotton, 
the hairs 
surround 
the entire 
ee 
surface, in 
Asclepias, 
it remains 
as a tuft of 


Hairy styles 


2 
Fig. 12.26: Ballon like appendages : A+B Cardios- 
permum, C. Physalis peruviana, D. Tilia americana. 
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Tilia americana, the fruit is attached to a thin leafy bract, which keeps the fruit floating 
in air. 

12.8.2. DISPERSAL BY WATER 

This dispersal method is observed in aquatic plants and they 
may be of the following types : 

[1] Floating fruit : The fibrous mesocarp of coconut and 
double coconut act as a layer impervious to water, which helps 
the fruit to float in water. 

[2] Spongy thalamus : The seeds of Nelumbo are embedded 
in the spongy thalamus, which floats in water and helps in the 
dispersal of seed over long distance. 

[3] Air-filled aril : The plants like water-lily contains seeds 
with air-filled aril. These seeds are small and light and can float 
in water or even can be dispersed by rain water. 


12.8.3. DISPERSAL BY ANIMALS 


The dispersal of fruits and seeds by animals are brought about by specialized devices 
like hooked fruits and seeds, sticky fruits and edible fruits. 

[1] Hooked fruit and seed : Some friuts and seeds have hook-like projections, 
bristles, hairs, spines, which helps them to get attached to the animal skin, hoofs or 
body parts and after being dispersed, they are dropped off. They include Bidens, 
Xanthium, Martynia, Aristida, Achyranthus etc. 


Fig. 12.27 : Spongy 
thalamus of Nelumbo. 


Fig.12.28 : Hooked fruits and sticky fruits and seeds : A-G. Hooked fruits 
and seeds. A. Bidens, B. Xanthium, C. Martynia, D. Aristida, E. Achyranthus, 
F. Pupalia, G. Tribulus, H. Sticky fruits of Boerhaavia. 


[2] Sticky fruits and seeds : The plants like Cleome, Boerhavea, Viscum produce 
sticky fruits or their seeds are surrounded by a sticky pulp. These fruits adhere to the 
beaks of birds or hoofs of animals and after being transported for some distance, 
germinate at a different place. 

[3] Edible fruits : These edible fruits are fleshy and succulent in nature. They pass 
through the intestine of birds and animals. These plants include oak, chestnut. 

[4] Transfer by human agency : Human agency can also be responsible for the 
transfer of certain crops from one country to other. e.g. Introduction of maize in India 
from Portugal, coffee was brought to India from the Middle East. 
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12.8.4. SPECIAL DISPERSAL METHODS 


Sometimes the fruits exhibit specialized 
dispersal methods like the explosive 
mechanism. In balsam and Geranium, the fruit 
bursts open with a great force and seeds are 
dispersed at a greater distance. In Barleria, the 
fruit bursts open into two valves and seed are 
projected with the help of a hook like structure 
called jaculator. 

It opens with a jerk and the seed is dispersed 
at a great speed. In Ecbollium elatarium, the 
turgor pressure increases in the fruit, which Fig 12 29 Dispersal 3 EETRIS 81 
ultimately leads to the bursting of the fruit. The Spring like mechanism: A. Impatiens, 
seeds come out in the form of a mucilaginous B-C. Geranium, B. intact fruit and C. 
mass like a fountain. dehisced fruit. 


Cocci 


12.9. Important Comparative Discussions 
[A] True fruit and False fruit : 


False fruit 


Points of Differences 


[1] Flower [1] Itusually develops from |[1] Develops from a single or 
a single flower. many flowers. 
[2] Origin [2] The fruit develops from | [2] Originates from parts other 


than ovary. 
[3] The edible part is not ovary, 
may be thalamus. 


[4] apple. 


the ovary. 


[3] The seed or the parts of 
ovary is edible. 


[4] mango. 


[3] Edible part 


[4] Example 


[B] Simple and Multiple fruit : 


Pee Multiple fruit 
Differences 
[1] Origin [1] The fruit arises from mono- | [1] The fruit usually arises from 
carpellary or polycarpellary the entire inflorescence. 
syncarpous ovary. 
[2] Size [2] Usually the size is smaller. | [2] The size is larger. 
[3] Types [3] They are of various types. [3] They are of two types. 


[4] Edible part | [4] The edible part is represented] [4] The entire inflorescence 


by the seed or other part of represents the edible part. 
the ovary. 
[5] Arrange- | [5], The fruit is not arranged in | [5] Fruits are actually arranged 
ment clustere. on both sides of the peduncle. 


[6] Example [6] mango. [6] jackfruit: 
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[C] Aggregate and Multiple fruit ¢ 
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Points of 

Differences 

[3] Carpo- 
phore 


Cremocarp 


3] Present as a common 
axis to which mericarps 
are attached. 


[3] Absent. [3] Absent. 


[4] Present on the fruit 
wall. 


[4] Oil ducts | [4] Absent. [4] Absent. 


[5] coriander. 


[5] Example | [5] Acacia. [5] castor. 


[1] Drupe and Pome : 


Points of 
Differences 


Pome 


[1] Origin [1] Develops from one or many- [1] Develops from a bi or multi- 
chambered, mono or polycar- carpellary, two or more cham- 
pellary, superior ovary. bered ovary. 

[2] Nature Fleshy, indehiscent, true fruit] [2] Fleshy, indehiscent, false 


fruit. 


Thalamus is not involved in 
this type of fruit formation. 


[3] Fleshy thalamus covers the 
cartilaginous ovary With 
seeds. 

Distinctly differentiatèd into |[4] The three layers are present 
epicarp, mesocarp and endo- but not well differentiated. 
carp. 


[5] Edible part} [5] Mesocarp or endocarp. 


[3] Thalamus. 


[4] Pericarp 


[5] Fleshy, enlarged thalamus. 


[6] Example mango, coconut. apple, pears. 


[J] Berry and Pepo : 


Points of 
Differences 


[1] Origin 


Pepo 


11 


Develops from tricarpellary, 
syncarpous, one-chambered, 
inferior ovary, 


[1] It develops from mono or 
polycarpellary, superior or 
inferior syncarpous ovary. 


[2 


= 


The pericarp is tough and 
thick and the ovary is with 
parietal placentation. 


[2] Fruit nature} [2] The endocarp and mesocarp 


forms a fleshy, massive pulp. 


[3] Seeds are embedded in the 
fleshy pulp. 


[3] Seeds [3] Seeds lie on the placenta. 


[4] cucumber, gourd. 


[4] Example 4 brinjal. banana. 
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[K] Hesperidium and Amphisaraca : 


Differences Amphisaraca 


[1] Origin [1] Develops from a many-cham- | [1] Develops from a many-cha- 
bered, multicarpellary, syn- mbered, multi-carpellary, 
carpous, superior ovary with superior ovary with marginal 
axile placentation. placentation. 

[2] Nature [2] The epicarp and mesocarp are] [2] The fruit is fleshy, indehis- 


cent, many-seeded with a 
woody pericarp. 

[3] The endocarp and the 
placenta becomes fleshy and 
pulpy in nature. 

[4] The mucilaginous testa of the 
seed is edible. 


fused together forming a 
tough, leathery skin. 

[3] The endocarp is projected in- 
wards forming distinct cham- 
bers having fleshy outgrowths. 

[4] Edible part] [4] The swollen outgrowths from 
the inner wall of the endocarp 
are edible. 

[5] orange, lemon. 


[3] Endocarp 


[5] Example [5] wood-apple. 


[L] Sorosis and Syconus : 


Points of 
Differences 


[1] Origin 


Syconus 


[1] It originates from a spike or aj [1] It originates from hypantho- 
spadix inflorescence. dium inflorescence. 

[2] It consists of a central, fleshy} [2] There is a hard receptacle 
axis and closely placed ova- enclosing the achenes. 
ries with fleshy bracts. 

3] The outer wall is thick with 

spiny bracts or undulation. 


[2] Structure 


[3] The common outer wall is 
represented by the tough 
receptacle. 

[4] fig. 


[3] Outer wall 


[4] Example | [4] jackfruit, pineapple. 


[M] Monocot seed and Dicot seed : 


Dicot seed 


Differences 


[1] Number of II] One. [1] Two. 
cotyledons 2 
[2] Position of | [2] It is terminal and called {2]It is lateral in position, atta- 
cotyledon scutellum, ched to the cotyledonary axis 
[3] Nature of | [3] It is thin and scaly. [3] It is fleshy, containing stored 
cotyledon food. 
[4] It is short, terminally placed. [4] It is also short but centrally 


[4] Embryo 

: placed. 

[5] Endosperm | [5] Copious, except arum. [S]It is scanty except castor. 

[6] Germination] [6] Germinates to produce radicle] [6] Germinates to produce radi- 
and plumule, covered by scaly} cle, and plumule, forming the 
sheath like coleorhiza and root and shoot respectively. 
coleoptile. 

[7] paddy, wheat. 


[7] Example 7 [7] mango, castor. 
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[N] Gram and Pea seed : 


Gram seed 


[1] Seed coat |[1] Testa and tegmen are differen- 
tiated and separable from each 
other. 

[2] Itis almost triangular in shape, 
ie., broader at one end and 
pointed at the other end. 

[3] Position off [3] The hilum and micropyle are 


Points of 
Differences 


Pea seed 


[1] Testa and tegmen are fused 
and arë non-separable in 
nature. 

[2]It is more or less round in 
nature. á 


[2] Shape 


[3] Hilum and micropyle situa- 


hilum situated near the narrower end. ted at the middle of the seed 
coat. 
[4] Colour [4] It is brownish-yellow in colour, [4] It is green or yellow in colour. 


[O] Pea and Castor seed: (Dicotyledonous exalbuminous and albuminous seed) : 


P oints of Pea seed Castor seed 
Differences 
[1] Shape It is round and smooth. [1] It is elongated and slightly 


rough. 


[2] Colour Yellow, light green or crea- | [2] Black or brown coloured 
mish in colour. with whitish streaks. 

[3] Seed coat Testa and tegmen fused and | [3] Testa appears as a hard, 
are not separable from each brittle, crustaceous covering, 
other. tegmen is absent. 

[4] Endosperm IA] Absent. [4] Present. 


[5] Cotyledons 5] Two cotyledons are thick and} [5] Two cotyledons are thin and 
fleshy. leafy. 
[6] Caruncle Absent. [6] Present. 


[7] Hilum and |[7] They are exposed. [7] They remain covered by 
Raphe caruncle. 
[8] Germination|[8] Hypogeal. [8] Epigeal. 


[P] Castor and Bean seed : 


Differences 

[1] Shape [1] Elongated. 

[2] Colour [2] Dark brown with whitish 
streaks on the surface. 

[3] Endosperm | [3] Present in copious amount. 

[4] Cotyledons | [4] The cotyledons are thin and 

leafy without food. 


Bean seed 


[1] Kidney-shaped. 
[2] White or off-white in colour. 


[3] Absent. 

[4] The cotyledons are thick and 
fleshy containing stored 
food. 

[5] Absent. 

[6] Hilum and micropyle remain 
exposed, 


Present. 
[6] Hilum and micropyle not visi- 
ble because they are covered 
by caruncle. 


[5] Caruncle 
[6] Hilum and 
micropyle 
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[Q] Bean and Maize seed : 


Reniform in shape. 


Points of 
Differences 


[1] Shape 
[2] Colour Off-white in colour. 
[3] Endosperm | [3] Absent. 


[4] Cotyledons |[4] Two fleshy cotyledons 
present. 


Visible. 


Maize seed 


{1} Triangular in shape. 
[2] Golden yellow in colour. 
[3] Present. 


[4] One thin cotyledon (scute- 
llum) present. 


[5] Hilum and [5] Not visible. 


Micropyle 
[6] Size of em- Large. [6] Small. 
bryo and 
plumule 
[7] Seeds [7] Separately borne by the [7] Seed and fruit wall fused to 


legume fruit. form a single grain. 


Epigeal. [8] Hypogeal. 


Rice grain (Paddy seed) 


Points of 
Differences 


Castor seed 


[1] Nature [1] Monocotyledonous, albumi- | [1] Dicotyledonous albuminous 
nous seed. seed. 

[2] Shape [2] Spindle shaped. [2] Elongated, oval. 

[3] Colour Yellowish brown, [3] Dark brown with white 


streak. 


[4] Fused with fruit coat contain-} [4] Free from fruit coat containing 
ing testa and tegmen. testa only, no tegmen. 


[5] Only one thin, leafy, terminal | [5] Presence of 2 central, thin, 


[4] Seed coat 


[5] Cotyledon 


cotyledon present, called leafy cotyledons. 
scutellum. 
[6] Coleoptile | [6] Coleoptile and coleorhiza | [6] Absent. 
and present. 
coleorhiza 
[7] Epithelium | [7] Present. [7] Absent. 
[8] Perisperm Absent. [8] Present. 
and 
caruncle 
[9] Position of Terminal, outside endosperm. | [9] Central, within endosperm. 
embryo 
[10] Germina- | [10] Hypogeal. [10] Epigeal. 


tion 
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[S] Maize seed and Coconut seed : 


[1] Flat, triangular, small. 


Points of Coconut seed 


Differences 


[1] Shape and 
Size 

[2] Colour [2] Golden yellow. 

[3] Seed coat | [3] Seed coat fused with fruit 

[4] Endosperm | [4] Copious endosperm, separa- 
ted from embryo by epithe- 
lium. 

[5] It consists of a single, thin, 

leafy cotyledon called scutel- 

lum. 


[1] Round and large. 


[2] Brown. 

[3] Seed coat differentiated. 

[4] Differentiated into solid and 
liquid, not separated by 
epithelium. 

It consists of a large cotyle- 
don, major part of which is 
attached to endosperm, 
functioning as a sucker. 
The embryo axis is very short 
and undifferentiated. 


[5 


[5] Embryo 


[6 


[6] Embryo 
axis 


[6] Itis differentiated into plu- 
mule and radicle, having the 
coleoptile and coleorhiza 

respectively. 


[T] Epigeal and Hypogeal germination : 


Points of 
Differences 


[1] Position 


Epigeal germination Hypogeal germination 


[1] The seed retains the position. 


The seed is raised from the 
position where it is sowned. 
[2] Come out of the seed to fo 
the cotyledonary leaf. 

Small and insignificant. 


[2] Cotyledons [2] Remain within the seed 


[3] Large and raises the seed 
above the soil surface. 
Hypocoty] or the radicle 
comes out, but plumule 
emergence is delayed. 
gram, maize. 


[3] Hypocotyl 


[4 


[4] Emergence | [4] Radicle and plumule come 
out in quick succession. 


[5] Example [5] castor, bean. 


[U] Viviparous and Epigeal germination : 


Viviparous germination 


[1] Seed germinates, while the 


Points of 
Differences 


[1] Pattern 


Epigeal germination 


[1] Seed germinates in soil, but 
fruit is attached to parent later it is raised due to the 
plant. growth of hypocotyl. 

[2] It grows and hangs from the |[2] It grows and forms a loop and 
seed, and after the fruit falls raises the seed from from its 
in the water, it gets implanted area of sowing. 
in the soft soil. 

[3] Mangrove plants. 

(Rhizophora, Ceriops) 


[2] Hypocotyl 


[3] Example [3] castor, bean. 
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[V] Hypogeal and Viviparous germination : 


Points of 
Differences 


[1] Pattern 


Hypogeal germination Viviparous germination 


[1] The seed germinates, while 
the fruit is attached to the 
parent plant, 

[2]. The hypocotyl is enlarged 
and it gets implanted in the 
soil after the fruit has fallen 
in the water. 

[3] The hypocotyl emerge 
quickly, but the emergence of 
plumule is delayed. 

[4], mangrove plants, 

(Ceriops, Rhizophora) 


The seed germinates in the 
soil in the same area where it 
is sown. 

[2] The hypocotyl is reduced and 
it develops into radicle. 


[2] Hypocotyl 


[3] Emergence | [3] The radicle and plumule 
emerge in quick succession. 


gram, paddy. 


12.10. Matters to Recollect 


The ovary after fertilization is transformed to fruit and the ovules are transformed 
to form seeds, 

The true fruits are formed from the ovaries, e.g. mango. 

The false fruits are formed from any part of the flower other than the ovary e.g. 
apple. 

The wall of the fruit is called pericarp, which is differentiated into outer epicarp, 
middle mesocarp and inner endocarp. 

The fruits may be classified into 3 major types, viz., simple, aggregate and multiple. 
The simple fruits may be dry and fleshy, depending on the texture of the pericarp. 
The dry fruit may be further subdivided as dehiscent, indehiscent and schizocarpic. 
The dry dehiscent fruit may be legume, capsule, follicle, siliqua. 

The dry indehiscent fruit may be achene, caryopsis, cypsela and nut. 

The schizocarpic fruits are so called because they split up into constituent parts 
on maturity and include the cremocarp, samara, tegma, carcerule etc. 

The fleshy fruits are mostly edible and include the drupe, berry, pepo, pome, 
hesperidium. 

The aggregate fruits arise from apocarpous pistil and include etario or fruitlets of 
simple fruits like etario of drupes, etario of berries etc. 

The multiple fruits are formed from the entire inflorescence. 

There are two types of multiple fruits viz., sorosis (jackfruit) and syconus (fig). 
The seeds are formed from fertilized ovules and contains the embryo and 
endosperm. 

The seed coat are differentiated into outer testa and inner tegmen. 

The kernel is the inner tissue of the seed consisting of embryo and endosperm and 
sometimes the perisperm. 

The seed with endosperm is called albuminous e.g. paddy and that without 
endosperm is called exalbuminous e.g. gram. 
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The dicotyledonous seeds are usually exalbuminous except castor, while 
monocotyledonous seeds are albuminous except arum. 

In exalbuminous seed, the cotyledons become fleshy due to storage of food, while 
in albuminous seeds, the cotyledons are thin and fleshy. 

In monocotyledonous seeds, the cotyledon is called scutellum, which is outside 
the endosperm, separated by epithelium. 

In pea seed, the testa and tegmen are fused, while in gram seed, the testa and 
tegmen are separable from each other. 

In paddy seed, the fruit coat and seed coat are fused because the fruit is a single- 
seeded ovary. 

The embryo consists of an axis, an epicotyl and an hypocotyl. 

The epicotyl produces the plumule, while the hypocotyl produces the radicle. 
The hypocotyl and epicotyl in monocot seeds are covered by additional sheaths 
called coleorhiza and coleoptile respectively. 

The seed germination may be of 3 types viz., hypogeal, epigeal and viviparous. 
Hypogeal germination is observed in gram seed, where the cotyledons are retained 
within the seed. 

Epigeal germination is observed in castor seed, where the cotyledons come out of 
the seed and the seed is raised from the soil surface with the help of the hypocotyl. 
Viviparous germination is observed in mangrove plants, where the seed germinates 
when the fruit is attached to the parent plant, the hypocotyl grows and gets 
implanted in the soft soil. 

r Dispersal of fruit and seed takes place by air, water, animals and specialized 
mechanisms. 
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12.11. Summary 


Fruits: The fruit develops from the ovary after fertilization, The fruit may be 
true or false, a true fruit develops from the ovary, while a false fruit develops from 
other part like thalamus. The fruit may be broadly classified into three major types, 
viz, simple fruit, aggregate fruit and multiple fruit, A simple fruit develops from a 
monocarpellary or polycarpellary ovary with syncarpous pistil, it can be classified 
into 2 types, viz., dry and fleshy, depending on their texture. The dry fruits may be 
further classified as dehiscent, indehiscent and schizocarpic fruit, A dehiscent fruit 
shows various types of dehiscence and include various fruits like legume, capsule, 
siliqua, follicle etc. Capsule may be further classified on the basis of its dehiscence 
like poricidal, circumsessile, loculicidal, septicidal and septifragal. The indehiscent 
fruit does not undergo dehiscence on maturity and may be of different types like 
achene, caryopsis, cypsella, nut erc. In some indehiscent fruits like caryopsis of 
paddy, the fruit coat and seed coat remain fused to each other. The schizocarpic 
fruit mostly arise from bicarpellary or polycarpellary ovary, which on maturity 
dehisces into single seeded segments. They include the cremocarp, samara, regma, 
carcerule etc. The fleshy fruits are so called because they mostly have fleshy edible 
parts like the mesocarp, endocarp or the inner outgrowth of ovary wall. They may 
be of various types like drupe, pepo, pome, berry, hesperidium. Some fleshy fruits 
like pome have massive, fleshy, edible thalamus and is considered to be false fruit. 
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The aggregate fruits develop from apocarpous pistil and they include bunches of 
fruitlets or etario and are called etario of drupe, etario of berry ere. The multiple 
fruits have a large size because they are produced as a result of modification of the 
entire inflorescence and may have a fleshy axis having the flowers on both side 
with fleshy edible bracts, like sorosis of jackfruit. It may also develop from the 
hypanthodium inflorescence with achene fruits surrounded by hard outer receptacle 
e.g. syconus of jackfruits. The fruit wall or pericarp is often a thick layer, 
differentiated into outer epicarp, middle mesocarp and inner endocarp respectively. 

Seeds: The seed is formed from the fertilized ovule, retained within the fruit. 
The seed consists of the embryo and endosperm in most cases. The seed coat is the 
protective layer differentiated into outer testa and inner tegmen. The tegmen may 
be absent in some seeds like castor, testa and tegmen are fused in pea seed, while in 
others like gram, they. are separable from each other. In single seeded fruit of 
caryopsis, the seed coat and pericarp are fused. Seeds can have one, two or many 
cotyledons in monocotyledonous, dicotyledonous and polycotyledonous seeds. On 
the basis of the presence of endosperm, the seed can be classified as endospermic 
or albuminous and non-endospermic or exalbuminous, The dicot seeds are mostly 
exalbuminous except castor, while monocot seeds are mostly albuminous, except 
arum. The tissue which is covered by the seed coat is called kernel, which include 
the embryo and endosperm. The embryo consists of a central axis and epicoty! and 
a hypocotyl, the epicotyl forms the plumule, while the hypocotyl forms the radicle. 
In monocot seeds, the single cotyledon or scutellum is leafy in nature and ‘situated 
at the terminal end of the axis. The hypocotyl and epicotyl are protected by sheath- 
like structures called coleorhiza and coleoptile respectively. The embryo is separated 
from the endosperm by a thin layer called epithelium, In some monocot seeds like 
paddy, the endosperm is covered by a thin layer called epithelium, In certain monocot 
seeds like coconut, the endosperm may be both solid and liquid in nature and the 
embryo is embedded in the solid endosperm, with its cotyledon acting as a sucker, 
that derives nourishment from the endosperm. In dicotyledonous seeds, the 
cotyledons are fleshy because endosperm is usually absent, they are centrally placed 
attached to the both sides of the cotyledonary axis, the coleoptile and colearhiza are 
absent and the hypocotyl and epicotyl directly forms the radicle and plumule, In 
certain dicotyledonous seed like castor, there is an additional nutritive layer called 
perisperm, present along with endosperm, which is formed by the reduction of the 
nucellus. The germination of the seed takes place is 3.different ways, viz., hypogeal, 
epigeal and viviparous. In hypogeal germination, the seed germinates in situ with 
che cotyledons retained within the seed, the emergence of radicle and plumule is 
normal, e.g. gram, In epigeal germination, the hypocotyl is produced, which gets 
implanted in the soft soil after the fruit is detached from the parent plant. Dispersal 
of fruit and seed takes place by wind, water, animals and certain special mechanisms. 


12.12. Naming / Discovery / Discoverer 
[1] Maheshwari, P. (1950) demonstrated the development of embryo in 
angiospermic families. 
[2] Johri, B. M. and Tiagi, B. (1952) demonstrated the development of seed in 
angiospermic families. 
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[3] 
[4] 


12.13. 


Ans. 


Ans. 
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Sterling, C. (1953) demonstrated the development of fruits in angiosperms. 
Singh, R. P. (1954) investigated on the structure and developmental patterns of 


fruits of some dicot families. 
Tomlinson, P. B. (1963) showed the development of cotyledonary leaves in 


monocotyledonous plants. 
Johri, B. M. (1963) did monumental work on the embryo development in the 


seeds of angiospermic plants. 


Answers to Some Special Questions 

What are spurious fruits ? 

The fruits which develop from floral parts other than ovary, are called false 
fruit or spurious fruit. e.g. Thalamus in pome of apple. 

What is scutellum ? 


. The thin, leafy cotyledon of monocot seed like maize is called scutellum. 


What is epithelium ? 

The thin layer of parenchyma, that separate the embryo from the endosperm is 
called epithelium, e.g. paddy seed. 

Give two examples of drupe. 

Mangifera indica ; Prunus domestica. 

Give two examples of multiple fruits. 


. Artocarpus indica, Ananas comosus. 


What is the morphological nature of cotton fibre ? 
The cotton fibres are actually long filamentous, epidermal outgrowth of seed 
coat. 
Which seed lacks seed coat ? 
Seeds of Arceuthobium. 
What are vittae ? 
They are oil ducts present on the seed coat of mericarps of cremocarp of fruits 
like coriander. 
What is perisperm ? 
The remnant of nucellus, that act as a nutritive tissue surrounding the embryo 
of seeds like castor is called perisperm. 
Give examples of dry and fleshy fruits. 
Dry dehiscent : Pisum sativum. 
Dry indehiscent : Oryza sativa. 
Fleshy : Mangifera indica. 
What type of fruits are wheat, lady’s finger, mango, jackfruit ? 
[J.E.E. 1981] 


Wheat : Simple, dry, indehiscent— caryopsis. 

Lady's finger Simple, dry, dehiscent, capsule. 

Mango : Simple, fleshy drupe. 

Jackfruit : Multiple, sorosis. 

Give two examples of pseudocarps. IJ. E. E. 1990] 
Malus sylvestris, Anacardium occidentale. 

What is parthenocarpy ? IJ. E. E. 1990] 


The development of fruit without the act of sexual fertilization is called 
parthenocarpy. e. g. Musa sp. 


[14] 


Ans. 


[15] 
Ans. 


[16] 
Ans. 


[07] 
Ans. 


[18] 
Ans. 


[19] 
Ans. 


[20] 
Ans, 
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Mention the edible parts of lemon, mango, pomegranate, cashewnut, litchi, 


chalta. IJ. E. E. 1992] 
Lemon : Juicy hairs arising from ovary wall. 

Mango : Fleshy mesocarp. 

Pomegranate : Juicy testa. 

Cashewnut : Aril. 

Chalta : Juicy calyx. 


What are schizocarpic fruits ? 

The fruits which on maturity becomes dry and split into smaller fragements 
containing the seeds without exposing the seeds e.g. Cremocarp of fennel. 
What is carpophore ? 

The common stalk like axis which joins the mericarps of a cremocarp, as in 
coriendar is called carpophore. 

What are samaroids ? 

The schizocarpic fruit with wings arising from the modification of the calyx. 
e.g. Shorea (Sal). 

What is stone fruit ? 


The simple fleshy fruit with hard endocarp is called stone fruit. e.g. Fibrous 


drupe of coconut. 

Name a fibrous and a fleshy drupe. 

Fibrous drupe : Cocos nucifera. 

Fleshy drupe : Mangifera indica. 

Which inflorescence forms syconus ? What is the fruit within ? 

The inflorescence is hypanthodium and the fruit within the hard receptacle is 
achene. 


eee eee EXERCISE ee eee eee 


@ A. Long Answer type Questions : 


111 


121 
(3) 


[4] 


[5] 
[6] 


[7] 
[8] 


19] 


(10) 
{i 
[12] 
[13] 


State the different parts of a dicotyledonous and monocotyledonous seeds. 

(Ans. 12.6.2, 12.6.4) 
Distinguish between pea and paddy seeds. IJ. E. E. 1987] (Ans. 12.6.2, 12.6.4) 
Define seed describe the internal structure of a paddy seed with labelled sketches. 

(Ans. 12.5.1, 12.6.4) 
Differentiate between fruit and seed. Give the differences between aggregate and multiple 
fruits with examples. (Ans. 12.2, 12.5, 12.8) 
Mention the characters of multiple fruits. (Ans. 12.2.3) 
What are schizocarpic fruits ? Give a brief account of different types of schizocarpic fruits. 

(Ans, 12.2.3) 


What are fleshy fruits ? Name the different types. (Ans. 12.2.3) 
What are dehiscent and indehiscent fruits ? Give a brief account of all these fruits. 
(Ans. 12.2.3) 


Describe the structures of two dicot seeds with sketches. 
(Ans. 12.6.1, 12.6.2) 


Describe the internal structures of seed. (Ans. 12.5.2) 
Describe the internal structure of a dicotyledonous, albuminous seed. (Ans. 12.6.3) 
Describe the internal structure of seed bearing scutellum. (Ans. 12.6.5) 
Describe the constituent parts of a typical fruit. (Ans. 12.2.2) 
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What is seed germination ? Describe the conditions and events of seed germination. 


(Ans, 12.7.2) 
How fruit and seed dispersal takes place ? (Ans. 12.8) 

Short answer type questions : 

Define a fruit and a seed. (Ans. 12.2, 12.5.1) 
Mention the different parts of a fruit. What is a simple fruits ? (Ans, 12.2.2, 12.2.3) 
Describe any two types of fleshy fruits. (Ans, 12.2.3) 
Describe any two kinds of dry fruits. (Ans. 12.2.3) 
Describe the kernel of a gram seed. (Ans. 12.7.3) 
What is viviparous germination ? (Ans. 12.7.3) 
What is capsule ? What are the different types of dehiscence present in capsule fruit ? 

(Ans, 12.2.3) 
What are the schizocarpic fruits ? Give example. (Ans. 12.7.3) 
Why fruit coat may get fused with seed coat ? (Ans. 12.2.3) 
What is hypogeal germination ? Give example. (Ans. 12.7.3) 
How seed dispersal takes place by wind ? (Ans. 12.8.1) 


Specific answer type questions : 
Where is the seed-coat completely separated from the pericarp ? IJ. E. E. 1990] (Ans. 12,12) 


Which structure forms seed ? IJ. E. E. 1993] (Ans. 12.2.3) 
What is true fruit? (Ans. 12.2.1) 
What is false fruit ? (Ans. 12.5.2) 
What is endosperm ? (Ans. 12.5.2) 
What is scutellum ? (Ans. 12.6.5) 
What is kernel ? (Ans, 12.5.2) 
What type of fruit is fig ? (Ans. 12.2.3) 
What type of fruit is jackfruit ? (Ans. 12.2.3) 
What is multiple fruit? (Ans. 12.2.3) 
What is simple fruit ? (Ans. 12.2.3) 
What is achene ? (Ans. 12.2.3) 
What is caryopsis 2 ' | Ou Ra ap mn a m Ans 1223) 
What do you mean by an endospermic seed ? (Ans. 12.5.2) 
What is pericarp ? (Ans, 12.2.2) 
In which type of germination, seed is raised above the soil surface ? (Ans. 12.7.3) 
What is hypocotyl ? (Ans. 12.7.3) 
Name the special the type of germination seen in case of mangrove plants. (Ans. 12.7.3) 
What is meant by explosive mechanism of seed dispersal. (Ans. 12.8.4) 
Distinguish between : 

Monocot seed and Dicot seed, (Ans. 12.9) 
Aggregate and Multiple fruit. (Ans. 12.9) 
True fruit and False fruit. (Ans. 12.9) 
Dry fruit and Fleshy fruit. (Ans. 12.9) 
Sorosis and Syconus. (Ans. 12.9) 
Simple fruit and Multiple fruit. (Ans. 12.9) 
Hypogeal germination and Epigeal germination. (Ans, 12.9) 
Viviparous germination and Epigeal germination. (Ans, 12.9) 
Viviparous germination and Hypogeal germination. (Ans. 12.9) 
Capsule and Follicle. ý (Ans. 12.9) 
Legume and Siliqua. (Ans. 12.9) 
Caryopsis and Nut. (Ans. 12.9) 
Nut and Achene. (Ans. 12.9) 
Lomentum and Regma. x (Ans. 12.9) 
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[15] Regma and Cremocarp. (Ans. 12.9) 
[16] Drupe and Pome. (Ans. 12.9) 
[17] Berry and Pepo. (Ans. 12.9) 
[18] Hesperidium and Amphisaraca. (Ans. 12.9) 
[19] Pea seed and Gram seed. (Ans. 12.9) 
[20] Pea seed and Castor seed. (Ans, 12.9) 
[21] Castor seed and Bean seed. (Ans. 12.9) 
[22] Bean seed and Maize seed. I (Ans. 12.9) 
[23] Paddy seed and Castor seed. (Ans, 12.9) 
[24] Maize seed and Coconut seed. (Ans. 12.9) 
FE. Short notes: 
1] False fruit. (Ans. 12.2.1) 
2] Fruit of jackfruit. H. S. 1991] (Ans. 12.2.3) 
[3] True fruit. (Ans. 12.2.3) 
[4] Simple fruit. (Ans. 12.2.3) 
[5] Multiple fruit. (Ans. 12.2.3) 
[6] Aggregate fruit. (Ans. 12.2.3) 
[7] Pericarp. (Ans. 12.2.2) 
[8] Carcyopsis. (Ans. 12.2.3) 
[9] Legume. (Ans. 12.2.3) 
[10] Siliqua. (Ans, 12.2.3) 
[11] Scutellum. (Ans. 12.6.5) 
[12] Kernel. (Ans. 12.5.2) 
[13] Capsule. (Ans. 12.2.3) 
[14] Drupe. (Ans. 12.2.3) 
[15] Mericarp. (Ans, 12.2.3) 
[16] Endosperm. (Ans. 12.5. 2) 
1171  Tigellum. (Ans. 12.5.2) 
[18] Hypogeal germination. 3 (Ans. 12.7.3) 
[19] Epigeal germination. (Ans. 12.7.3) 
[20] Vivipary. (Ans. 12.7.3) 
[21] Berry. (Ans. 12.2.3) 
[22] Lomentum. (Ans. 12.2.3) 
[23] Achene. (Ans. 12.2.3) 
[24] Carcerule. (Ans. 12.2.3) 
[25] Sticky fruit. ch (Ans, 12.8.2) 
[26] Censer mechanism. (Ans. 12.8.1) 


© F. Multiple choice-type questions: 
[1] A seed devoid of tegmen is pea / castor / gram / cotton. 
[2] Viviparous germination is observed in Rhizophora / Heritera / castor / pea. 
[3] Fruit coat is fused with seed coat in rice / castor / gram / pea. 
[4] The example for a multiple fruit is jackfruit / Magnolia / apple / litchi. 
[5] The oil ducts are observed in cremocarp / regma / carcerule / samara. 
[6] Replum is found in carcerule siliqua / regma / legume. 
[7] The fruit of lady’s finger is legume / capsule / siliqua / follicle. 
[8] The fruit of lemon belongs to pepo / berry / hesperidium / amphisaraca. 
[9] The example of fibrous drupe is Cocos / Heritera/ Phoenix / Ceriops. 

[10] The structure that emerges first in viviparous germination is radicle / plumule / hypocotyl / 
epicotyl. 

@ G. Fill in the blanks : 
[1] The edible part of mango is 
[2] The liquid endosperm is present in 
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[8] and are examples of pseudocarps belonging to different classes: 
[4] The edible part of pomegranate is 5 
[5] The syconus arises from the inflorescence of 
[6] The cotyledon of maize is called 


17] The cotyledons emerge from the seed in —— germination. 
[8] Lomentum is a. fruit. 
[9] -Fruitlets are commonly observed in fruit. 
[10) The edible part of amphisaraca is and 
© H. Put / Mark on Yes / No for correct answer: 
[1] Hesperidium has a tough leathery skin. u Yes / No. 
2 Mericarps are joined by carpophore, ares Yes / No. 
[3] Pepo has a thin epicarp. Yes / No. 
[4] Bean seeds have caruncle. 
(Slo Piienuits'arise fromiovary: ,, ee ieee Yes / No. 
[6] Follicle fruit develops from a superior monocarpellary ovary, stnees Yes / No. 
[7] . Pericarp is thick and fused in achene. Yes / No. 
[8] The epicoty! emerges first in viviparous germination. stttns Yes / No. 
[9] Regma develops from a superior polycarpellary ovary. stess Yes / No. 
[10] The epithelium is commonly observed in dicot Seeds Yes / No. 


Answers to Q. No. F, G and H. 


F. II] castor. [2] Rhizophora. [3] rice. [4] jackfruit. [5] cremocarp. [6] siliqua. [7] capsule. 
[8] hesperidium. [9] Cocos. [10] hypocotyl. 
G. [1] fleshy mesocarp. [2] coconut.[3] apple ; litchi. [4] succulent testa. [5] hypanthodium. 
[6] scutellum. [7] epigeal. [8] schizocarpic. [9] aggregate. [10] placenta ; endocarp. 
. [1] Yes. [2] Yes. [3] No. [4] No. [5] Yes. [6] Yes. [7] No. [8] No. [9] Yes. [10] No. 


Angiosperm Plant Types 


Topics Discussed : Introduction, Origin and fossil record, Distinctive characters of angiosperms, Major 
groups of angiosperm, Description of rice plant and pea plant. Comparison between monocotyledonous and 


dicotyledonous plants (morphological and anatomical differences in tabular form). Some important 
informations. 


13.1. Introduction 


They are the highest evolved plants, the term angiosperms comes from Gr. Angis 
= Case ; sperma = seed i.e., the seed bearing plants, where the seeds are enclosed by 
fruit wall. They represent the largest group of vascular plants having approximately 
3,00,000 species and 12000 genera. There are two major types of angiospermic plants, 
the monocotyledons and dicotyledons, according to the number of cotyledons in the 
seed. Bentham and Hooker (1882) considered 141 families under dicotyledons and 
34 families under monocotyledons. Hutchinson in 1964 considered only 55 and 10 
families under the dicotyledons and monocotyledons respectively. The angiospermic 
plants may be terrestrial and aquatic, having worldwide distribution. They may be 
herbs, shrubs or trees and vary widely on their modes of nutrition, showing various 
types of adaptive features. They are mostly autophytic i.e., photosynthetic in nature, 
but can also be saprophytic d 


like Mono-tropa, parasitic Higher Taxa || 

like Cuscuta, insectivorous 

like -Nepenthes and Rosales 

symbiotic like Pisum. Their 

life-cycles are essentially Banale 
anales 


sporophytic with very much 
reduced gametophytic 
phase, which are retained 
within the microspore and 
megaspore. The zygote 
formed as a result of 
fertilization, develops into 
the embryo, that shows 
regular method of dispersal. 


13.2. Origin Of Angio- + 
sperms 

The origin of angio- 
sperms is a major problem 
and it is considered, by 
various workers like 
Heywood, 1968, Cron- 


Ranalian Origin 


Monocot Evolution (Dicot) 


Dicotyledonous 
Magnolian Evolution 
(Blind End) 


Proto-Angiosperms 


Gymnosperms 


Pteridosperms 


Pre-Angiosperms (Mesozoic) 


quist, 1968, Takhtajan, 
1975 and various fossil 


Fig. 13.1 : Origin and evolution of dicotyledonous plants 
(After Nair, 1970). 
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records have been considered for this purpose. The ori æin of angicsperms has taken 
place from pre- angiospermic ancestors, comprising of thallophyta, bryophyta, 
pteridophyta and gymnosperms. The gymnosperms seem to be the immediate ancestors 
of angiosperms, but there is controversy regarding its immediate ancestor. According 
to some, Gnetum is the ancestor because of having xylem vessels and companion cells, 
but some workers consider bennettitalean members as the ancestors of angiosperms, 
Nair (1970) considered pteridosperms as the ancestors of angiosperms, which arises 
frora pre-angiosperms, produce the proto-angiosperms and then divide into 3 specific 
lines as dicotyledonous magnolian line, dicotyledonous ranalian line and the monocot 
line. 


13.3. Fossil Record of Angiosperms 


The fossil record is mostly available from the mesozoic era, but it is limited and 
fragmentary. The leaves of Fercula 
belonging to late Triassic and 
Homoxylon secondary wood of the 
lower Jurassic are the earliest 
records. The mega-fossils of 
Sassafras and Populus belonging 
to families Lauraceae and 
Salicaceae are some of the oldest 
angiospermic families. The fossils 
of Nympheaceae belonging to lower 
Cretaceous and that of 
Magnoliaceae belonging to middle 
7 _| Cretaceous are the oldest members 
Fig. 13.2 : Impression fossils of Angiosperm leaves : of monocots and dicots respectively, 

[A] Sassafras, [B] Fercula. According to Doyle, 1966 a pre- 

cretaceous fossil of Colorado palm like tree Sanmiguelia can also be considered as 

ancestor of monocotyledonous plants. 


A 


13.4. Distinctive Characters of Angiosperms 


The distinctive features of angiosperms are as follows : 

[1] The sporophytic plant body is differentiated into true roots, stems and leaves. 

[2] The megaphyllous leaves have reticulate or parallel venation. 

[3] The root system is either tap root system or fibrous root system, the former is 
with root-cap and secondary growth, while the latter is with tufts of adventitious roots. 

[4] The primary stem with circular or scattered vascular bundles, differentiated into 
nodes and internodes. 

[5] The stem shows secondary growth with xylem vessels and companion cells. 

[6] The flowers are the reproductive structures. 

[7] The flowers contain 2 outer accessory whorls viz., calyx and corolla and two 
essential whorls, viz., the male androecium and female gynoecium. 

[8] The flowers may be both bisexual and unisexual in nature. É 

[0] The gametophytes are very much reduced and delimited within the wall -of 
megaspore and mi-rospore. 
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[10] The process of pollination is brought upon by various agents like air, water, 


insects, birds, etc. 


[11] The pollen grain at the time of pollination is 2-celled, i.e., it has the vegetative 


or tube cell and generative cell. 


[12] The development of embryo sac may be monosporic or tetrasporic in nature. 


[13] The ovules remain within the ovary ; archegonium is not formed. 


[14] The embryo sac contains the three 
antipodals, diploid definitive nucleus, 
two synergids and the egg nucleus. 

[15] Double fertilization takes place 
between the first male gamete and the egg 
forming the 2n zygote and the second 
male gamete with 2n definitive nucleus 
forming the 3n endosperm. 

[16] The endosperm is a post- 
fertilization development, it is usually 
scanty in dicots and massive in monocots. 

[17] The seeds remain enclosed 
within the fruit, which is formed by the 
modification of the ovary after 
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= Seminal 
Root 


> 


Fig. 13.3 : Fibrous root of monocotyledonous 
plant : [A] Immatured, [B] Matured. 


fertilization. 
[18] The seed may have either one cotyledon or two cotyledons. 
[19] The seeds and fruits have definite dispersal methods. 
[20] The germination of seeds may be epigeal or hypogeal. 


13.5. Major Groups of Angiosperms 

The angiospermic plants can be ‘classified into two major groups, viZ., 
monocotyledons and dicotyledons on the basis of the number of cotyledons present in 
the seed. In this chapter, rice (paddy) amongst monocot and pea belonging to dicots are 
discussed in details. 

The paddy plant (Oryza sativa) belongs to family Poaceae and pea plant (Pisum 
sativum) belongs to family Leguminosae and sub-family Fabaceae. 

The comparative analogy of the two above mentioned plants is presented in the on- 
going paragraphs. 

(1) Paddy plant: 

[A] Systematic Position: 


Kingdom: Planta 
Division: Angiospermae 
Class: Monocotyledonae 
Series : Glumaceae 
Family: Poaceae or Gramineae 
Genus: Oryza 


Species: Sativa 


2253—26 
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[B] Description: 
[1] Habitat : Terrestrial (needs stagnant water). 
[2] Habit : Herbaceous. 


Inflorescence 


Sp , Stigma | 
Sy pn | 
yok 


| 
{ 
j 
| 
| 
' 
| 


Lemma | 


y )Glumesil 


Sheathing ! 
Leaf hase 


Sheathing ——. 0 
Leaf Base f A 


Lemma: | N s 
| Lodicule 15 . Le 
| 

1 (l Lemma AN A 

; dy A i 

Glume-l * Glume-tt a ney yi wif 

NY Ligule i 
B Grain Glume-II i f 


(Fruit + Seed) 


Fig. 13.4 : Different parts of Rice plant : 
[A] Rice plant (Part) with inflorescence, [B] Inflorescence, [C] Flower with bracts and 
bractioles, [D] Floral parts, [E] Bract and bractioles, [F] One seeded fruit (Caryopsis), 
[G] Ligule, [H] Floral diagram. 

[3] Roots: Adventitious fibrous roots present. 

[4] Stem : Cylindrical, erect stem, differentiated into nodes and internodes, internodes 
hollow, nodes solid. 

[5] Leaves : Simple with alternate phyllotaxy, linear leaves with sheathing leaf base, 
venation parallel, ligule present at the base of the leaf. The leaf surface rough due to 
the presence of silica crystals. 

[6] Inflorescence : Racemose type (spikelet). 

[7] Flowers: Regular or actinomorphie, mostly bisexual, rarely unisexual with bracts 
and bracteoles, contains perianth. androecium and gynoecium. 

[8] Perianth : They are two in number, represented by lodicules, minute in size. 
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[9] Androecium: Stamens six, remaining in two whorls, anthers: versatile (for 
wind. pollination) with long filaments. 

[10] Gynoecium : Carpels three, of which one is functional and two become abortive. 
Ovary is uni-or multilocular, superior with basal placentation, short style and feathery 
stigma present. 

[11] Fruit : Caryopsis, i.e., seed coat and fruit coat fused. 

[12] Seed : Albuminous. 

[13] Floral formula: Br B Ĝ' P. A, d, 

(1) Pea plant: 7 

[A] Systematic Position: 

Kingdom: Planta 
Division : Angiospermae 
Class : Dicotyledonae 
Series : Calyciflorae 
Family: Leguminosae 
Sub- family: Fabaceae y 
Genus : Pisum 
Species: sativum 

[B] Description : 

[1] Habitat: Terrestrial. 

[2] Habit: Herbaceous. t 

[3] Root : Tap root . 
system. | 
[4] Stem: Soft stem, less 
woody, differentiated into | 
nodes and internodes, 
nodes are protected by 
foliaceous stipule, the stem | V i 
has climbing habit. | Sih \ 

[5] Leaves : The leaves | D 
are pinnately compound, 
each individual leaflet has 
reticulate venation and | 
distinct mid-vein. The! 
terminal leaflets are 
modified to form tendrils, | — 
that support the weak stem. i ; 

[6] Inflorescence : „s 8 
Racemose. | 8 * aK 

[7] Flower : Bisexual, | VERS 
complete, zygomorphic, 0 

B 


Standard 


N 


MERN 

Follaceous . 
< Karina y 
Stipule p- euii, 

7 


il Carpe Anther 
y = Stamens | 


| 
t 
| 
j 


consisting of 4 whorls, 
papilionaceous, perigynous 
and bracteate. } Yc 


[8] Calyx : 5 sepals, ` x aes ice 3 
green in colour, free, 125 Pig. 13.5: Different paris of pea plant: [A] Paris of pea plant, [B] 


T. S. of ovary, [C] Floral diagram, [D] Fruit, [E] Parts of flower. 
polysepalous. 
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[9] Corolla : Five petals, unequal in size forming a papilionaceous corolla, composed 
of a large standard or vexillum, two lateral wings or alae and the two smallest, innermost 
whorl called keel or carina, which gets partially fused to form a boat shaped structure. 
They appear like a butterfly. 

[10] Androecium : Stamens ten, nine united and one free, forming diadelphous 
stamen ; contains basifixed anther and long filament. 


[11] Gynoecium : One carpel, ovary with marginal placentation, half inferior, 
unilocular with slender style and feathery stigma. 

[12] Fruit: Legume. 

[13] Seed : Exalbuminous. ‘ 

[14] Floral formula : Br og bK, Cle Awa Gf 


13.6. Comparison Between Monocotyledonous and Dicotyledonous 
Plants 


[A] Similarities: 

[i] External morphological characteristics : 

[1] Plants differentiated into root, stem and leaves. 

[2] The stem is woody with secondary growth present in most of the cases. 

[3] The reproductive structures are represented by flowers. 

[4] Flowers may be unisexual or bisexual and protected by accessory whorls or 
perianth. 

[5] The flowers may be solitary or arranged in an inflorescence. 


[6] The male reproductive organ or androecium is represented by the individual 
units called stamens. 


[7] The stamens are composed of filament and anther. 


[8] The female reproductive organ or gynoecium is the innermost whorl, consisting 
of one or more carpels. 


[9] Each carpel consists of style, stigma and ovary. 


[10] The endosperm is triploid and formed as a result of double fertilization, i. e., 
fusion of the second male gamete with the 2n definitive nucleus. 


[ii] Internal anatomical characteristics : 

[1] The xylem elements consist of trachea or vessels, while the phloem elements 
consist of companion cell. 

[2] Roots with radial vascular bundles. 

[3] Xylem exarch in the root, i.e., metaxylem towards the centre and protoxylem 
towards the periphery. 

[4] The primary vascular bundles in the stem are conjoint, collateral. 

[5] Xylem are endarch, i.e., protoxylem towards the centre and metaxylem towards 
the periphery. 
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[6] The leaves consist of mesophyll tissue, differentiated into palisade and spongy 
parenchyma. 

[7] The mesophyll tissue is covered by the upper and the lower epidermis. 

[8] Stomata present in the leaves. 


Endosperm 
Coleoptile 
7 


plumule 
7 


, Radicle 


——Coleorhiza 


i 
Radicle 4 i i 


Vascular nit w 
H Aiti \ 
j Ñ 4! Upper Epidermis: 


8 Palisade 
N 


Stomata 


Spongy 


Conjoint 
Collateral 
Closed 


Conjoint 
Collateral Open 


Phloem 
Cambium 


Xylem 


Tissue 


Epidermis, 
Endodermis 


S Primary Root 
Ne 


Fig. 13.6: Morphological and anatomical differences between dicotyledonous and 
monocotyledonous plant. 
[9] Stomatal opening and closing controlled by the osmotic movement of the guard 
cells. ; 
[10] Air spaces present within the mesophyll tissue. 
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[B] Dissimilarities : 
[i] Morphological differences : 


Points of 
Differences Monocotyledons 
[1] Habit Usually herbaceous (except in 1] 
1 palms). 
[2] Root [2] Adventitious or fibrous root }[2] 
system. 
[3] Stem [3] -In herbs, the stem is rhizoma- | [3] 


tous, if woody, it is usually 
monopodial. 


{4 


— 


Absent. 


Simple, isobilateral leaf with | [5] 
parallel venation and may 
have sheathing leaf base. 


[5] Leaves 


[6] Flowers They are trimerous, i.e., the 
floral parts are in multiples 
of three, presence of three 


whorls are usually observed. 


The calyx and corolla are not [7] 
always distinguished and 
they form the perianth. 


[7] Accessory 
whorls 


[8] 


Stamens may be reduced to 
form petalloid structures. 


[8] Stamens 


[9] 


Seeds are usually endosper- 
mic, except arum. 


[9] Seeds [9] 


[10] Cotyledon [10] One thin cotyledon present 
terminally on the embryo 
axis. 


[11] Placenta- [11] Usually marginal and basal. 


tion 


[12] The seed germinates to 
produce the coleorhiza and 
coleoptile which are actually 
ensheathing the radicle and 

plumule respectively. 


[12] Germina- 
tion 
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Dicotyledons 


They may be herbs, shrubs 
and trees. 


Tap root system. 


Erect, woody stem with 
many branches, differentiated 
into nodes and internodes. 


Present. 


Leaves may be simple or 
compound, with reticulate 
venation and without 
sheathing leaf base. 


Flowers are pentamerous, i. e., 
floral parts are five or multi- 
ples of five. Usually four 
whorls are present. 


Calyx and corolla are distin- 
guishable from each other 
and represent two separate 
whorls. 


Stamens are usually func- 
tional and conspicuous. 


Seeds are usually non-endo- 
spermic, except castor. 


[10] Two thick cotyledons present 


laterally on the embryo axis. 


[11] Itis usually superficial, axile 


and free-central in nature. 


[12] The radical and plumule 


come out directly and no 
such sheath is formed. 
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[ii] Anatomical differences : 


Points of 
Differences 


Monocotyledons (In T.S.) Dicotyledons (In T.S.) 


la] Root j 

[1] Number of | [1] The number of vascular [1] The vascular bundles. 
vascular bundles (strands) is usually (strands) are usually 2-5 in 
bundles more than six. number. 

[2] Pith 2] It is large and conspicuous. | [2] It is small, 

[3] Secondary [3] It is not present. [3] It may be present in some 
growth cases. 

[4] Cortex [4] The cortical cells are usually | [4] Cortical cells are usually 

small. large. 

[b] Stem an 

[5] Differen- | [5] The cortex, stele and pith [5] The cortex, stele and pith are 
tiation are not differentiated. distinctly differentiated. 

[6] Arrange- 6] The vascular bundles are [6]. The vascular bundles are 
ment of scattered in the ground arranged in a ring in the 
vascular tissue. young stem. 
bundles 

[7] Nature of [7] They are conjoint, collateral | [7] They are conjoint, collateral 
vascular and closed due to the and open, due to the presence 
bundles absence of cambium. of cambium; 


[8]. It is present and occurs 
Within the stele by the cutting 
off of annual rings. 


[8] Secondary |[8] It is usually absent and if 
growth present, it is extra-stelar in 

nature. 

[c] Leaf 

[9] Structure [9] The leaves are isobilateral 


in nature. 


[9] The leaves are dorsiventral 
in nature. - 


[10] Stomata [10] The stomata are present on [10] Stomata present only on the 
both the upper and lower lower epidermis. 
epidermis. 


[11] The mesophyll is distinctly 

i differentiated into piller like 
‘palisade parenchyma and 
round loosely arranged 
spongy parenchyma, having 
greater and lesser density of 
chlorophyll molecules 
respectively. 


[11] Mesophyll) [1 1] The mesophyll tissue is not 

tissue distinctly differentiated into 
palisade and spongy 
parenchyma. 


[12] They are usually present in 
between the spongy paren- 
chyma cells near the lower 

epidermis. 


{12] They are usually present at 
the centre of the mesophyll 
tissue. 


[12] Air spaces 
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ul 


12] 


[3] 
[4] 
[5] 
[6] 
17] 


[8] 

[9] 
110] 
1111 
[12] 
[13] 
[14] 
[15] 
[16] 
[17] 
[18] 


[19] 


[20] 


[21] 
122 
123] 
24 
251 
[26] 
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Largest angiosperm 


Smallest angiosperm 


Largest inflorescence 
Largest cotyledon 
Smallest flower 
Largest flower 
Biggest fruit 


Smallest seed 
Largest spreading tree 


Leaf with the largest diameter : 
: Raphia vinifera (30-5Oft). 

: Musa paradisiaca (Banana). 
: Zoster marina. 

: Hordeum vulgare (Barly). 
Cocos nucifera (coconut). 

: Zea mays (Maize). 

: Oryza sativa (paddy). 


Longest leaf 

Herbaceous tree 

Marine angiosperm 
Oldest cultivated angiosperm 
Tree of heaven 

Crop with the highest yield 
Crop grown widely 

Most advanced families 
Monocotyledonae 
Dicotyledonae 

Most primitive families 
Monocotyledon 
Dicotyledon 

Bhojpatra (plant used for 
writing) 

Saprophytic angiosperm 
Killer weed 

Smallest parasite plant 
Rootless plants 

Plantless roots 

Plants initially terrestrial 
later becoming epiphytic 


13.8. Matters to Recollect 
Angiosperms are the highest evolved plant groups and include the closed seeded 


= 


R RA 


flowering plants. 


Some Important Informations 
: Eucalyptus regnans (375 fi). 


1 


: Wolffia arrhiza 55 ) inch. 


+ Amorphophallus titanum ( 13ft). 

: Capsella bursa pastoris - shepherd's purse). 
: Wolffia microscopica (duckweed) 0.1 m.m. 
: Rafflesia arnoldi (1m. diameter. 7 kg weight). 
: Lodoicea maldivica (double coconut, Wt. 


6kg). 


: Orchis (Wt. 0.004mg). 
Ficus benghalensis. 


Victoria amazonica (diameter, 5-6ft). 


: Orchidaceae. 
: Compositae or Asteraceae, 


: Liliaceae 
: Magnoliaceae. 


: Betula utilis. 

: Monotropa, Neottia. 

: Parthenium hysterophorus. 

: Arceuthobium minutissimum. 
: Utricularia, Wolffia. 

: Sapria, Podostemum. 


: Scindapsus sp. 


There are 3,00,000 species and 12.000 genera all over the world. 
They are mostly photosynthetic in nature, but also can be saprophytic, parasitic. 


epiphytic or symbiotic in nature. 


The origin of angiosperms can be traced from the extinct pteridosperms or living 


Gnetum. 
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The fossil record of angiosperms can be traced back to the mesozoic era. ¢.g. 
Fercula, 

There are141 families under dicotyledons and 34 families under monocotyledons 
as per Bentham and Hooker: 

The angiospermic plant body is differentiated into root, stem and leaves. 

The roots may be tap root system and fibrous root system. 

The stem may be monopodial and branched. 

The stem is woody in shrubs and trees but non-woody in herbs. 

The vascular bundles are conjoint, collateral in the stem but in the root, it is radial 
in nature, 

Secondary growth is usually absent in the root, but present in the stem due to the 
presence of cambium. 

Leaves may be simple or compound with reticulate or parallel venation. 

Leaves have mesophyll tissue, vascular bundles, air spaces and stomata, 

The flowers may be solitary or arranged in the form of inflorescence. 

The inflorescence may be indefinite or racemose and definite or cymose in nature. 
Each flower has 4 whorls, viz., the accessory whorls include calyx and corolla, 
while essential whorls include androecium and gynoecium. 

Sometimes the calyx and corolla are undifferentiated, forming the periunth. 
Angiosperms are divided into two groups, ie „monocotyledons with one cotyledon 
and dicotyledons with two cotyledons. 

The androecium is the male reproductive structure consisting of stamens. 

Each stamen is formed of anther and filament. 

The gynoecium or the female reproductive structure is formed of carpels. 

The carpel consists of style, stigma and ovary. 

The fruits may be simple, aggregate or multiple. 

The simple fruits may be dry or fleshy in nature. 

The seeds may be albuminous as in monocots or exalbuminous as in dicots. 
Monocots are characterized by fibrous root, closed vascular bundles and isobilateral 
leaves. 

Dicots are characterized by tap root, open vascular bundles and dorsiventral leaves. 
Fruits and seed dispersal mechanism present, 
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13.9. Summary 


The angiosperms are flowering and closed seeded plants. Thre are 300,000 living 
species of angiosperms all over the world. There are fossil evidence of angiosperms 
in the mesozoic era. This group of plant is the highest evolved plant, originating 
from the gymnosperms like Gel or, the fossil bennettitales order. According to 
some workers, angiosperms might have also originated from the pteridosperm 
ancestor. The group is divided into 2 major divisions, i.e., dicotyledons and 
monocotyledons, depending on the number of cotyledons. The sporophytic plant 
body is predominant and it is differentiated into root, stem and leaves. The roots 
may be tap root or fibrous root. The stem may be non-woody in herbaceous plants, 
woody in the shrubs and trees. The stem may be monopodial or branched, 
differentiated into nodes and internodes. The leaves are dorsiventral.or isobilateral 


410 A TEXT BOOK OF BIOLOGY 


in nature, with differentiated or Undifferentiated mesophyll tissue. The vascular 
bundles are radial in the root, scattered in monocot stem and arranged in a ring in 
dicot stem. The flowers may be complete with all the 4 whorls of calyx. corolla. 
androecium and gynoecium, it may also be incomplete with the absence of any one 
of the whorl. The flowers in monocot are usually srimerous, i.e, the floral parts are 
in the multiples of three and pentamerous in dicot i.e., the floral parts are in multiples 
of five. Sometimes, the calyx and corolla are undifferentiated and they form the 
perianth lobes, The androecium or the male reproductive structure consists of the 
stamens. Each stamén consists of anther and filament. The gynoecium consists of 
carpels and each carpel is differentiated into stigma, style and ovary. The movement 
of pollen grains from anther to stigma is pollination and the 2 male gametes are 
borne in pollen tube. The fertilization is double and the endosperm is triploid in 
nature, developing after the fertilization. The fruits may be simple, aggregate and 
multiple. The seeds are non-endospermic in dicots and endospérmic in monocots. 
There are regular methods of fruit and seed dispersal. The paddy plant and the pea 
plant are the examples of monocotyledons and dicotyledons, having distinctive 
Characters. 


13.10. Naming / Discovery / Discoverer 


[1] Bentham, G. and Hooker, J. D. (1882) proposed the Natural system of 
classification of Angiosperms. 
[2] Saunders, E. R. (1939) worked extensively on the morphology of Angiospermic 
flowers. J 
[3] Rickett, H.W. (1944) forwarded the detailed classification of Angiosperm 
inflorescence. 
[4] Amer, O. (1946) worked on the evolution of highest evolved group of 
monocotyledons, i.e., the orchids. j i 
[5] Erdtman. G. (1946) worked extensively on the pollen morphology of 
Angiosperms. 
[6] Bailey, L. H. (1947) characterised one of the primitive order of herbaceous 
dicotyledons ië., those belonging to order Ranales. 
7] Canright, J. K. (1954) worked on the comparative morphology of the primitive 
family of arboreal dicotyledons, i.e., Magnoliaceae. 
[8] Andrews, N. (1961) worked extensively on fossil Angiosperms: 
[9] Chopra, R. N. (1965) worked on the development of endosperm in An giosperms. 
[10] Bhojwani, S. S. and Bhatnagar, S. P. (1974) worked on the embryology of 
Angiosperms. 
13.11. Answers to Some Special Questions 
[1] Name a parasitic and saprophytic angiosperm. 
Ans. Cuscuta and Monotropa. 
[2] Name a fossil angiosperm. 
Ans. Fercula. 
[3] State 5 distinctive features of angiospermic plants. 
Ans. Presence of flower, formation of fruit, pollen grains borne in anther, existence 
of double fertilization, formation of triploid endosperm after fertilization. 


1130 
Ans. 


1140 
Ans. 
15 
Ans. 


[16] 
Ans, 
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What is angiosperm ? 

The highest evolved vascular plant producing floWers dnd fruits is called 
angiosperm. 

What are spermatophytes ? 


. The plants bearing seeds like gymnosperms and angiosperms, 


What are phanerogams ? 

All flowering plants are called phanerogams. 

Name a non-endospermic monocot and an endospermic dicot seed. 
Arum, castor, 

Name 3 structures absent in dicot seed, 


„ Coleoptile, coleorhiza, scutellum, 


Name the fruit where fruit coat and seed coat are united. 

Caryopsis of paddy. 

Give the basic feature on which the natural classification of dicotyledonous 
plant is given. m 


„ The characters of petals t.e., free petals or polypetalae, United petals or 


gamopetalae and undifferentiated petals or monochlamydeae, 

Name the most primitive families of dicotyledons and monocotyledons. 
Magnoliaceae, Liliaceae. è m 
Name the most advanced families of dicotyledons and monocotyledons. 
Asteraceae ; Orchidaceae. 

What is the type of leaf in pen? 

‘The leaves are pinnately compound with apical leuflets modified to form tendril. 
What is the type of leaf in paddy ? + 

The leaves are simple, linear with sheathing leaf base. 

State the characteristic features of the fruit of paddy, 

The fruit is caryopsis i.e., simple, dry, indehiscent fruit having fused fruit coat 
and seed coat. 

What is the characteristic feature of the fruit of pea ? 

The fruit is legume i.e, simple, dry, dehiscent fruit with longitudinal line of 
dehiscence. 


ma ma ee EXERCISE MA 222 


@ A. Long Answer type Questions : “ 


11 
121 
BI) 
(4) 
[5] 
16) 
171 


[8] 
191 


State the distinction of external features between dicots and monocots, 
II. E. E. 1985] (Ans. 13.6) 


What is angiospermic plant ? Point out the major differences between dicotyledon and monocot 
plants. (Aus. 13.6) 
Point out the morphological differences between ropt; stem, Jeaves and. seeds of dicot and 
monocot plants, (Ans. 13.6) 
State the external morphological characters of dicots. (Ans, 13.4) 
Mention 5 major distinctive characteristics of angiosperms, (Ans. 13.4) 
Describe the characteristic features of monocotyledonous plant, State the differences that 
exist between dicots and monocots (Ans, 13.6) 
Mention the characteristics of angiosperms, (Ans, 13.4) 
Mention the characteristic features of dicot plants (Ans. 13.6) 

(Ans. 13.2) 


How do the angiosperms originate ? 
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[10] Describe a typical monocot plant, (Ans, 13.6) 
ui Describe a typical dicot plant. (Ans. 13.6) 
[12] Briefly state the morphological and anatomical similarities between dicotyledonous and 

monocotyledonous plants. (Ans. 13.6) 
[13] Briefly describe the fossil records of angiosperms. (Ans. 13.3) 


„ B. Short answer type questions: 
[1] Mention the 4-external morphological characteristics of both dicots and Monocots. 


(Ans. 13.6) 
[2] Explain with the help of labelled diagrams, what is meant by the term dicotyledon: 
(Ans. 13,6) 
[3] State the morphological similarities between monocots and dicots. (Ans, 13.6) 
[4] Mention the differences between flower and seed of dicotyledon and monocotyledon. 
(Ans. 13.6) 
[5] What is angiosperm ? Name one dicot plant. II EE. 1996] (Ans. 13.1, 14.5) 
[6] Mention 4-differences between monocots and dicots. (Ans. 13. 
7 Give the flower character of leaves of dicots and monocots. (Ans. 
[8] Give the flower characterer of monocots and dicots. (Ans. 13. 
[9] _ Mention the reproductive characteristics of angiosperms. (Ans. 13, 
[10] Describe a fossil genus of angiosperm. (Ans. 
Ii What are the characteristics of monocotyledonous and dicotyledonous plants ? 
á (JE. k. 2001] (Ans, 13.6) 
@ C. Very short Answer type: 
[1] Why monocots are so named ? f (Ans. 13.5) 
[2] Why dicots are so named ? (Ans. 13:5) 
[3] Mention the venation types of monocots and dicots. n (Ans. 13.6) 
[4]. Mention the types of roots in monocots and dicots. (Ans. 13.6) 
[5] What is the nature of endosperm in angiosperms 7 (Ans. 13.4) 
[6] What is the structure of flowers in the angiosperms ? (Ans. 13.4) 
[7] What is the pattern of leaf in monocot ? (Ans. 13.6) 
[8] What is double fertilization ? (Ans, 13.4) 
[9] What are open and closed vascular bundles ? (Ans. 13.6) 
[10] When the flowers are called naked ? (Ans. 13.4) 
[11] What do you mean by trimerous and pentamerous flowers. z (Ans. 13,6) 
[12], Name the largest and smallest angiosperms. : (Ans. 13.7) 
[13] Name two crops grown widely and having highest yield. (Ans. 13.7) 
[14] Name the most primitive and advanced families of angiosperms. (Ans. 13.7) 
[15] Name the largest and smallest flower. (Ans. 13.7) 
„D. Distinguish between: 
[1] Adventitious and tap root. (Ans. 13.6) 
[2] Closed vascular bundle and Open vascular bundle. (Ans. 13.6) 
[3]  Reticulate and Parallel venation. (Ans, 13.6) 
[4] " Monocotyledon and Dicotyledon. (Ans. 13.6) 
5 Coleorhiza and Coleoptile. (Ans, 13.6) 
e Palisade and Spongy parenchyma. (Ans. 13.6) 
[7] Pentamerous and Trimerous flowers, (Ans. 13.6) 
[8] Plumule and Radicle. (Ans. 13.6) 
[9] Corolla and Perianth. (Ans. 13.6) 
[10] Endospermic and Non-endospermic seeds. (Ans. 13.6) 
[11] Anatomical differences between Dicot and Monocot. (Ans. 13.6) 
[12] Leaves of Monocot and Dicot. (Ans. 13.6) 


„ E. Write short notes on: 


[1] Embryo of angiosperms. (Ans. 
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[2] Vascular bundles of angiosperms. (Ans. 13.4) 
[3] Roots of angiosperms. (Ans. 13.4) 
{4] Leaves of angiosperms: n (Ans. 13.4) 
[5] Flowers of angiosperms. (Ans. 13.4) 
[6] Fossil angiosperms, (Ans. 13.3) 
[7] Inflorescence of paddy... (Ans. 13.5) 
I8] Fruit of pea. ; 9 . (Ans. 13.5) 
[9]. Systematic position of paddy. (Ans. 13,5) 
[10] Corolla of pea. (Ans, 13.5) 


@ F. Multiple Choice type questions: 
[1]  Angiospermous endosperm is diploid / triploid / tetraploid. 
[2] Angiosperm seeds are naked / covered. 
[3] Cotyledons in monocot are one / two / many. 
aj Cotyledons in dicot are one / two / many. 
Is Type of vascular bundles of monocot is closed / open. 
[6] Angiosperm flowers are with perianth / perianthless / naked. 
[7] Venation of dicot leaves is parallel / reticulate / closed. 
[8] Venation of monocot leaves is reticulate / parallel / closed. i waiting 
[9] Inflorescence of paddy is spikelet / raceme / spadix. 
[10] The most primitive family of dicot is Magnoliaceae / Asteraceae / Liliaceae, 


© G. Fill in the blanks : 
[1] Angiosperm seed is, 
[2] Monocot flower is. 
[3] Dicot flower is. f 
[4] Tapiroot system is found in 
[5] _ Reticulate venation is found in. y 
[6] One cotyledon is found in 
[7] The pea fruit is. A 
[8] Undifferentiated perianth is found in 
[9] The endosperm in angiosperm is 
110] The most advanced family in dicot is 


@ H. Put Y Mark on Yes / No for correct answer: 


[1] Monocots have tap root system. Yes / No. 
[2] Dicots have parallel venation, „ Yes No. 
[3] Monocots have two cotyledons nr ves / No. 
[4] Dicots have the closed type of vascular bundles in stems. van Yes / No. 
[5] Dicot flower is pentamerous. „Ves / No, 
[6] Phylogenetic system of classification was given by Hutchinson. Yes / No. 
[7] The name of parasitic angiosperm is Nepeithèš s. ves / No. 

Yes / No. 


[8] The fruit of paddy is legume. 
[9] The androecium of pea r , 
[10] The dicot seed with endosperm is gram seed. 


Answers to Q. No. F, G, H 


[9] spikelet. [10] Magnoliaceae. 


[8] monocot. [9] triploid. [10] Asteraceae. 
H. II] No. [2] No, I No. [4] No. [5] Yes. [6] Yes. [7] No. [8] No: [9] Yes. [10} No. 


F. [1] triploid. (2) covered [3] one. [4] two. [5] closed, (6) perianth, [7] reticulate, {8} parallel. 


G. lil covered. [2] trimerous, [3] pentamerous. [4] dicot. IS] dicot. [6] monocot. [7] legume. 


Yes / No. 
ves / No. 


Plant Breeding 


Topics Discussed : Definition, significance of plant breeding, Hybridization, Definition, Types/Aims Procedure 
and technique, Emasculation, Bagging, Crossing and Labelling, Harvesting of hybrid seeds. Brief idea of 
breeders kit and tools present in it, Important distinctions. 


14.1. Definition of plant breeding 

Plant breeding is a discipline of applied plant science that deals with the improvement 
of crop plants through the production of hybrid crop plants, which are superior to the 
original plant varieties. 


14.2. Significance of plant breeding 

The process of plant breeding may have the following significances. 

(1) It produces more productive crop plants and there by improves food production. 

(2) It can produce crop plants with superior features like fruit or grain size, vitamin 
content etc. 

(3) It can generate disease resistant crop plants as for example rice plant against 
blight disease, tomato against wilt disease or sugarcane against red rot disease. 

(4) Plant breeding may also lead to the tolerence against extreme dryness or 


wetness. 

(5) It results in the production of new varieties of crop plants. 

(6) It results in the expression of heterosis or hybrid vigour. 

(J) It helps in the stabilization of a character in a particular crop plant. 

(8) It involves the adaptation or acclimatization of a plant species to changing 
environmental conditions. 


14,3. Hybridization 
Tt is. a method by which two plant varieties belonging to two different constitutions 
are crossed together to produce new crop varieties. 


14.3.1. TYPES OF HYBRIDIZATION 
On the basis of the nature of the crop plants crossed, hybridization can be of the 


following types : 
(i) Intra-varietal hybridization : A cross between two plants belonging to the 


same variety. 
(ii) Inter -varietal hybridization : A cross between two plants belonging to different 


varieties. 
(iii) Intra-specific hybridization : A cross between two plants belonging to the 


game species. 
(iv) Inter-specific hybridization : A cross between two plants belonging to two 


different species. 
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(v) Inter-generic hybridization ; A cross between two plants belonging to two 
different genera. 

Among these types, the intra and inter-varietal hybridization are most common but 
the intergeneric hybridization are mostly successful, when both the crop plants belong 
to the same family and is not successful, when they belong to different families, 


14.3.2. AIMS OF HYBRIDIZATION 


The different aims of hybridization are as follows : 

(i) To produce new varieties of crop plants. 

(ii) To bring about variations in a particular group of plants. 

(iii) To combine the good characters of two different plants in a single plant. 

(iy) To exploit the principle of hybrid vigour, i.e., to produce a plant variety, which 
is superior to both the parents. 


14.3.3. PROCESS OF HYBRIDIZATION 


The actual process of hybridization include the following phases, viz., (a) Selection 
of parents, (b) Selfing, (c) Hybridization technique and (d) Harvesting : These phases 
are discussed in the ongoing paragraphs. 

(a) Selection of parent plants : The parental crop plants are selected in such way 
that it is ensured that they are healthy, they should be pure, that is they are not 
contaminated with foreign pollen grains. The desired characters must be present in 
those plants. It can be of 2 different types, i.e., pedigree method and mass selection 
method. 

In the first method, each and every plant up to F3 generation are grown separately, 
which will produce true breeding plant, In the second method, the F, and Ez plants are 
bulked together, so true breeding nature may not always be established. 

(b) Selling of plants: The plants are selfed ile, artificially self-pollinated in order 
to eliminate undesirable characters. In plants showing self-pollination, the process is 
very simple but for those plants, where cross-pollination is possible, they are covered 
with a polythene bag (bagging). 

(c) Method of Hybridization : The process of hybridization involves the steps of 
emasculation, bagging, crossing and labelling, The details of this process are as follows: 

(i) Emasculation : The process of emasculation involves the removal of stamens 
from intact flowers, Hence, cross-pollination becomes inevitable. The process of 
emasculation can be carried out in the following ways : 


) Nas 
7 0 


Fig. 14.1 : Process of emasculation in paddy plant. 


(1) Forceps Method: The process involves the removal of stamens from an intact 
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flower with the help of a pair of forceps or sisson: This it cumied out in large flowers 


— | Tr] _ like paddy, pea er 


(2) Hot water treatment + In 
7 ease of small Mowers like millets, 
| Sorghum, the stamens are too small 


tobe remoyed with the help of 
forceps, hence the panicle Ik dipped 
in warm water ap 45°C for 10 
minutes, which inactivates the 


Fig, 14.2: Hot water emasculation in packdy, anthers, ate 


sterile in nature and cannot produce functional pollen grains, The 

male sterile Jines are obtained by the spraying of artificial 

phytohormones like 2,4-D, N AA erc. Hence, these plants are h 
to be emasculated. 

(ii) Bagging t ‘The male or feimule plants are covered With: 
cellophane, polythene or paper bags to prevent contamination by 
foreign pollen grains in mate plant and cross- pollination in female 
plants. These bags are made porous for the purpose of aeration. 
The bags in case of male plants are removed after the pollen grains 
are shedded off and used for artificial pollination. But in case of | 
female plants, the bags are kept for a longer period. Bagging can 
be of three different types, Le, Covering the entire plant, covering 
the inflorescence or covering a single flower. 

(un Crossing : After the amher gets matured, they shed off the 
pollen grains in the male plant. These are collected in cellophane 


Fig. 14.4 + Different methods of tagging 


lá] 
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bags or peui plates and are rubbed on the stigma of emssvlated female pism by 
removing the bag. After crossing, the bag is again tied and maintained uil seed dee 
is completed. The process of crossing is mostly carried vut ia the morning hours. when 
the stigma is receptive towards pollen grains. ee eee 

W A i it 

— te informations Hike detatts of parent plants, date of 
‘of bagging and croming. field reference member err 

(d) Harvesting of Hybrid seeds : After the seeds are matured, the hags are removed. 


the sceds are harvested and collected in labelled envelope . — 
and used in the next growing season. 


14.4, Breeder's Kit 


A bessde 6 iit conslets of lastroments, which are absolutely estential dos.» plant- 


breeder, it includes a pair of scissors, apait of of bead farce 
— —5— 


A breeders kit has the following use : sH. bi 
2228 ee O anapun 
(i) The forceps ane used for, of pollen grains. 


(iii) The Nattened gde ts used for the purpose of transfer of polica grain 

(iv) The pollen collector of the cellophane bag are used for storing of pollen grain 

(v) Alcohol is used for the purpoie of surface sterilization. 

(vi) The polythene bag and strings are used for the purpose of bagging oF covering 
of the plant or Mower. 

(vii) Brash is used for rubbing pollen grains ag the stigma dure hybridisation 

(viii) The paper tags are tied to the plant directly for writing the detailed informations 


nsn 
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regarding hybridization like the details of parents, date of emasculation, bagging and 


fertilization. 


14.5. Important Distinctions 
(A) Mass Selection and Pure line Selction : j 


Pure line Selection 
(i) The F, and Ez plants are grown indivi- 
dually. 


Mass Selection 

(i) The F, and F; plants are grown 
in bulk. 

(ii) The desired character is always 
expressed. 


(ii) The desired characters are not 
always expressed. 


(iii) It is a more difficult process. 


(iii) It is a comparatively easier process. 


(B)Inter-specific and Inter-generic hybridization : 

Inter-specific hybridization Inter-generic hybridization 

(i) It is formed by the breeding of two 
separate plant species. 


(i) It is the process of breeding of two 
separate genera. 


(ii) It can be carried out easily. (ii) It is a more difficult process. 


(iii) Example Crossing of Raphanus 
sativusand Brassica oleracea to 
produce Raphanobrassica. 


(iii) Example Crossing of Gossypium 
herbacium and G. raremondii 
to produce G. hirsutum. 


(C) Emasculation and Male sterility : 
Emasculation 


(i) The artificial method of removal of 
male reproductive organ is called 
emasculation. 


Male sterility 

(i) The induction of sterility in male plants 
by which it produces sterile pollen 
grains is known as male sterility. 

(ii) Itis induced by treating of plant by 
artificial auxin, like 2, 4-D. 


(ii) It is carried out by cutting of stamen 
or removal of pollen grains with a 
pair of forceps. 


14.6. Matters to Recollect 


Plant breeding brings about improvement of crop plants by hybridization. 
Plant breeding may exhibit hybrid vigour in the progenies. 

It produces disease resistant crop plants. 

Hybridization is the most important tool of plant breeding. 

Hybridization can be intra and inter-varietal, intra and inter-specific, intra and 
inter-generic. 

Aim of hybridization is to produce better quality crop plants. 

Plant hybridization involves the major stages of selection, selfing, hybridization 
and harvesting. 
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Selection can be of two types, ie., mass selection and pure line selection, 
Bagging helps in self-pollination of plants, 

Emasculation is carried out to induce cross-pollination, 

Male sterility in crop plants can be introduced by treatment with 2.4-D or 
NAA. 

Crossing is simply done by rubbing the pollen grains on the stigma. 
Labelling is done by tagging the plant, in which the details of crossing is 
mentioned, 


Breeders kit include a compact set of tools, which is commonly used by the 
breeder, 
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14.7. Summary 


The process of plant breeding is aimed towards development of plant species 
through the process of hybridization. This development is in terms of developing 
the nutritive quality of crop plants, imparting disease resistance, making these plants 
superior to both the parents through the expression of heterosis or hybrid vigour. 
The process of hybridization is brought about by artificial transfer ôl pollen grain 
from anther to stigma. It can be of various types like intra and inter-varietal, intra 
and inter-specific and also inter-generic. The process of plant breeding includes the 
following steps, vie,, selection, selfing, hybridization and harvesting. Selection 
involves selecting a superior variety of plant, it can be of 2 types, viz., mass selection 
and pure-line selection, 

In pure-line selection, the F}, Fz and Fz plants are grown separately, resulting in 
the production of true breeding plants. But in case of mass selection, these plants 
(Fi, Fz and F3) are grown in bulk, as a result of which, sometimes there may not be 
the expression of a paricular trait. Selfing is done to purify a particular character, so 
that it is always expressed, Hybridization involves emasculution. bagging, crossing 
and labelling. Emasculation is a process by Which the male reproductive structures 
or pollen grains are removed from a flower. It can be done by forceps, hot water 
treatment and also by inducing male sterility by artificial plant hormones like N. AA. 
or 2, 4-D etc. Bagging includes covering of the entire plant, entire inflorescence or 
a single flower, so that the pollen grains can be collected and cross-pollination from 
an inferior plant also can be prevented. Crossing involves the rubbing of the desired 
pollen grains on the stigma, so that fertilization is induced. The details of 
hybridization including the dates, variety numbers and other relevant informations 
are stored in the tag. The Ef hybrids are harvested and they exhibit the desired 
characters. A breeders kit includes all the instruments required for fertilization 
including a pair of scissors, 2 pairs of pointed forceps, pollen collecter, cellophane 
bag, needle, scalpel, paper tag for labelling and string. 


14.8. Naming / Discovery / Discoverer 


[1] Anciant Egyptians (5000 B.C.) produced the first hybrid plant. 
[2] N.Grew(1676) demonstrated the structure of ovule and pollen, which ultimatel y 
help us to understand the mechanism of fertilization. 
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T. Fairchild (1717) prepared the first official hybrid plant of wheat. 

L. de Vilmorin (1840) did the first artificial selection of wheat and sugarcane. 
W. J. Beal (1878) increased the yield of corn by hybridization method. 

G. H. Shall and E. M. West (1905) carried out the demonstration of inbreeding 
experiment in maize. 

R. A. Emerson (1909) demonstrated multiple alleles in bean and maize. 

R. R. Gates (1912) showed that heterozygosity was reduced by 50% during 
self-fertilization in crop plants. 

T. H. Goodspeed and R. E. Clausen (1925) produced the first amphidiploid 
plant in the form of Nicotiana digluta. 

A. J. Mangelsdorf (1925) interpreted the cause of self-sterility in Nicotiana. 
L. F. Randolph (1932) successfully produced the tetraploid maize by heat 
treatment. 


14.9. Answers to some important questions 


0] 
Ans. 


[2] 


Ans. 


[3] 
Ans. 


141 
Ans. 


[5] 
Ans. 
[6] 
Ans. 


[7] 
Ans. 


What is meant by heterosis ? 

The phenomenon by which the progeny arising from a hybridization is superior 
to both the parents is known as heterosis or hybrid vigour. 

Name an inter-generic hybrid. 

The hybrid is Raphanobrassica arising from the hybridization of Raphanus 
sativus and Brassica oleracea. 

What are the selection methods ? 


The selection methods are of two types, viz., pedigree selection or pure line 
selection and mass selection. The first process is much better than the latter 
process. 


Why is hot water emasculation employed ? 


In cartain plants like Sorghum, the pollen grains are too small to be collcted by 
a pair of forceps, hence they are rendred ineffective by treatment with hot water 
at 45°C for 10 minutes. 


Name two growth regulators that induces male sterility. 

The two artificial auxins, viz., N.A. A. and 2,4-D induces male sterility. 
What is the purpose of bagging ? 

On one hand, it induces self-pollination, but on the other hand, it prevents 
contamination of emasculated plants by foreign pollen grains. 

What is the purpose of paper tags ? 

Paper tags are used for the purpose of storing relevant informations of crossing 
and emasculation, including their dates, details of parent plants and field 
reference numbers etc. 
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[8] Why is cellophane bag included in breeders kit ? 


Ans. The cellophane bag on one hand helps in the collection of pollen grains and it is 
also used in bagging. 


RA GI es et ee EXERCISE E a a a a a a a a Ea ia 


© A. Long Answer type Questions : 


I Whatisplantbreeding ? How is it carried about ? (Ans. 14.1, 14.3.3) 
[2] What are the significances of plant breeding ? (Ans. 14.2) 
[3] What is hybridization ? What are its different types ? (Ans. 14.3, 14.3.1) 
[4] What are the different stages of hybridization ? Briefly describe them. (Ans. 14.3.3) 
[5] What is breeder's kit ? What are its different uses ? (Ans. 14.4, 14.4.1) 
© B. Short Answer type Questions: 
[1] What is plant breeding? (Ans. 14.1) 
[2] What is hybridization ? (Ans, 14.3) 
[3] What are the aims of hybridization ? (Ans. 14.3.2) 
[4] What are mass selection and pure-line selction ? (Ans. 14.3.3) 
[5] What is emasculation ? (Ans. 14.3.3) 
[6] What is the aim of bagging ? (Ans. 14.3.3) 
[7] What is the purpose of labelling? (Ans, 14.3.3) 
@ C. Very Short Answer type Questions: 
[1] What is the other name of hybrid vigour * (Ans. 14.2) 
[2] What is the ideal method of selection ? (Ans, 14.3.3) 
[3] What is the condition of inducing self-sterility by using hot water ? (Ans. 14.3.3) 
[4] Why the bags used in bagging are made porous ? (Ans, 14.3.3) 
[5] What is pollen collector ? (Ans. 14.4.1) 
® D. Distinguish between: 7 
[1] Bulk selection and Pedigree selection. (Ans. 14.3.3) 
[2] Forceps emasculation and Hot water emasculation. (Ans. 14.3.3) 
[3] Intergenerie and Interspecific hybridization. (Ans. 14.3.1) 
© E. Write Short Notes on: 
[1] Selling (Ans. 14.3.3) 
[2] Selection (Ans. 14.3.3) 
[3] Emasculation (Ans. 14.3.3) 
[4] Bagging (Ans. 14.3.3) 
[5] Crossing in plant breeding. (Ans. 14.3.3) 
[6] Breeder's kit (Ans. 14.4) 


@ F. Multiple choice type questions : 
[1] Plant breeding induces heterosis / tolerence / resistance /all of tham. 
[2] Best method of selection is pedigree selection / random selection / mass selections. 
[3] Self-sterility is induced by auxin / kinetin / gibberellin. 
[4] Hot water treatment is carried out at 45°C / 55°C / 65°C. 


è G. Fill in the blanks : 


11 is the major tool of plant breeding. 
[2] is the other name of hybrid vigour. 
[3] Forceps can be used for removing pollen grains. 
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[4] Removal of pollen grains is also called 8 | 
151 and induces self-sterility in flowering plant. 


@ H. Put Y Mark on Yes / No for correct answer: 
[1] Hybridization improves the quality of fruit. 
[2] Mass selection is the best method of selection, 
[3] Hot water treatment is used in case of Sorghum 
[4] Bagging is done with the help of a porous bag. 


Answers to Q. No. F, G, H 


„ [1] All of them. [2] pedigree selection: [3] auxin. [4] 45°C. 


| (1) Hybridization, [2] Heterosis. [3] large-sized. [4] emasculation. [5] N. A. A. 
[1] Yes: [2] No. [3] Yes. [4] Yes. 
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Classification of Animal Kingdom 


Topics Discussed : Introduction, names of the major non-chordate phyla, definition of each phylum, main 
characteristic features of each phylum, importance of euch phylum, characteristic features of minor non- 
chordata, important differences between the different groups of invertebrates, primary characteristic features 
of chordates; classification-of phylum chordata; comparative aceount of protochordata and vertebrata, 
comparative account of chondrichthyes and osteichthyes, importance of the different classes of vertebrata, 
improtant differences between the different groups of vertebrates, differences between non-chordata und 
chordata. 


1.1. Introduction 


Numerous living organisms are existing on this earth surface. Out of those organisms, 
large number of which are animals. All these animals are collectively formed an animal 
Kingdom. More than a million species of animals have been identified so far. Their 
structure, nature and life processes are full of diversified. Some of them are living in 
water, some are on the land and many of them are in the air ; thus they occupy more or 
less all the media of the earth. Some are acting as a friend io the human being and some 
are enemies to man. To understand this wide nature of animals, the classification of 
animal kingdom becomes an essential part. The classification has been made on the 
basis of their resemblances and relationships. It is impossible for any individual man to 
know in detail about all the animals of the animal kingdom. But the classification will 
help in many respects. Suppose if we study a particular animal of a group, we will be 
able to acquire a general and broad idea about that whole group. Moreover, we will be 
able to understand about the inter-relationship amongst the animals. Thus the inter- 
relationships help us in realisation that the unity is existing amongst the diversified 
animals. However, the classification of animals has been done on the basis of 
characteristics of similarities and differences which have been deduced from their 
morphology, anatomy, cytology, physiology, biochemistry. etc. The animals which 
possess similar characteristic features are placed in a group. Hence the animals are 
grouped together on the path of evolutionary processes that reflect the true relationship 
amongst the animals. This method of division is regarded as a natural system of 
classification. 

© Definition of classification: Classification is defined as the ordering or ranking 
of organisms into groups or sets on the basis of their relationship. 

© Utility of classification : 

(i) By classifying organisms, they are divided into large as well as small groups so 
that one can easily get an idea about the groups and the individual type. 

(ii) There are possibilities of Scientific identification and naming of organisms. 

(iii) Classification helps to understand the process organic evolution. 


1.2. Different types of Animal Classification: The classification of animal kingdom 
now becomes a formidable task. Because the different scientists classify it in different 
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ways. Some scientists classify the animal kingdom on the basis of the number of cells. 
On this basis the animal kingdom is classified into two major sub-kingdoms, such as 
sub-kingdom protozoa and sub-kingdom metazoa. The sub-kingdom protozoa is again 
classified into one phylum which is also known as protozoa but metazoa is divided into 
many major phyla, Protozoan animals are all single-celled organisms and metazoan 


animals are all multicellular, i.e., their body is composed of many cells, 


1.2.1. ON THE BASIS OF NUMBER OF CELLS 
Animal Kingdom 


Sub-Kingdom : Protozoa Sub-Kingdom : Metazoa 
4 4 


Phylum : Protozoa Major 10 phyla 
Again on the basis of absence and presence of notochord, some scientists classify 
the animal kingdom into two major groups, such as Non-chordata or Achordata and 
Chordata. The animals which have no notochord are placed in the non-chordata group 
and the animals that possess the notochord in their body they are placed under the 
group of chordata, 


1.2.2. ON THE BASIS OF ABSENCE AND PRESENCE OF NOTOCHORD 


Animal Kingdom 


e emer 


Non-Chordata (Achordata) Chordata 


Protochordata Vertebrata 


In majority of chordates, the notochord (rod-like elongated stiff-structure on the 
dorsal region of the body) is subsequently replaced by vertebral column and they are 
known as vertebrates. Though in small number of chordates, the notochord is not being 
replaced by vertebral column rather notochord remains as a notochord, and they are 
regarded as protochordates. Hence both the notochord (in small number of chordates) 
as well as vertebral column (in majority of chordates) are observed in chordate group. 
But in non-chordates, notochord and vertebral column both are absent. 


1.2.3. ON THE BASIS OF ABSENCE AND PRESENCE OF VERTEBRAL 


COLUMN 
Animal Kingdom 


Invertebrate Vertebrate 
In the animal Kingdom, vertebral column is absent in the invertebrates but it is 
present in all the animals of the vertebrate group. 
Modern Zoologists have now elevated some of the previously accepted classes to 
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the phylum status. In addition to this, many invertebrate animals have been searched 
out and though many of them have now been placed in the new phyla yet their position 
in the animal kingdom remains in uncertainty.Thus the classification becomes more 
and more complex. However by eliminating the complexity, modern classification is 
presented here. On the basis of this modern classification, the animal Kingdom is divided 
into few major bigger groups or sets. Each of these bigger group is known as phylum 
(Greek word phylon = race ; plural phyla). Each phylum is again divided into classes, 
each class into orders, each order into families and family into genus. Each genus 
consists of one or more species. So we can say that the species is the smallest part of 
classification, ie. species is the unit of classification. Species may be defined as a 
smallest unit of classification where the individuals of a species reproduce within their 
own group for multiplication rather than with other group of individuals. 


1.3. Scheme of Classification 

Non-chordate animals are divided into ten major and some minor phyla. On the 
other hand, all the chordate animals are placed in a single phylum that is known as 
chordata. 


1.3.1. NAME OF THE MAJOR PHYLA OF NON-CHORDATES 
(ACHORDATA) ARE GIVEN BELOW 


[1] Phylum Protozoa 

[2] Phylum Porifera 

[3] Phylum Cnidaria 

[4] Phylum Ctenophora 

[5] Phylum Platyhelminthes 

[6] Phylum Aschelminthes 

[7] Phylum Annelida 

[8] Phylum Arthropoda 

[9] Phylum Mollusca 

[10] Phylum Echinodermata 
1.3.2. CONTROVERSIAL MINOR NON-CHORDATE PHYLA 

1] Phylum Mesozoa 

[2] Phylum Nemertini 

[3] Phylum Acanthocephala 

14] Phylum Entoprocta 

5 Phylum Echiurida 

161 Phylum Sipunculida 

[7] Phylum Priapuloidea 

[8] Phylum Bryozoa 

[9] Phylum. Phoronida 

[10] Phylum Brachiopoda 

[11] Phylum Chaetognatha 

[12] Phylum Pogonophora 


Some important terms associated with animal classification : 
G) Solitary : The animals which live alone. e.g. Tapeworm, grasshopper etc. 
Gi) Colonial : The animals which live in groups, help one another and show social 
life. e.g. bee, ant, termite etc. 
» 
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(iii) Free living : Animals which lead independent life. e.g. horse, dog etc. 

(iv) Gregarious : They live in group but do not help one another. e.g. locust. 

(v) Sessile or sedentary : Animals are fixed to the substratum. e.g. sponges. 
(vi) Parasitic : The organisms living in or on the host. e.g. Taenia, Ascaris ete. 
(vii) Coprophagus : The organisms which eat their faecal matter, e.g. guineapig. 
(viii) Sanguiniyorous : The organisms which feed on blood. e.g. bed bug, leech. 


Asymmetric Radially symmetric Bilaterally symmetrie 


Anterior end 


Dorsal 


Surface 75 AF 


Lateral surface i Ventral surface 


s 8 Spider 
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Planeria 
Right part 


Left part 


Asymmetric part Starfish Equal part 


Fig. I. I: Different type of Symmetry in animals. 

(ix) Protostome : Mouth develop first from embryonic blastopore. e.g. Annelids, 
Arthropods, Molluscs. 

(x) Denterostome : Anus develop first from embryonic blastopore. e.g. 
Echinoderms, Chordates. 

(xi) Radially symmetrical : The body of animal is divisible into two equal halves 
by any plane which passes through the centre from top to bottom. e.g. Jelly-fish, Starfish 
etc. 

(xii) Biradial symmetry : The body of animal can be cut into two similar halves 
by only two vertical planes. e.g. Sea-anemone. 

(xiii) Bilateral symmetry : Body is divisible into two equal right and left halves 
which is cut in a vartical plane passing through the median longitudinal axis. e.g. man, 
rabbit, frog etc. 
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(xiv) Matamerie segmentation: Both segments are both external and internal. 
e.g. Annelids like earthworm. 

(xv) Cold-blooded or 1 Blastopore 

s rchemeron 
poikilothermous or exothermous : 

Body temperature varies according to Ege 
surrounding environment and | 
controlled externally. e.g. Snakes, frogs | 

etc. Organ system level 

(xvi) Warm-blooded or Ar 5 un ae 4 Anus 
homoiothermous or endothermous : 2 5 Vi een 
Body temperature remain constant, 
does not change with the change of 
environmental temperature and 
controlled internally. e.g. birds and 
mammals. 

(xvii) Coelom : Secondary body 
cavity surrounded by mesoderm, found 
in annelids and other higher animals. 

(xviii) Pseudocoelom : Secondary 
body cavity not completely surrounded 
by mesoderm ; found in aschelminthes. 


p Alimentary 


canal 
Mesoderm 


Endoderm 


| | 
Anus Mouth 
Protostomia Deuterostomia 


Fig. 1.2 : Origin of protostomia and deuterostomia. 


1.4. Phylum : Protozoa* 


The term protozoa has been derived from the two Greek words (protos = first, zoon 
= animal). Protozoans are the first group of organised but simplest animals in the 
animal Kingdom. Nearly 30,000 species of unicellular microscopic animals have been 
included in this phylum. Modern Zoologists thought that the higher animals have been 
evolved from the single celled protozoans through the evolutionary processes. Hence 
protozoans are the first group of animals that appear on this earth surface. So they are 
regarded as the most primitive animals in the animal kingdom. They live either in 
water (sweet or saline water) or in the damp soil. Even some of the protozoans are 
parasitic or symbiotic. Although Leeuwenhoek, a Dutch naturalist first observed the 
protozoans under his simple microscope in 1675 but the term protozoa first coined by 
Goldfuss in 1817. 

@ Definition: The animals that are unicellular without any tissue grade of 
organisation but multiply asexually by binary or multiple fission or by budding, in 
some cases sexual reproduction by conjugation are regarded as the protozoans. 


1.4.1. CHARACTERISTIC FEATURES OF PROTOZOA 

[1] The animals that are included under the phylum protozoa are simple and most 
primitive animals. 

[2] They are very minute and microscopic animals, i.e., without the help of 
microscope, protozoans cannot be observed only through our naked eyes. However, 


*According to five kingdom classification, proposed by Whittaker (1969), protozoans are not 
considered as animals and included under kingdom—Protista. 
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foraminiferan protozoans like Globigerina, Elpidium eic are shelled protozoa and 
are macroscopic. 


Fig, 1.3 : Some important animals of the Phylum Protozoa : 

(a) Amoeba proteus, (b) Entamoeba hystolytica, (c) Euglena viridis, (d) Trypanosoma gambiense, 
(e) Monoeystis, (f) Elphidium, (g) Giardia intestinales, (h) Paramoecium caudatum, (i) Noctiluca, 
(j) Plasmodium, (K) Vorticella. 

[3] Their body is made up of single cell, i.e., unicellular animal. In the cell body 
there is a single nucleus though some protozoans possess more than one nucleus. 
Protozoans contain other cell organelles. So there is no development of tissue or organ 
system. Protozoans maintain their all physiological processes only with the help of 
single cell. Hence they are also known as acellular (single cell of a multicellular animal 
is not doing all the functions but performs only a specific portion of a physiological 
process). 

[4] They are solitary ; though in some cases they form colony but the individuals of 
a colony are similar and independent. 
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[5] They are of various shapes ; some species are oval or round, some are cylindrical 
or disc· like. Though irregular shaped animals are also present. 

[6] Generally the protozoans possess definite locomotory organs. Though in some 
species (Monocystis), movement and locomotion is effected by the contaction and 
relaxation of the protoplasm instead of a definite locomotory organ. Most of the 
protozoans are moving from one place to another with the help of definite locomotory 
organs, such as flagella (Euglena, Noctiluca) or cilia (Paramoecium, Vorticella) or 
pseudopodia (Amoeba, Entamoeba). 

[7] In some of the protozoans, cysts (outer protecting covering) are formed during 
extreme condition. 

[8] In protozoa, free-living (Amoeba, Paramoecium), parasitic (Entamoeba, 
Plasmodium) or symbiotic (Trichonympha, Colonympha) nature of animals are present. 

[9] The protozoans take oxygen from the surroundings by diffusion process and 
eliminate carbon dioxide which is produced as a by product of metabolism. 

[10] Contractile Vacuole is present in many protozoans. This organelle helps in 
the excretion of dissolved wastes, specially the excess of water of the body and so it is 
known as osmoregulatory organ (regulate the water content of the body). But generally 
the excretion takes place through the whole body surface. 

[11] Nutrition in protozoans generally takes place by holozoic (Amoeba, 
Paramoecium) process ; but in some cases saprozoic (Ceratium) or holophytic (Euglena) 
even parasitic (Plasmodium, Entamoeba) mode of nutrition also occur. 

[12] In majority of the protozoans, asexual reproduction takes place. Asexual 
may occur by binary or multiple fission even by budding process. In some cases 
(Paramoecium) sexual reproduction occurs by conjugation process. 

Examples: Free living: Amoeba, Euglena, Noctiluca, Paramoecium, Vorticella, 
Opalina ; Parasitic : Monocystis, Entamoeba, Plasmodium, Giardia, Trypanosoma. 

Shelled macroscopic : Globigerina, Elpidium. 


1.4.2. IMPORTANCE OF PROTOZOA 


There is a close relationship between the man and the protozoans. Though some of 
the protozoans are doing harmful effect to man yet some are beneficial to man. These 
are mentioned below. 

[i] In fish culture, some concepts about the protozoans are essential. As for example, 
protozoans, aquatic insect larvae, small crustaceans and fishes form a food-chain. 
Aquatic insect larvae and small crustaceans use the protozoans as their food material, 
again the fishes consume the aquatic insect larvae and small crustaceans as their food 
material. So for food, the fishes depend on insect larvae and crustaceans which are also 
depend on protozoans. Thus we find that the protozoans are playing a very vital role in 
the food-chain. 

[ii] During exploration of oil in the geological layer, the existence of protozoan 
fossil shell is helping to locate the oil field. 

[iii] Many protozoans are used in the laboratory as an experimental material. 
Experiments on protozoans are also going on to investigate the new facts on genetical 
field, in the origin of life even in the principles of physiological processes, 

[iv] Some protozoans create diseases to man, domestic animals, fishes and insects, 
These are regarded as harmful protozoans. Malaria, amoebiasis, diarrhoea, sleeping 
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sickness like diseases in man are caused by Plasmodium, Entamoeba, Giardia, 
Trypanosoma like protozoans respectively. Parasitic protozoans create diseases to 
various types of fishes and thus they cause damage to pisciculture. Larvae of silkworm 
are also'attacked by some protozoans and thus protozoans cause damage to sericulture, 


Some important Protozoa : 
(i) Trypanosoma gambiense — Cause African sleeping sickness, 
(ii) Leishmania donovani— Cause kala-azar Dum-Dum feber. 
(iii) Giardia intestinalis—Cause giardiasis. 

(iv) Trichomonas vaginalis—Cause leucorrhoea, 

(v) Plasmodium spp—Cause malaria. 

(vi) Entamoeba histolytica—Cause amoebic disentry. 


1.5. Phylum : Porifera 


The term porifera (porus = aperture, ferre=to bear) is formed by two Latin words. 
So far 5,000 species are included in this phylum. All these animals are commonly 
known as sponges. Sponges are aquatic animals. Though most of the species are living 
in sea yet few of them are living in fresh or sweet water. Their body contains numerous 
minute apertures or pores. They are all pore bearing animals and hence the name, of 
the phylum has been given Porifera. In the evolutionary scale, sponges are regarded as 
the lowly evolved but they are lowest in the Metazoan multicellular groups of animals, 
Sponges are attached to any submerged hard substratum in the water and they are 
unable to move, rather they possess branches like the plants ; for these reasons they 
were regarded as plants for many centuries. But in the 19th century, Robert Grant, a 
Scotish naturalist specifically proved that the sponges are animals rather than plants, 
They are really animals as they take solid food material and there is free living 
larval stage and the body cells are not surrounded by cellulose wall. Robert Grant 
first introduced the term ‘porifera’. Members of phylum porifera are considered as 
parazoa, due to presence of cellular grade of body organization and lack of tissue 
grade of body pattern. 

Though sponges are made up of many cells, yet the organ-systems have not been 
developed in their body. So their body cells are slightly independent and express their 
own characteristics. Sponges never give rise to the next higher group and so they remain 
as a solitary branch in the evolutionary scale. Hence, due to their own characteristic, 
they are seperated from metazoa and placed in the parazoa by Huxley in 1875, Butschli 
and Sollas in 1884. 

© Definition : Those animals which are attached with the substratum in water, 
multicellular but without any organ-systems and possess numerous minute apertures 
with various types of canals in the body are included in the phylum porifera. 


1.5.1. CHARACTERISTIC FEATURES OF PORIFERA 
[1] All species of the phylum porifera are living in aquatic medium. They are 
generally marine but animals of the spongillidae family are living in sweet or fresh 


water. 
[2] Adult sponges are attached with some submerged material on the substratum 


of water. Although they cannot move from one place to another but their larval stage 
can swim in water. 
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[3] They are solitary or colonial. 

[4] Verieties of sponges are with branches and sub-branches just like the plants. 

[5] They possess ostia, canal system and osculum. Large number of minute 
microscopic pores are distributed on the outer surface of the body and these pores are 
known as Ostia. On the body and body-wall various types of canals are present that 
are collectively called canal system. A big aperture is present on the terminal part of 
the body known as Osculum. 


Fig. 1.4: A few examples of the Phylum Porifera ; 
(a) Leucosolenia, (b) Sycon, (c) Hyalonema, (d) Euspongia, (e) Poterion (Neptune's cup), 
(f) Euplectella (Venus’s flower basket), (g) Microciona, (h) Spongilla, (i) Haliclona, (j) Halichondria. 
[6] Water from the outside, enters to the body through ostia and this water flows to 
the body through the canal system and the water eliminates to the outside of the body 
2253—28 
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through the osculum. This water current caries the food material as well as oxygen 
which is dissolved in water and eliminates waste material from the body. 

[7] Their body is made up of many cells (multicellular) ; cells are loosely arranged 
into two layers in the body and jelly like mesenchyme is present between the two cell 
layers. Important cells of body are choanocyte or collar-cells, porocyte, pinacocyte, 
amoebocyte etc. 

[8] Organ-systems as well as nervous tissue are absent in the body of the sponges. 

[9] Flagellated choanocytes are present in the inner layer of the body. This type of 
cells is present only in the sponges among the metazoan group. 

110] Innumarable number of minute pointed spicules and spongin fibres are present 
in the mesenchyme and they form the frame-work of the body. 

[11] Tremendous regenerative capacity is present in the sponges. 

[12] Sexual and asexual, both types of reproductive processes are present in the 
sponges. Although they have no reproductive organs yet reproductive units (sperms 
and ova) are developed from the special type of cells during the breeding season. In 
sexual reproduction, internal fertilization takes place. Asexual reproduction occurs 
by budding process. 

@ Examples: Spongilla (sweet water), Euspongia (commercial sponge), Hyalonema, 
Sycon (Scypha), Euplectella, Poterion (Neptune’s cup) etc. 


1.5.2. IMPORTANCE OF PORIFERA 


Sponges are variously utilized by man from the pre-historic time. Though at present, 
artificial sponges have been produced yet there is heavy demand of natural sponges. 
Spongia, Euspongia like sponges are utilized for the production of commercial sponge. 
Sponges are used for cleaning the floor, wall, car, furniture and the human body. They 
are also used in various other productions. 

Table 1 : Differences between Protozoa and Porifera : 


PROTOZOA PORIFERA 

1. The body is made up of single cell 1. The body is made up of many cells 

(unicellular). (multicellular). They have branches 
and sub-branches. 

2. They are macroscopic. 


2. They are most primitive and micros- 
copic animal. 

3, Generally the protozoans possess 
definite locomotory organs, such as 
pseudopodia, flagella and cilia. 

4. In protozoans ostia, osculum and canal 

system are absent. 


3. They have no locomotory organ ; 
rather they are attached to the 
substratum of water. 

4. In sponges ostia, osculum and 

canal system are present. 


1.6. Phylum : Cnidaria 


The term cnidaria has been derived from a Greek word (Cnidos = thread). Near 
about 10,000 species are the members of this phylum: The body wall of these animals 
is made up of two difinite cell layers. Hence they are known as diploblastic animals. 
In the animal kingdom, the tissue grade of organization is observed for the first time in 
the cnidarian group. They possess four kinds of tissues more or less like higher metazozn 
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animals. So they are regarded as a true multicellular animals. Though they are higher 
than sponges yet there is lack of definite head, central nervous system, respiratory 
system, excretory system and blood vascular system. 
Previously the phylum coelenterata was divided into two sub-phyla, such as cnidaria 
and acnidaria in which ctenophora was included. Bur modern zoologists, elevated both 
cnidaria and ctenophora into separate phylum status. So the term coelenterata is no 
longer now used. 


Fig. 1.5 : Some important animals of the Phylum Cnidaria : 
(a) Hydra, (b) Pennatula (Sea pen), (c) Gorgonia (sea fan), (d) Carallium rebrum (red coral), 
(e) Aurelia (Jelly fish), (f) Metridium (sea anemone), (g) Obelia, (h) Physalia (Portuguese 
Man of War), (i) Velella. 


` 
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© Definition : Animals that are sedentary or free swimming, diploblastic, tentacles 
with nematocysts, presence of tissue grade of organization but without any organ- 
systems anda central canal with a single aperture as mouth are regarded as the members 
of the cnidarian group. 5 


1.6.1. CHARACTERISTIC FEATURES OF CNIDARIA 


[1] Cnidarians are all living in water. Most of the animals are marine and few are 
sweet water (as Hydra). 

[2] They are solitary or colonial ; either they are attached to certain submerged 
material or free swimming. They are radially symmetričal ( body may be divided into 
two equal halves by cutting into any of the radial plane). 

[3] Cnidarians are all diploblastic animals. Their body wall is composed of two 
definite cell-layers and so they are known as diploblastic. Outer layer of the body is 
calld ectoderm and the inner cell-layer is known as endoderm. Between the ectoderm 
and endoderm there is a non-cellular jelly like substance known as mesoglea. However 
they are acoelomate ( there is no coelom). 

[4] The central cavity of the body which is lined by endoderm is known as 
coelenteron or gastroyascular cavity which may or may not be branched. 

[5] At the terminal part, there is a triangular structure that is regarded as hypostome; 
at the hypostome there is a mouth aperture which is surrounded by tentacles. There is 
no anal aperture ; so the entrance and exit of water, both take place through the 
mouth aperture. 

[6] The body and tentacles are provided with special type of stinging cells on the 
ectoderm and they are known as enidoblasts that contain whip like structure known as 
nematocysts. They are helping mainly in defence and food capturing by paralysing the 
prey. Nematocysts are characteristic of cnidarians. 

[7] They possess ill developed tissue system but there is no development of organ- 
system. 

[8] There is no respiratory, excretory and blood vascular systems. 

[9] There is primitive form of nervous system. Though there is lack of central nervous 
system yet the nerves are arranged in a net-like fashion, i.e., nerve net. 

[10] Digestion takes place both by extracellular and intracellular processes. 

[11] They reproduce both by asexual and sexual methods. Asexual takes place by. 
budding and sexual occurs by sperms and ova. Generally, the animals are unisexual but 
bisexual may occur. 

[12] In the life-cycle, there is ciliated planula larval stage. Generally two phases 
are present, such as sessile, elongated asexual phase of polyp and sexual free floating 
umbrella like medusa. Corals make colonies of polyp. 

[13] In some forms polyp and medusa stages alternate during life-cycle. This is 
known as metagenesis. 

@ Examples: Hydra (sweet/fresh water animal), Obelia (Sea fur), Aurelia (Jelly 
fish), Porpita, Physalia (Portuguese man-of-war), Pilema, Metridium (Sea-anemone), 
Pennatula (Sea-pen), Gorgonia (Sea-fan), Corallium (Red coral), Tubipora (Pipe coral), 
Meandrina (Brain coral), Madrepora (Staghorn coral). 


6 


phoros=to bear). 
ctenophora was first introduced 
a great biologist elevated the 
cnidaria and ctenophora, both t 
Though they have some similarities 
between the cnidaria and ctenophora. Cnidari 
wall but three cell-layers are present in the 
with nematocysts are existing in the cnidarians 
ctenophora. By observing the above fundamenial differences, 


1.7. Phylum : Ctenophora 
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1.6.2. IMPORTANCE OF CNIDARIANS 


Some species of the phylum cnidaria are producing corals. 

(i) Corals are deposited on the ocean to form island. Human beings are inhabiting 
on these coral islands. (ii) Corals of various types are used for decorating the house. 
Gii) Corals are also used as ornaments. (iv) Coral zones are indicating about the 
accumulation of petroleum. (v) Cnidarians are utilized as research materials. 


Table 2 : Differences between Porifera and Cnidaria : 


PORIFERA 


Body cells are loosely arranged into | 1. 
two layers. 

Flagellated choanocytes are present 2. 
in the inner layer of the body. 

Spicules or spongin fibres form the | 3. 
frame work of the body. 

Canal system is present. 4. 


Nematocysts are absent. 
There is no nerve-net like structure. 


CNIDARIA 


Their body wall is made up of two 
definite cell-layers (diploblastic), 
They have no choanocytes. 


Jelly-like mesoglea is present in 
between the two layers of the body. 
Gastrovascular system is present. 
Whip-like nematocysts are present. 
Primitive form of nerve-net is present. 


The name ctenophora has been derived from two Greek words (Ktenos=Comb, 


accepting them as two separate phyla. 
© Definition: Animals that are marine, floating as solitary one, jelly-like transparent 


body with longitudinal ciliated comb plate without 


ctenophora. 


Near about 100 species are included in this phylum, The name 
in 1829 by a naturalist known as Eschscholtz. Hatschek, 
ctenophora into a phylum status in 1888. Previously 
he groups were included under the phylum coelenterata. 
yet much basic dissimilarities are also existing 
ians have two cell layers in their body 
body wall of ctenophora. Cnidoblasts 


but nematocysts are absent in the 
modern zoologists are 


any nematocysts are known as 


Fig. 1.6 : Some important animals of the Phylum Ctenophora : 


(a) Beroe, (b) Pleurobratchia, (c) Ctenophora, (d) Hormiphora, 
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1.7.1. CHARACTERISTIC FEATURES OF CTENOPHORA 


[1] All members of this phylum are marine and solitary. 

[2] Their body is soft, transparent, biradially symmetrical and jelly- like. 

[3] The body is surrounded by eight ciliated comb plate that are equidistant and 
longitudinally placed, Cilia of the Comb plate are helping in locomotion, 

14) Tentacles if present are two in number. They are solid and retractile. 

[5] Nematocysts are absent ; but the tentacles are provided with special type of cells 
known as Lasso cells or colloblast, The are helping in food capturing. 

16) There is mesenchyme with muscle fibres that is being situated below the 


ectodermal layer ; hence they are regarded as triploblastic animals. K 
17) Though they are triploblastic yet the coelom is absent in their body. 
(8] Excretory, respiratory and blood vascular systems are absent. „ 


[9] Nervous system is loosely arranged with an aboral {opposite end of mouth 
aperture) sense organ, 

[10] They are all hemaphrodite and asexual reproduction is absent. Alternation of 
generation is not found. 

© Examples : Hormiphora, Beroe, Pleurobrachia Cestum (Venu’s girdh) erc. 

1.7.2. IMPORTANCE OF CTENOPHORA 

They are not doing any direct benefit to man but many of the species are utilized in 
research work. 


Table 3 : Differences between Cnidaria and Ctenophora : 
CNIDARIA 


hey are diploblastic animals. . They are triploblastic animals, 
2. Cnidoblasts with nematocysts are | 2. Nematocysts are absent but lasso cells 
present. (colloblast) are present. 
3. Ciliated comb plates are absent. 3. Ciligted comb plates are present on the 
outer surface of the body. 


4. Polyp and medusoid forms are present. | 4, Polyp forms are absent. 
5, Asexual and sexual both types of | 5. Only sexual reproduction is present. 


reproduction are pres 


1.8. Phylum : Platyhelminthes 

The term platyhelminthes has been derived from two Greek words (platy=flat, 
helminthes=worm). Approximately 10,000 species of worms have been included in 
this phylum: Their body is dorso-ventrally flat, hehce they are commonly known as 
flatworms, Most of the species of this phylum are parasites cither to man or other 
animals, They are all triploblastic animals. The name platyhelminthes was first 
introduced by Gegenbaur in the year of 1859. 

© Definition : Animals which are triploblastic acoelomate, dorso-ventrally flat 
with primitive form of excretory system but without any blood vascular system and 
mesoderm with parenchymous tissue are known as platyhelminthes. 


i 
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Fig. 1.? : Some animals of the Phylum Platyhelminthes : 
(a) Echinococcus granulas. (b) Planaria, (e) Fasciola heparica, (d) Taenia sothan. 


1.8.1. CHARACTERISTIC FEATURES OF PLATYHELMINTHES 


[1] Generally, the body is segmented and exhibit bilateral symmetry (body can be 
divided into similar left and right halves in only one plane). 

[2] The body le Nat just like the tape or leaf and there is a head on the anterior part 
of the body generally with sucker, So they are commonly known as flatworms, 

I Most of the species are endoparasite and few are free living. 

[4] They are really triploblastic that contain ectoderm, endoderm and mesoderm, 
The organs are developed from those three germinal layers. They are acoelomate. 

[5] Their digestive system is absent (parasitic tapeworms) or incomplete (liver- 
fluke). In case of incomplete one, there is no anal aperture and alimentary canal may be 
branched. 

[6] The excretory system consists of branched ant sub-branched canals with 
specialised flame cells, 

[7] Simple type of nervous system is present. There is a pair of nerve cords that run 
along the ventral side of the body, Le., presence of ventral nerve cord. 

[8] Blood vascular system and respiratory system both are absent in platyhelminthes. 

(9) They can regenerate and reproduce asexually, They also reproduce sexually, 
They are hermaphrodites (male and female sex cells are produced by the same 
individual) yet cross-fertilization occurs rather than scit-fertilization. 

[10] Generally, more than one larval stages occur in their life-cycle. 
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© Examples: Planaria (Free living), Fasciola hepatica (Liver fluke), Taenia solium 
(Pork tapeworm), Taenia saginata (cow tapeworm), Echinococcus granulosus (Dog 
tapeworm), Hymenolepis nana, Schistosoma (Blood fluke) eic. 


1.8.2. IMPORTANCE OF PLATYHELMINTHES 


Many species of this phylum live as parasites to man and other domestic animals. 
As aresult, these parasites cause harmful effect, even death may occur to the man and 
other domestic animals. Flatworms are also helping to understand animal evolution. 


Table 4 : Differences betwewen Ctenophora and Platyhelminthes : 


CTENOPHORA PLATYHELMINTHES 


1. There is mesenchyme as there I. There is mesoderm as third germinal 
germinal layer. layer. 

2. There are ciliated comb plates on the |2. Ciliated comb plates are absent. 
outer surface of the body. 

3. The body is soft, transparent and jelly- 
like. 

4. There are no specific head and flame 

cells. 
. They are free floating marine animals. 


3. The body is flat more or less ape or 
leaf-like. 
4. There are specific head and flame cells 
as an excretory organ. 
They are mostly parasitic. ' 


1.9. Phylum : Aschelminthes (Nematohelminthes) 

The term Aschelminthes has been derived from two words (Askos=cavity, helmins 
= worm). About 12,000 species are known in this phylum. Grobed, a Zoologist first 
introduced the term Aschelminthes. Though there are many similarities amongst the 
members of this phylum yet many differences are also existing. Hence, some zoologists 
have elevated each of the five classes (Nematoda, Nematomorpha, Rotifera, Gastrotricha, 
Kinorhyncha) of Aschelminthes into independent phylum status. Previously, the class 
Nematoda (round worm) was included under the phylum nematohelminthes which is 


nolonger used now. 
© Definition: Animals that are unsegmented, bileterally symmetrical, triploblastic 
but pseudocoelomate are included under the phylum Aschelminthes. 


1.9.1. CHARACTERISTIC FEATURES OF ASCHELMINTHES 

[1] Most of the round worms are leading their life as endoparasites inside the 
body of other animals and plants ; some of them are free living either in water (fresh- 
water or saline water in sea) or in moist soil. ` 

[2] They are unsegmented, cylindrical and bilaterally AN, 

[3] The body is triploblastic and pseudocoelom (coelom is not lined on all sides by 
tissue dveloped from the mesoderm) or false coelom is present. 

[4] The body is covered with cuticle. 

[5] Their alimentary canal is elongated and straight which contains mouth and anal 

apertures both are situated at the two terminal ends. . 
[6] Blood vascular system and respiratory system both are absent in their Body 


CLASSIFICATION OF ANIMAL KINGDOM 441 


@ Examples : Ascaris, Ancylostoma (Hookworm), Wuchereria (Filaria worm), 
Enterobius, Echinoderes, Trichinella etc. 


bist 


9 (o) 
> ask male 
(e) 


ſemale 


Fig. 1.8 : Some parasitic animals of the Phylum Aschelminthes: 
(a) Ascaris lumbricoides (roundworm), (b) Ancylostoma duodenale (hookworm), (e) Trichinella 
spiralis (d) Trichuris trichiura (whipworm), (e) Wuchereria bancrofti (filarialworm), 


1.9.2. IMPORTANCE OF ASCHELMINTHES 


Many roundworms attack plant roots as well as many others live as an endoparasites 
in man and domestic animals. They (filarialworm, hookworm, pinworm) cause various 
types of diseases to man. Thus they cause serious problems in agriculture, veterinary as 
well as human health. f 

Table 5 : Differences between Platyhelminthes and Aschelminthes : 


PLATYHELMINTHES ASCHELMINTHES 


The body is flat so they are known as | I. They are round and elongated. 

flatworms. 

2. Generally they are segmented. 2. They are unsegmented. 

3. Though they are triploblastic but they 3. They are triploblastic and false coelom 
are acoelomate. (pseudocoelom) is present. 

4. Their alimentary canal is either absent | 4. Their alimentary canal is straight with 

or incomplete. mouth and anus. 


1.10. Phylum : Annelida 


The name annelida has been derived from a Latin word (annelus=ring). Near about 
8,700 species are included in the phylum annelida. The body of the animal is made up 
of large number of segments and each one looks like a ring ; these ring-like segments 
are arranged one after the another. Hence the name has been given annelida. The term 
annelida was introduced by a great naturalist, Lamarck. The animals of this phylum 
are living in sea or fresh water or on land. They are mainly free living though parasitic 
animals are also present. ‘ 
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Definition: Animals that are metamerically segmented, coelomate and covered 
by soft cuticle are known as annelids. 


Fig. 1.9 ; Some animals of the Phylum Anaelida : 
(a) Pheretima posthuna (earthworm), (b) Nereis (sandworm), (c) Hirudinaria granulosa (leech), 
(d) Chaetopterus, (e) Terebella. 


1.10.1. CHARACTERISTIC FEATURES ^F ANNELIDA 


[1] Majority animals of the phylum annelida are aquatic either marine or freshwater 
and some of them are terrestrial. 

[2] Generally, their body is elongated and cylindrical. 

[3] The body is formed by many segments ; segments are externally marked and 
are internally divided by partitions, i.e., metamerically segmented. 7 

[4] Their body cavity is lined on all sides by tissue which is developed from the 
mesoderm, so this cavity is regarded as true coelom, i.e., true coelom is present. The 
coelom contains a fluid which is known as coelomic fluid. 

[5] Their body is bilaterally symmetrical. 

[6] Locomotory organ, if it is present, generally one pair of lateral appendages 
in each segment known as parapodia (Nereis) or many microscopic setae (in 
earthworm) on the ventral surface. 

7] Definite organ-systems are present; animals possess more evolved type of 
digestive system than the Aschelminthes. The alimentary canal is extended from mouth 
to the anus as a straight tube. 

[8] A closed blood vascular system with a ‘heart’ is found for the first time in 
annelids in the animal kingdom. Circulatory system of blood contains haemoglobin 
which is dissolved in plasma ; so the colour of blood becomes red. i 

[9] Excretory organs are nephridia (sing : nephridium) and they are paired in each 
segment. 

[10] Generally, respiration takes place through moist skin ; though in some cases 
gill-like respiratory organ is present. 
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[11] Nervous system is developed than the Aschelminthes. The nervous system is 
composed of ganglia (sing : ganglion ; ganglion is a collection of cell bodies of neurones) 
and ventral nerve cord. 

+ [12] The sexes are separate or hermaphrodite (earthworm, leech) but perform 
cross-fertilization. Generally, trochophore like larval stage is found in the life-cycle 
of annelids. í 

Examples: Nereis, Aphrodite (Sea mouse), C haetopterus, Sabella, Pheretima 
(Earthworm), Tubifex, Hirudinaria (Leech), Polygordius etc. 


Some important annelids : 

Scientific Name Common Name 
Pheretima Earthworm 
Nereis (Neanthes) Ragworm. 
Aphrodite Sea mouse 
Polynoe Scaleworm 
Chaetopterus Paddleworm 
Arenicola Lugworm 
Sabella Peacock worm 
Pontolodella Skate-sucker 
Hirurdo Medicinal leech. 
Hirudinaria Cattle leech. 
Sipunculas £ j Pea-nut worm 


1. 
2. 
3 
4. 
5: 
6. 
Ja 
8. 
9 
0. 
1. 


1.10.2. IMPORTANCE OF ANNELIDA 


Some species of this phylum are beneficial to man. Earthworms by their mode of 
feeding, cultivate and aerate the soil. So they increase the fertility of soil. 


Table 6 : Differences between Aschelminthes and Annelida : 


ANNELIDA 


The body is elongated and metameri- 

cally segmented. 

2. The body contains true coelom, 

3. They possess blood vascular system, 
respiratory system and excretory 
system. 

4. Their nervous system is well 
developed with ganglia and ventral 
nerve cord. 

5. They are either unisexual or 

hermaphro dite. 


ASCHELMINTHES 


The body is cylindrical 

unsegmented. 

2. The body contains pseudocoelom. 

3. They never possess blood vascular 
system, respiratory system and 
excretory system. 

4. Their nervous system is ill developed. 


and 


5. They are unisexual. 


1.11. Phylum: Arthropoda 


The term arthropoda has been derived from two Greek words (arthros = jointed, 
podos=foot). Approximately 7,50,000 species are so far included in the phylum 
arthropoda. This is the biggest phylum in relation to the number of species. As their 
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legs are jointed, they are known as arthropods. They are existing practically in all the 
spheres of the earth. They are living either in water (sea or fresh water) or in terrestrial 
environment ; even they are adapted in the air. Some of the animals specially some 
insects have developed a highly organised social life. The term arthropoda was 
introduced by Von Siebold in 1845. + 

© Definition : Animals that are externally segmented, covered by hard chitin, 
coelomate with jointed appendages are known as arthropods. 


Fig. 1.10 : Some animals of the Phylum Arthropoda : 
(a) Palaemon (prawn), (b) Cancer (crab), (c) Butterfly, (d) Scolopendra, (e) Limulus, (f) Spider, 
(g) Grasshopper, (h) Hermit crab, (i) Peripatus, (j) Buthus (Scorpion), (k) Anopheles, (1) Culex, 
(m) Musca (Housefly), (n) Periplaneta (cockroach). 


1.11.1. CHARACTERISTIC FEATURES OF ARTHROPODA 


[1] Arthropods are bilaterally symmetrical with segmented body. The segments are 
not internally divided by septa. * 
[2] There is specific head; generally the body is divided into head, thorax and 
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abdomen (as in insects). In some cases (prawn, crab, spiders), the head and thorax are 
fused to form cephalothorax. i 

[3] The body is covered by hard and dead cuticle as an exoskeletal structure ; moulting 
of cuticle takes place during growth period. 

[4] There is compound or simple eyes. The compound eye is made up of many 
small units, each unit contains lens. So there is formation of several separate images. 

[5] In arthropods, three to many pairs of externally jointed legs are present, as in 
insects three pairs, in spiders four pairs in prawns five pairs etc. 

[6] There is well developed alimentary canal with mouth and anus on two opposite 
ends of the body. 

[7] The coelom is highly reduced that is filled up with a blood fluid ; hence the 
coelom is known as haemocoel. 

[8] The blood vascular system is open type ; Heart is situated on the dorsal side of 
the body ; capillaries are absent. 

[9] Arthropods possess various types of respiratory organs, such as gill (prawn), 
book-lung (scorpion), trachea (insects). 

[10] There are different kinds of excretory organs, such as green gland (prawn), 
coxal gland (scorpion) and malpighian tubules (insects). 

[11] There is central nervous system which consists of brain and ganglionated ventral 
nerve cord. 

12] Sexes are separate. Sexual dimorphism is observed; there is internal 
fertilization though external fertilization is seen in a few aquatic arthropods. Generally, 
larval stages are present in the life-cycle. Larva transforms into an adult by 
metamorphosis. Young grows by moulting (ecdysis). 

Examples: Palaemon (prawn), Cyclops, Daphnia, Cancer (crab), Julus 
(millipede), Limulus (king crab), Peripatus, Apis (honey bee), Leptocorisa (rice bug), 
Bombyx (silkworm), Anopheles (mosquito), Musca (housefly), Periplaneta (cockroach), 
Lepisma (silver fish : Common name is given due to its glistening silver-white, fish- 
like body). 


Some important insects 


(A) Harmful Insects : 
(a) Harmful for agriculture : 


(i) Scirphophage damage rice plant. 
(ii) Tribolium most common grain eater. 
(iii) Pyrella damage sugarcane. 
(iv) Agrotis damage potato crop. 
(v) Leuciuodus damage brinjal crop. 
(b) Household pests : 
G) Microtermas (Termite) damage wood, book etc. 
Gi), Lepiswa (Silver fish) damage books and manuscripts. 
(iii) Ichneumon (cloth moth) destroy warm cloth. 
(iv)  Periplanata (Cockroach) contaminate food. 
(c) Disease carrier insects : 
G) Glossina (Tse-tsefly) carry Trypanosoma which cause 


African sleeping sickness. 
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(ii) Cimex (bed bug) 


(ii) Anopheles (mosquito) 
(iv) Culex (mosquito) 
(v) Aedes (mosquito) 
(vi) Musca domestica (housefly) 


(vii) Pasteurella pestis (Teak) 
(B) Useful insects: 
(i) Bombyx mori (Silk moth) 
(i) Laccifer lacca (Lac insect) 
Gii) Apis (Honey bee) 


transmit organisms of plague, typhoid 
etc. 

spread malaria. 

spread filaria. 

spread dengu fever. 

spread typhoid, diarrhoea, amoebic 
dysentry, cholera etc. 

transmits bubonic plague. 


produce commercial silk. 
produce lac. 
produce honey and wax. 


Bees, wasps, moth, butterfly etc., are good pollinators as for important crops. 


1.11.2. IMPORTANCE OF ARTHROPODA 


Many arthropods are beneficial as well as many are harmful to man. Hence on 
economic point of view there is a close relationship between man and arthropods. 
Prawn, lobster, crab etc., are used as delicious food to man. The products of arthropods 
such as honey, bee wax, lacca, silk fibre are beneficial to the human society. Moreover 
pollination of plants are mainly done by insects. 

However some arthropods are acting-as a vector of the diseases, as a result man and 
the domestic animals are affected, Even some arthropods are damaging to the crops in 
the field as well as to food-grains that are stored in the godown. 


Table 7: Differences between Annelida and Arthropoda : 


ANNELIDA 


The body is coverd by soft glandular 
skin and there is no ecdysis. 
The body is metamerically segmented. 


Annelids possess unsegmented 
locomotory organs like setae and 
parapodia. 5 
Annelids possess nephridia as an 
excretory organ. 


There is no haemocoel. 

There is closed blood vascular system. 
Generally skin acts as respiratory 
organ though in some cases gill-like 
respiratory organ is present. 

Sexes are either separated or 
hermaphrodite and trochophore larval 


stage is generally observed. 


ARTHROPODA 


The body is covered by thick, hard 
chitin and growth occurs by ecdysis. 
There is external segmentation instead 
of metamerically segmented. 
Arthropods possess segmented and 
jointed legs as locomotory organs. 


Arthropods possess green gland, coxal 
gland and malpighian tubules as 
excretory organs. 


Haemocoel is present. 

There is open blood vascular system. 
Respiratory organs are gill, book-lung 
and trachea. 


Sexes are separate ; sexual dimorphism 
is observed and larval stages are 
present. 
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1.12. Phylum : Mollusca 


The term mollusca has derived from a Latin word (mollis=soft). This phylum includes 
near about 80,000 species. This is the second largest phylum after the arthropoda. 
Soft and unsegmented bodied animals are the mollusks. Many mollusks are covered by 
hard shells. Various forms of shell and its colouration attracted man from many centuries, 
They are mostly living in water and some are terrestrial. Aristotle (384-322 B.C.), a 
Greek philosopher and naturalist first introduced the term mollusca. 

© Definition : Those animals that are unsegmented soft bodies, covered by thin 
membranous mantle with muscular ventral foot and generally covered by hard shells 
are known as mollusca. 


Fig. 1.11 ; Important animals of the Phylum Mollusca : 
(a) Pila (Apple snail), (b) Achatina (Land snail), (c) Lamellidens (Oyster), (d) Solen, (e) Octopus 
(f) Loligo (squid), (g) Sepia, (h) Chiton. 


1.12.1. CHARACTERISTIC FEATURES OF MOLLUSCA 
[1] Most of the species are marine or in fresh water though small number of species 
are terrestrial. 
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[2] Their body is soft and unsegmented ; unsegmented appendages are also present, 
[3] In majority species, the soft body is externally covered by hard shells and in 


some species the shell is internal. 


[4] Their visceral mass is covered by a thin membranous structure known as 


mantle. 


[5] Generally there is a muscular foot on the ventral side of the body. 


[6] Generally there is a head with tentacles. 


[7] Their respiratory organs are ctenidium and pulmonary sac. 


[8] Their excretory organ is known as kidney. 


[9] Generally open type but in some cases closed type of blood vascular system 
occur. Generally haemocyanin like respiratory pigment is present. 
[10] Ganglia with connectives and commissures are prominent in the nervous system 


of mollusca. 


[11] Sexes are separate, though hermaphrodite animals are also available. External 
and internal, both types of fertilization occur in mollusca. 

[12] In some species, glochidium and veliger larval stage occurs in the life-cycle. 

[13] Excretion by kidney and organ of Bojanus. 

Examples: Chiton, Dentalium (elephant’s tusk-shell), Mytilus (sea-mussel), 
Pinctada (pearl-oyster), Solen (razor mollusca), Lamellidens (freshwater mussel), Pila 
(snail), Achatina (land snail), Patella, Sepia (cuttle fish), Loligo (squid), Octopus (devil 
fish), Nautilus, Aplysia (sea-hare), Teredo (shipworm). 


Some important Mollusca 


Common Name 
(i) Sea mice 
(ii) Tusk-shell 
(iii) Limpet 
(iv) Apple snail 
(v) Sea lemon 
(vi) Sea hare 
(vii) Land snail 
(viii) Slug 
(ix) Sea: butterfly 
(x) Fresh water mussel 
(xi) Sea mussel 
(xii) Edible oyster 
(xiii) Pearl oyster 
(xiv) Shipworm 
(xv) Roꝛor clam 
(xvi) Cuttle fish 
(xvii) Squid (Sea-arrow) 
(xviii) Devil fish 
(xix) Giant squid 


1.12.2. IMPORTANCE OF MOLLUSCA 


Scientific Name 
Chiton 
Dentalium 
Patella 

Pila 

Doris 

Aplysia 

Helix / Achatina 
Limax 

Pteropod 

Vnio 

Mytilus 
Spondylus 
Pinctada 

Teredo 

Solen 

Sepia 

Loligo 

Octopus 
Architenthis 


Intimate relationship has been developed between the man and mollusca since pre- 
historic ages. From many centuries, snail and mussels are utilized by man as food 


accidentally in pearl oyster is used by man 
ete: are prepared from the shell of mussels as well-as conch, ring ete:, are prepared 
from the shell of snails. Téredo, a marine s 
which is commonly known as ‘shipworm,” 
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material and in some places it bocomes a delicious food; Pearl which is formed 
for ornamentation, Button, handle of knife 


pecies of mollusca causes damage to ship 


Table 8 : Differences between Arthropoda and Mollusċa ; 


ARTHROPODA 
Arthropods are externally covered by | 1. 
hard chitinous cuticle. 

The body is externally segmented, 
Arthropods possess jointed legs. 
Respiratory organs are gill, book. jung 
and trachea, ~ 

Excretory organs are green gland, 
coxal gland and malpighian tubules, 
The mantle is absent. 


Different types of larvae (Mysis, Loea 
etc.), are present in the life-cycle. 


MOLLUSCA 


Molluscs are generally covered by 
hard shell. 

The body is soft and unsegmented. 
There is unsegmented muscular foot, 
Respiratory organs are ctenidium and 
pulmonary sac. 

Excretory organ is kidney. 


The visceral mass is covered by 
mantle, 

Veliger and glochidium larval stage 
occurs in some cases, 


1.13. Phylum : Echinodermata 


The name echinodermata has been derived by the combination of two Greek words 
(echinos =spiny, dermatos = skin). As their body is covred with spines so the name of 
the phylum has given Echinodermata. Near about 5,300 species are included in this 
phylum. They are all marine. The echinoderms are closely related to chordates, The 
term echinodermata was first introduced by Jocob Klein in 1734. 

® Definition : The animals which are radially symmetrical with five arms, spiny 
body along with the tube feet in water vascular system and presence of coelom with 
calcareous ossicles as endoskeletal structure are known as echinoderms, 


1.13.1. CHARACTERISTIC FEATURES OF ECHINODERMATA 


[1] All animals of this phylum are free living in ocean. 

[2] Adults are radially symmetrical but their larvae are bilaterally symmetrical. 

[3] Varied shapes and sizes of animals are available in echinodermata, such as star- 
shaped, feather-shaped etc. 

[4] The skin is provided,with spines and contains calcareous plates. 

[5] Animals are provided with a mouth on the lower surface and an anus on the 
upper side. : 

[6] The most distinctive feature of animals is thë prsence of water-vascular system. 
It consists of radiating canals and tube-like appendages that are known as tube feet, 
The tube feet are extended to the outside or retracted inside the body. The main function 
of the water vascular system is the locomotion and the capture of food. 

[7] They have no proper circulatory system and respiratory system. 

[8] Echinoderms have a central nerve ring with a branch extending into each arm. 

[9] They are generally unisexual ; fertilization takes place externally in the saline 
water of sea. 


2253—29 
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[10] Different types of larvae (Auricularia, Bipinnaria, Brochiolaria etc.), are present 
in the life-cycle of echinoderms. 


Fig. 1.12 : Some important animals of the Phylum Echinodermata : 
(a) Asterias (Starfish), (b) Echinus (Sea-urchin), (c) Antedon (Feather star), (d) Isocrinus (Sea-lily), 
(e) Clypeaster (Cake urchin), (f) Cucumaria (Sea cucumber). 

@ Examples : Asterias (starfish or seastar), Cucumaria (sea cucumber), Echinus 
(sea urchin), Echinocardium (heart urchin), Clypeaster (sand dollar), Ophiura (brittle 
star), Antedon (sea-lily or feather star), Pentaceros (sea-pentogon), Ophithrix (Brittle 
star), Gorgonocephalus (Basket star) etc. 


1.13.2. IMPORTANCE OF ECHINODERMATA 


Some countries of the world are using sea-cucumber as well as eggs of sea-urchin 
as their food material. Starfish and sea-urchin are also used as an experimental material 
by the biologists. 

Table 9: Differences between Mollusca and Echinodermata : 
MOLLUSCA ECHINODERMATA 


They are marine or fresh water or |1. They are all marine. 
terrestrial. 
2. They are either asymmetrical or 2. They are radially symmetrical. 
bilaterally symmetrical. 

Generally they are covered by shell. 
Water vascular system is absent. 
There is muscular foot. 

Their visceral organ is covered by 
mantle wall. 


They are covered by spines. 

There is water vascular system. 
There is tube-feet as locomotory organ. 
There is no mantle wall. 


e 
OS ESO 
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1.14, Some Controversial Minor Phyla Of Non-Chordate Group 

In addition to the animals of the above major phyla, there are still existing some 
invertebrate animals that are creating some controversy in regard to their exact position 
in the animal kingdom. Though they are in small numbers yet they possess various 
kinds of characteristics of its own. So on the basis of their characteristics, they are 
separated and are placed in their respective phyla. These minor phyla are described 
below. 

1.14.1. PHYLUM—MESOZOA 

The term mesozoa has been derived from two Greek words (mesos = middle, zoon 
= animal). Only 50 species are so far included under mesozoa. Structurally they are in 
between the protozoa and true metazoa. Hence they are regarded as a side branch of 
the primary metazoa. But in the recent time, zoologists are of opinion that they are one 
kind of modified flatworm. 

[1] Mesozoan animals are smaller in size and they are multicellular but endoparasitic 
animal, 

[2] Their outer cell-layer of the body is provided with cilia, 

[3] Endoderm and mesoglea both are absent. 

[4] Reproductive cells are present inside the ciliated cell layer. 

Examples : Rhopalura, Dicyema. 


1.14.2. PHYLUM—NEMERTINI 


Animals of this phylum probably have evolved as an off shoot of free living 
flatworms. This phylum contains nearly 560 species. 

[1] They are mainly marine but some of them are in freshwater even some are 
terrestrial. 

[2] They are unsegmented, elongated and freeliving. 

[3] There is a proboscis infront of the mouth and it helps to capture food material. 

[4] Their branched instestine opens to the anus which is situated at the posterior 
end of the body. 

[5] There is a closed vascular system and the excretory system contains flame cells. 

[6] Generally they are unisexual and the larval stage may be present in the life- 
cycle. 

Examples : Tubulanus, Lineus, Prostoma. 


1.14.3. PHYLUM—ACANTHOCEPHALA 

Nearly 500 species are included in this phylum. It is assumed that they are in close 
relation with that of the phylum aschelminthes. 

[1] They are pseudocoelomate with parasitic habit. 

[2] They are bilaterally symmetrical ; the body is elongated with spiny proboscis on 
the anterior end of the body. 

[3] Digestive and excretory both the systems are absent. 

Examples: Macrocanthorhynchus, Acanthocephalus, Acanthogyrus. 


1.14.4. PHYLUM—ENTOPROCTA 


This phylum, is also known as Kamptozoa or Calyssozoa. Nearly 60 species are 
included in this phylum. 
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[1] Generally they are marine and are remained attached to some substratum. 

[2] Their body is divided into stalk and calyx. 

[3] On the free end of the calyx, ciliated tentacles are arranged in a circle. 

[4] Their alimentary canal is “U’-shaped ; mouth and anus both are present near the 
circlet of ciliated tentacles. i 

[5] Body contains pseudocoelom. 

© Examples :Pedicellina, Loxosomella, Urnatella. 


1.14.5. PHYLUM—ECHIURIDA | 

Previously echiurida and sipunculida, these two small groups were placed as an 
appendix to the phylum annelida. But on the basis of their characteristic features, now 
these two groups are treated as a separate phylum. It is assumed that the echiurida is 
more closer to annelida than sipunculida. This phylum consists of 100 species, 

[1] They are all marine. 

[2] Adult animals are unsegmented. 

[3] Their body is divided into proboscis and trunk. 

[4] On the anterior part of the trunk, setae like locomotory organ are situated and in 
some cases setae are placed both on the anterior and posterior regions. 

[5] They are unisexual ; in the life-cycle there is a trochophore larva. 

Examples: Echiurus, Bonellia, Pinuca, 


1.14.6. PHYLUM—SIPUNCULIDA 


This phylum consists of 30 species. 

[1] They are all marine. 

[2] They are elongated and unsegmented body ; on the anterior part of the body 
there is a narrow structure known as introvert. 

[3] There is a mouth on the anterior part of introvert and the mouth is surrounded by 
hollow tentacles. 

[4] Their locomotory organ is parapodia with setae. 

[5] There is an undivided coelom inside the body. 

[6] There is a pair of nephridia as an excretory organ. 

[7] They are unisexual. 

@ Examples : Sipunculus, Dendrostomum, Phascolion. 


1.14.7. PHYLUM—PRIAPULOIDA 

Previously it was assumed that their body cavity was pseudocoelom. On the basis 
of this idea, Hyman in 1951 placed all these animals under the phylum aschelminthes. 
Afterwards, it becomes clear that their body cavity is a true coelom instead of 
pseudocoelom. Hence these members are now placed in a new phylum) known as 
priapuloida. Only 8 species are included in this phylum. 

[1] All members are marine. 

[2] They are cylindrical. 

[3] There is a proboscis on the anterior part of the body. 

[4] There is a trunk behind the proboscis. Many external folds are present on the 
trunk. 

[5] There is coelom. 


i 
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[6] The alimentary canal is straight; mouth and anus are situated on the two opposite 
ends of the body. 
Examples: Priapulus, Tubiluchus. 


1.14.8. PHYLUM—BRYOZOA 


This phylum is also known as Polyzoa or Ectoprocta. The animals of this phylum 
are commonly known as moss animals. Nearly 4000 species are included in bryozoa. 

[1] They are mostly marine though some are living in the fresh water. Generally 
they are colonial in habit. 

[2] Single unit of a colony is known,as od. Generally each zooid is externally 
covered by a membrane which is known as zoecium. 

[3] Mouth aperture of each zooid is surrounded with a fold which is known as 
lophophore. Tentacles are situated in the lophophore. 

4] Alimentary canal is ‘U’-shaped ; coelom is present. 

[5] Respiratory, circulatory and excretory organs are absent. 

Examples: Bugula, Plumatella. 


1.14.9. PHYLUM—PHORONIDA 


This is a small phylum and consists of only 15 species. 

[1] They are cylindrical and all are marine. 

[2] They live in tubes. 

[3] There is lophophore on the anterior region of the body; many tentacles are 
present on lophophore ; circulatory and excretory organs are present. 

[4] Coelom is present; there is “U’-shaped alimentary canal. 

[5] Actinotrocha larval stage is available in the life-cycle. 

Examples: Phoronis, Phoronopsis. 


1.14.10, PHY LUM—BRACHIOPODA 


Their lophophore is modified into two elongated arms or brachia. Hence the name 
of the phylum becomes brachiopoda: They are superficially similar to molluscan animals, 
such as presence of two valves of a shell, mantle etc, So on the basis of these superficial 
similarities, these animals were regarded as mollusca till the middle of the 19th century. 
They are commonly known as lamp shell. Nearly 280 species have been included in 
the phylum brachiopoda. 

[1] They are all marine. 

(2] Their outer shell consists of two valves. These two valves are placed dorso- 
ventrally. The dorsal valve is smaller than the ventral one. The ventral valve looks-like 
a lamp and so they are commonly known as lamp shell. 

[3] Their long stalk or pedicle comes out from the ventral side of body and this stalk 
remains attached to a substratum. 

[4] Their mouth aperture is surrounded by lophophore with tentacles. 

[5] The body is coyerd by a membrane known as mantle ; and the body contains 
coelom, 

Examples: Lingula, Magellania, Crania. 


1.14.11. PHYLUM—CHAETOGNATHA 


As the body of the animals is looking like an arrow so they are more commonly 
known as arrow-worm. Near about 65 species are included in this phylum. 
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[1] They are elongated and bilaterally symmetrical. 

[2] Their body is divided into head, trunk and tail. 

[3] The trunk consists of lateral fins and the tail-fin is horizontally placed on the 
tail. 

[4] Coelom is present inside the body. 

[5] There is simple type of alimentary canal and definite form of respiratory, excretory 
and circulatory organs are lacking. 

© Examples: Sagitta, Spadella. 


1.14.12. PHYLUM—POGONOPHORA 

Nearly 80 species are included in this phylum. 

[1] Their body is narrow and elongated and they are all living inside the tube in sea. 

[2] The body is divided into three regions, such as protosome, mesosome and 
metasome. 

[3] Single or bundle of long tentacles are present on the anterior end of protosome. 

[4] The coelom is divided into three chambers. 

[5] There is no digestive system. 

[6] They are unisexual. 

Examples: Siboglinum, Lamellisabella. 


1.15. Phylum : Chordata 

In the history of evolution, the origin of chordates is a mysterious event. As a result 
of this event, the different groups of higher chordates have evolved slowly. There is a 
lot of controversy where actually the primitive chordates have appeared. However, 
Robertson in 1959, Bone 1972 and other biologists have realised that the chordates 
were evolved in sea. But actually from which group of animals, the chordates were 
evolved that still remains unexplored even today. Biologists in different times have 
explained and introduced the various theories about the origin of chordates. Some of 
them thought that the chordates evolved from the echinoderms. But none of the theories 
are accepted universally. 

The term chordata has been derived from a Greek word (Chorda = thread). Due 
to the existence of notochord which is flexible rod-like structure (either throughout or 
early embryonic life of the animals), the name of the phylum ‘chordata’ has been given. 
Vertebrates are more numerous in the phylum chordata. This phylum is formed by 
various forms of animals, starting from Balanoglossus (protochordate) to man (hi ghest 
in the evolutionary scale). This phylum consists of 45,000 species. Though they possess 
their own characteristic features yet the following features are common to all the 


chordates. 


1.15.1. PRIMARY CHARACTERS OF THE CHORDATES 
[1] Notochord : This is the characteristic feature of this phylum. It is a flexible 
rod-like structure which is situated on the dorsal region of the alimentary canal. 
It gives the rigidity of the animal. This structure is present either throughout the 
life or early embryonic life. In vertebrate animals the notochord either partially 
or completely replaced by the vertebral column. 
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[2] Pharyngeal gill-slits : Paired gill-slits are present on either sides of the pharynx ; 
the gill-slits are present either thoughout the life or in early embryonic life. 
These gill-slits are present in the primitive chordates as well as in fishes 
throughout the life ; but in many amphibians, in all reptiles, birds and mammals 
this structure is absent in the adult but this is present only in the early embryonic 
life. However, gill may not be always be associated with pharyngeal slits. 

[3] Dorsal hollow nerve cord : This structure is present along the dorsal side of 
the notochord. The nerve cord is hollow. In case of vertebrates, the nerve cord 
is modified into brain and spinal cord. 


Nerve cord Notochord 


Pharyngeal gill slits 


Fig. 1.13 : Diagrammatic representation of a typical chordate. 


[4] Post Anal Tail: A post anal extention of vertebral column, known as tail, may 
be present. 


1.15.2. GENERAL CHARACTERS OF THE CHORDATES 


In addition to the above three characteristic features, some other general characters 
are also present in the animals of the chordate group. These general characters are not 
very important ; because these general characters are mostly existing in the higher 
invertebrate animals. These are : 

[1] Their body is bilaterally symmetrical. 

[2] Axial organisation : Their anteriormost part of the body is regarded as head and 
the posterior part of the body is the tail. So from the anterior to posterior, this 
axis is known as the antero-posterior axis. 

[3] They are triploblastic animals (embryonic three cell layers : ectoderm, endoderm 
and mesoderm from which all the organs are developed). 

[4] They possess closed type of blood vascular system. The heart of the circulatory 
system is situated on the ventral side of the body and it acts as a pumping 
organ of the blood vascular system. 

[5] In most of the higher chordates, the endoskeleton is developed from the 
embryonic mesodermal layer. This skeleton forms the framework of the body. 


1.15.3. CLASSIFICATION OF PHYLUM CHORDATA 


There is a great problem of classification of 45,000 species of chordata. The authors 
of the different books also reflected their thoughts and ideas in different ways. The 
classification of chordata has been described here mainly on the basis of ‘The Life of 
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Vertebrates’ (1981) written by famous author J. Z. Young. According to the syllabus, 
the phylum chordata has been classified upto sub-phyla and classes. 

All species of the phylum chordata have been classified into the following four 
sub-phyla. These are 

{ II Sub-phylum Hemichordata (Stomochordata). 
[O] Sub-phylum Urochordata (Tunicata). 
[M]  Sub-phylum Cephalochordata (Acrania). 
[IV] Sub-phylum Vertebrata (Craniata). 

In the hemichordata, urochordata and cephalochordata, the notochord is present 
either during the embryonic stage or throughout the life. In no situation, the notochord 
is replaced by vertebral column in the above three sub-phyla, i.e., vertebral column is 
absent. Hence, those three sub-phyla are collectively known as protochordata (Lower 
chordata). Distinctive characters with examples have been given below of each sub- 
phylum upto classes. 


1.16. Sub-phylum : Hemichordata (Stomochordata) 


The existence of notochord in the sub-phylum hemichordata is not accepted by the 
modern zoologists. So they do not like to include the hemichordata under the phylum 
chordata. Hence, they are placing the hemichordata as a separate independent phylum 
under non-chordate group. So they are also known as invertebrate chordates. These 
animals though possess dorsal nerve cord yet there is absence of post anal tail as well 
as there is doubtfull existence of notochord at the anterior end only ; hence the name of 
the sub-phylum has been given hemichordata. Nearly 100 species have been included 
in the hemichordata. This sub-phylum is also known as stomochordata. 

[1] They live inside their own tubes or burrows in sea. 

[2]. Their soft body is divided into proboscis, collar and trunk. 

3] They are solitary or colonial in habit. i 

[4] There is a diverticulum which is extended beyond the mouth upto the proboscis. 
It is regarded as a structurally similar to the notochord (also known as 
stomochord). 

5] Their body cavity is trisegmental. 

[6] There are gill-slits on lateral wall of the pharynx. 

[7] In the life-cycle, there is tornaria larva. 


1.16.1. THE SUB-PHYLUM HEMICHORDATA HAS BEEN DIVIDED INTO 
TWO CLASSES, SUCH AS ENTEROPNEUSTA AND PTEROBRANCHIA 


[a] Class : Enteropneusta 

[1] Their body is elongated and the body is divided into proboscis, collar and trunk. 
Most of the members are living in the burrows as solitary one. 

[2] Large number of ‘U’-shaped gill-slits are present on either side of the pharyngeal 
wall. Number of the gill-slits increases with the ageing of the animal. 

[3] Their alimentary canal is straight that ends with anus at the terminal part of the 
body. 

[4] Jodoform like volatile smell emits from the body: 


Examples: Balanoglossus, Saccoglossus, Glossobalanus. 


[4] 
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Class : Pterobranchia 

Some species form colony. 

ie wide pharynx communicates to the outside environment through the gill- 
slits. 

They possess ‘U’-shaped alimentary canal; due to this, mouth and anus remain 
on the same side of the body. 

Their collar region is extended to form ciliated arm or lophophore. 


Examples: Cephalodiscus, Rhabdopleura. 


Fig. 1.14 : Some animals of Hemichordata : 
(a) Balanoglossus, (b) Cephalodiscus, (e) Saccoglossus. 


1.17. Sub-phylum : Urochordata (Tunicata) 

This sub-phylum is known as urochordata, because the notochord is only restricted 
to the tail region. On the other hand, most of the animals are covred by a structure 
known as tunic or test, so the sub-phylum is also named as tunicata. Approximately 
1000 species have been included in this sub-phylum. They exhibit retrogressive 
metamorphosis, i.e.; larval chordate character are lost in adult. 


111 
[2] 


[7] 


They are all marine and live either in solitary or colonial way. 

Generally they are covered by a semitransparent membrane that is known as 
tunic or test. 

Their notochord is present either in the larval stage only or throughout the life 
and in the adult the notochord is restricted in the tail region. T 

On the free end of the body there are two apertures, one of which mouth and the 
other atriopore. 

Animals possess wide pharynx; numerous gill-slits are present on the pharyngeal 
Wall. 

They are hermaphrodite ; both asexual and sexual reproductions occur. 

In some species, tadpole like ascidian larva is present in the life-cycle. 
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Larva is free living but adult is sessile. 


Fig. 1.15 : Some members of Urochordata : 
(a) Pyrosoma, (b) Oikopleura, (c) Salpa, (d) Doliolum, (e) Ascidia, (f) Molgula. 


1.17.1. THIS SUB-PHYLUM IS DIVIDED INTO THREE CLASSES, SUCH 
AS ASCIDIACEA, THALIACEA AND LARVACEA 


[a] 
[1] 


[2] 
[3] 


Class : Ascidiacea (Sac animals) 

Their body becomes sac-like ; body remains attached to a substance on the 
substratum of sea either in solitary or form colony. 

Animals are covered by a structure known as tunic. 

Though all the diagnostic features of chordates are present in the larval stage 
yet the notochord, nerve cord and tail are absent in the adult life. 


© Examples: Ascidia, Ciona, Herdmania. 


[b] 
[1] 
[2] 
[3] 
[4] 


[5] 


Class : Thaliacea 

Animals are freeliving and are floating on sea. 

Tunic like outer covering of the body becomes transparent. 

Muscles are arranged circularly in the body. 

Mouth and atriopore, these two apertures are situated on the two opposite ends 
of the body. 

There may be numerous or only two minute gill-slits are presentin the pharyngeal 


region. 


Examples: Doliolum, Pyrosoma, Salpa. 


[c] 
11 
[2] 
[3] 


Class : Larvacea (immature forms) 

Each individual builds a ‘house’ by secretion from the ‘oiko plastic epithelium’. 
The pharynx has two gill-slits, also an endostyle and peripharyngeal bands. 
There are two posterior ‘filtering windows’ through which water enters the 


house. 
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[4] The tail is highly developed organ which is serving for locomotion, nutrition 
and in the building of the house. 
[5] The nerve cord is a hollow tube with ganglionic thickenings. 
[6] The sense organs consist of two mechanoreceptors on the sides of the trunk. 
Examples: Oikopleura, Appendicularia. 


1.18. Sub-phylum : Cephalochordata (Acrania) 


There is no subdivision of this sub-phylum ; only small number of species are placed 
into two genus. 

[1] All are marine. Most of the period they are remained fix inside the soil by 
exposing only their anterior end but in time of necessity they come out and 
swim in sea. 

[2] A dorsal fin, a ventral fin and a caudal fin are present on the body. 

[3] The body is elongated and their anterior and posterior ends become gradually 
tappering. 

[4] Their notochord is present from anterior to posterior end of the body. The 
notochord is extended beyond the brain of the anterior end, so this sub-phylum 
is named as cephalochordata. 

[5] Numerous gill-slits are present on the wide pharyngeal region. 


Myotome muscle Caudal fin 


Notochord 


Fig. 1.16 : Diagrammatic Representation of Branchiostoma (Amphioxus). 

[6] Their excretory organ is known as nephridia. 

[7] The hollow nerve cord is present on the dorsal region of the body ; numerous 
finer nerves are developed from nerve cord and are distributed to the different 
parts of the body. 

[8] ‘V’-shaped muscle segments or myotomes are present which are seperated 
from each other by connective tissue segments known as myocoma. 

Examples: Branchiostoma (Amphioxus), Asymetron. 


1.19. Sub-phylum : Vertebrata (Craniata) 


The sub-phylum vertebrata is also known as craniata. The notochord has been 
developed in the embryonic stage of all vertebrates but this notochord is replaced by a 
vertebral column either partially or completely in the adult animals. The animals which 
possess the vertebral column are all included in the sub-phylum vertebrata. 

[1] Vertebrate animals are adapted in the water, land and air. 

[2] The vertebral column is present in the adult animals. It is made up of large 
number of vertebrate. 

[3] Their internal framework of the body is made up of bones and cartilages or 
only with cartilages that are regarded as an endoskeleton. 
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[4] Anteriormost part of the body is known as head and the posterior part of the 
anus is generally regarded as a tail. t 

[5] They have their two pairs of lateral oppendages (fins or limbs) and they are 
acting as a locomotory organ. 

[6] Scales, feathers, hairs, nails etc., are developed from the skin and these stuctures 
act as protecting organ. 

[7] Their anterior part of the dorsal hollow nerve cord becomes modified into brain 
and the posterior part of the nerve cord becomes spinal cord. 

[8] Brain is situated in the cranium (brain box which is composed of bones) and 
spinal cord is placed in the hollow space of the vertebral column. Due to 
presence of cranium this sub-phylum is also regarded as craniata. 

[9] Spinal cord gives rise to spinal nerves and cranial nerves (10 or 12 pairs) have 
arisen from brain. 

10] Sensory organs like eye, ear and nose are present. 

[11]  Gill-slits with gills are present in all fishes and in some amphibians. Gills are 
treated as respiratory organ. But in higher vertebrates like reptiles, birds and 
mammals the gill-slits are present only in the embryonic life. The adult animal 
of reptiles, birds and mammals respire with the help of lungs. 

[12] In the closed vascular system, there is a contractile muscular heart which is 
situated on the ventral surface of the body. 

[13] Their primary excretory organ is a pair of kidney. 

[14] | Endocrine glands are present inside their body. The secretory products of those 
glands are known as hormones that are acting as a chemical co-ordinator. 


@ SIMILARITIES AND DIFFERENCES BETWEEN PROTOCHORDATA 
AND VERTEBRATA 


Though the vertebrates have been occupied a very important place in relation to 
their numbers and economics in the phylum chordata ; yet there are other three small 
groups of protochordates that are also attached with the chordata. All species of the 
vertebrata though possess their own characteristic features, yet they also share the 
characteristic features of chordata, such as notochord, pharyngeal gill-slits and dorsal 
hollow nerve cord. These similarities are clarified below. 

[1] Notochord : The notochord is present in the embryonic life of all vertebrates. 
Subsequently the notochord is partially or completely replaced by the vertebral column. 
But the notochord is never transformed or modified into vertebral column. 

[2] Pharyngeal gill-slits : Among the vertebrates, all the members of agnatha as 
well as fishes and in some amphibians of gnathostomata possess gill-slits on the sides 
of the pharyngeal wall both in the embryonic as well as in the adult life. In higher 
gnathostomes like reptiles, birds and mammals though the gill-slits are present in the 
embryonic stage but are absent in the adult life. 

[3] Dorsal hollow nerve cord : On the dorsal side of notochord there is a hollow 
nerve cord in the embryonic stage of vertebrate animals ; subsequently it is modified 
into brain and spinal cord in the adult life of higher vertebrates. Brain and spinal cord 
are placed in the cranium and vertebral column respectively, 

[4] Post anal tail is present in addition to the above three diagnostic features, 
bilateral symmetry, antero-posterior axis, triploblastic condition, segmentation, coelom 
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and closed type of blood vascular system all these features are present in the vertebrates ; 
hence they are all under the phylum chordata. 

o Dissimilarities between the two groups: 

All members of the sub-phyla hemichordata, urochordata and cephalochordata are 
known as protochordates. Notochord, pharyngeal gill-slits and dorsal hollow nerve 
cord, all these three characters are present in the protochordata. Although they are 
included in the chordata for above characters yet they do not possess the diagnostic 
features of the sub-phylum vertebrata. Those dissimilarities are mentioned below. 

[1] Inthe life of protochordates, the notochord is never replaced by vertebral column, 
i.e., notochord remains as notochord throughout the life. 

[2] In the protochordata, framework of the body is never formed by endoskeletal 
structures (Bones and cartilages). 

[3] Well organised brain is absent in the protochordates and there is no cranium or 
skull. 

[4] Protochordates have no lateral jointed locomotory appendages as limbs and 
fins of the vertebrates. 

[5] In some of the protochordates though there is tunic or test as protecting covering 
but scales, feathers, hairs like exoskeletal structures are absent. 

[6] Protochordates though they possess dorsal hollow nerve cord but is not being 
modified into brain and spinal cord. As there is no cranium with vertebral 
column, so the dorsal hollow nerve cord remains expose. 

[7]. As there is no specific diyision of brain and spinal cord, so the nerves that are 
developed cannot be divided into cranial and spinal nerves, 

Naturally on the basis of the above characters, we can say that all species of 
protochordata (=hemichordata, tunicata and cephalochordata) though they are chordates 
but they are not vertebrates, Hence all vertebrates are chordates but all chordates 
are not vertebrates. 

Short sketch of Sub-phylum Vertebrate 
Vertebrata 


Superclass AGNATHA Superclass: GNATHOSTOMATA 


Class Cephalaspidomorphi Classes 


Chondrichthyes Osteichthyes Crossopterygii Amphibia Reptilia Aves Mammalia 


1.19.1. SUPERCLASS : AGNATHA (Jawless vertebrate) 

Agnathous animals are the earliest vertebrates. They possess most of the characteristic 
features of the vertebrata. Agnathous animals are without any jaws. The only living 
agnathous animals are included in the order cyclostomata and it includes lampreys 
and hagfishes. All the living species are incorporated in a single class. 

Class : Cephalaspidomorphi 

All the living species of this class have been included in the order cyclostomata. 
Though, some biologists have given the cyclostomata as a class status. 
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[1] They are aquatic ; they are living either in sea or in freshwater. 
[2] They have single median nose. 


[3] 
[4] 
[5] 


[6] 
[7] 
[8] 


[9] 
[10] 


Fig. 1.17 : Two important animals of the Superclass Agnatha : 

(a) Petromyzon (Lamprey), (b) Myxine (Hagfish). 
Their body is elongated without any scales and paired fins. 
They have unpaired dorsal, ventral and tail fins. 
Cranium and vertebral column, both are composed of cartilages. Notochord is 
fully present in the adult body. So they are regarded as a primitive group of 
vertebrates. 
They have 6 to 14 pairs of gill-slits. 
Living species are either ectoparasites on fishes or scavengers. 
Mouth circular and suctorial. Rasping tongue with teeth, helps in scraping 
and sucking blood of other fisher. 
Larval stage (ammocoetes of lamprey) may be present. 
Petromyzon is anadromous (marine animal but migrate to fresh water for 
breeding). 


© Examples: Petromyzon (Lamprey), Myxine (Hagfish). 


1.19.2. SUPERCLASS : GNATHOSTOMATA (Jawed animals) 

The vertebrate animals which are provided with jaws surrounding the mouth are 
regarded as gnathostomata. So they are commonly known as jawed animals. Most of 
the vertebrates are included in the superclass gnathostomata. : 


[1] 


[g] 


Their mouth aperture is surrounded with upper and lower jaws. 

They possess paired appendages in their body. All the species under 
gnathostomata are divided in seven classes.These are— 

Class Chondrichthyes 

Class Osteichthyes 

Class Crossopterygii 

Class Amphibia 

Class Reptilia 

Class Aves 

Class Mammalia 


The species that are included under chondrichthyes, osteichthyes and crossopterygii 
are provided with paired fins with fin-rays ; hence they are regarded as fishes. 
Previously all these were included under the class pisces. Members of class Amphibia, 
Reptilia, aves and memmalia are four-footed and are known as tetrapoda. 
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Differences between pieces and tetrapoda : 


PIECES 
1. Exclusively aquatic. 


TETRAPODA 


1. Aquatic or tervestrial ; may be arboreal 
or aerial. 

Fins with fin-rays absent. 

Aerial respiration by lung. 


Paired fins with fin-rays present. 
Aquatic respiration by gill. 


© Definition of fish: The vertebrate animals which are aquatic with jaws, gills, 
paired and unpaired fins with fin-rays are known as fishes. 


1.20. Class : Chondrichthyes (Cartilaginous Fishes) 


The name chondrichthyes has been derived from two Greek words (chondros = 
cartilage, ichthyes = fish). This class was also known as elasmobranchii which is now 
used as a subclass under chondrichthyes. Members of this class are available in all 
parts of the sea ranging from 17 m. long shark to the smallest sharks of less than 30 cm. 
Approximately 3,000 species are included in this class. 


Fig. 1.18 : Examples of few cartilaginous fishes : 
(a) Trygon (Sting ray), (b) Sphyrna (Hammer head shark), (c) Scoliodon (Dog fish) (d) Pristis 
(Saw shark), (e) Raja (Scate). 


1.20.1. CHARACTERISTIC FEATURES OF CARTILAGINOUS FISHES 


[1] Generally, cartilaginous fishes are marine and carnivorous. The sensory 
apparatus is largely dominated by the chemical senses. Sharks and rays find 
their prey mainly by smell. 

[2] Their endoskeleton is made up of cartilage instead of bones ; so they are named 
as cartilaginous fish. 

[3] Microscopic placoid scales are present in the skin of their body. 

[4] Their paired and unpaired fins are provided with fins-rays. 


[7] 
[8] 
[9] 


[10] 
[11] 


[12] 
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There is no operculum (gill cover); so 5 to) pairs of gill-slits are directly 
connected with the outside. 

Mouth is situated on the ventral surface of the head ii e, subterminal. The tail is 
heterocercal with the dorsal lobe larger than the ventral. 

There is notochord along with the cartilaginous vertebral column. 

There is no swim bladder in cartilaginous fishes. 

The heart is composed of single auricle with single ventricle, i.e., two-chambered 
heart. 

They are unisexual animals. 

They are poikilothermous i.e., cold blooded (the temperature of the body depends 
on the environment), 

Cranial nerves are of ten pairs, 


Examples: Scoliodon (Shark, dogfish), Sphyrna (Hammer head shark), Torpedo 
(Electric ray), Raja (Scates), Trygon (Sting ray), Pristis (Saw-fish), Rhinobates (guiter 
fish), Rhinodon (lergest fish, whale shark about 21 m long). 


1.21. Class: Osteichthyes (Bony fishes) 


The name osteichthyes has been derived from two Greek words (osteo = bone, 
ichthyes = fish). They are living in all water media, from deep seas to tiny rivulets, 
ponds and ditches. There are about 2300 species and various shapes and sizes are 
available. 


1.21.1. CHARACTERISTIC FEATURES OF BONY FISHES 


(1) 


7] 
8] 
[9] 


[10] 
[11] 


Generally, the body of the bony fishes is covered with scales. Scales are cycloid, 
ctenoid and ganoid types and they are developed from endodermal layer of the 
skin. 

Numerous mucous glands are present in the skin. As a result, their body becomes 
slippery. 

They have paired and unpaired fins with spiny fin-rays. 

Their mouth is situated on the anterior part of the head i.e., terminal. 

They possess four pairs of gill-slits and the gill-slits are covered by a bony 
operculum (gill cover). 

Their endoskeleton is mainly made up of bones ; so they are known as bony 
fishes. 

Their heart is composed of a single auricle, a single ventricle and a sinus venosus. 
There is a swim bladder which acts as a buoyancy regulator. 

They possess eyes without eyelids. There is a lateral line sense organ on each 
side of the body and they detect vibrations. 

Generally, they lay eggs and fertilization is external. 

They are cold-blooded animals. 


@ Examples: Labeo rohita (Rohu), Catla catla ; Cat fishes : Heteropneustes fossilis 
(Singhi) and Clarias batrachus (Magur) ; Anabas testudineus (Koi or climbing perch), 
Polynemas, Hilsa, Mystus, Lates (Bhetki), Channa (Lata), Exocoetus (flying fish), 
Hippocampus (Sea-horse), Harpodon (Bombay duck), Anguilla (Eel). 
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Fig. 1.19 : Some important bony fishes (a) Labeo (Rohu),(b) Catla, (c) Cirrhinus (Mrigal), 
(d) Anabas (Koi), (¢) Clarias (Magur), (Ë) Heteropneustes (Singhi), (g) Bxocaetus (Flying fish), 
(h) Hippocampus (Sea horse). 


Table 10 : Differences between Cartilaginous and Bony fishes : 


CHONDRICHTHYES OSTEICHTHYES (Bony) 
(Cartilaginous) 


1. The species of this class are generally |1. The species of this class are marine as 
marine and carnivorous. well as they also live in freshwater and 

they are omnivorous. 

2. Their body is covered with placoid |2. Their body is covered with ctenoid, 

scales. cycloid or ganoid 


2253—30 


e of scales. 
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least six months. 


CHONDRICHTHYES 
(Cartilaginous) 


Their mouth is situated on the ventral 
surface. 

Operculum is absent over the gills. 
Their 5—7 pair of gills-slits open 
directly to the outside. 

Their paired fins are provided with 
cartilage. 

There are 5 pairs of afferent branchial 
vessels in the vascular system. 

Each gill is like lamina of a leaf. 
Swim-bladder is absent. 9 


10. Their endoskeleton is made up of | 10. 


cartilage. 
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OSTEICHTHYES (Bony) 


Their mouth is terminal or sub- 
terminal. 

Operculum is present over the gills. 
Their 4 pair of gill-slits are covered by 
operculum. 

Their paired fins are provided with 
bony fin-rays. 

There are 4 pairs of afferent branchial 
vessels in the vascular system. 

Each gill is comb-like. 

Swim-bladder is present. 

Their endoskeleton is made up of 
bones. 


1.22. Class : Crossopterygii (Dipnoi : lung fishes) 
The lung fishes are considered last of all the groups of fishes because they lead on 


to the amphibia. The characters o 
interest ; because they show an appro: 
However, Jarvik (1980) considers t! 


f the modern lung fishes are therefore of extraordinary 
ach to the condition of the ancestors of all tetrapods. 
hat the Dipnoi may be related to elasmobranchs. 


The three surviving genera of lung fishes are mainly inhabitants of rivers and lakes 


and they all breathe air. During summi 


er when the rivers are dried up completely, they 


dig into mud, leaving a small opening for breathing and can remain in this state for at 


prehistoric times. 
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Fig. 1.20: Showing Dipnoi fishes : [A] Neoceratodus (Lung fish of Australia), [B] Lepidosiren 
(Lung fish of South America), [C] Protopterus (Lung fish of Africa). 
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1.22.1. CHARACTERISTIC FEATURES OF DIPNOI 


{1] The tail fin is symmetrical with no trace of separate dorsal fins. 

[2] The scales are reduced to bony plates. 

[3] The vertebrae are cartilaginous arches and the notochord remains as an 
unconstricted rod. 

[4] The external nostrils lie just at the edge of the mouth and the internal nostrils 
open into its roof. 

[5] The swim bladder is modified into a definitely lung-like structure. The wall of 
the swim bladder contains muscle and elastic fibres and the cavity is subdivided 
into a number of pouches or alveoli. 

[6] Although the lungs lie dorsally but their opening is to the oesophagus, ventrally, 
Air is drawn in through the mouth. The lung is supplied with blood. 

[7] There is a renal portal system. 

Examples: Neoceratodus (Australia lung fish), Lepidosiren (South America 
lung fish), Protopterus (Africa lung fish). 


© IMPORTANCE OF FISHES : 

Most of the fishes are very valuable to man as food material. So these edible fishes 
are compensating the demand of proteinous food to the human society. Moreover 
some of the fishes are being dried up in sun for the preparation of food material to 
poultry birds. Oils, rich in vitamins are extracted from the liver of shark and cod 
fishes. This oil is used in the pharmaceutical industry as well as it is used in the body 
of a baby. Organic manure is also produced from some of the fishes. 


1.23. Class : Amphibia 
The name amphibia has been taken from two Greek words (amphi = both, bios = 
life). Most of the amphibians have been adapted to land and they are the first terrestrial 
group among the vertebrates. Though they are living on land yet they are not regarded 
as a true land animals. Because they will have to go to water during the breeding 
season. So they are adapted both in land as well as in water. They have two phases in 
their lives. Hence they are known as amphibia. In most of the life-cycles of amphibians, 
the early larval stage is fish-like which swims in water by using its tail and breathe by 
gills ; but the adult with their four limbs moves on land and breathe by lungs and skin. 
So amphibians which are adapted on land, have to settle near the water for completing 
their life cycle, i.e., they cannot live far off from water. Amphibians are of three types, 
such as: (i) tailless amphibians (toads and frogs), (ii) tailed amphibians (Salamanders) 
and (iii) limbless amphibians (Ichthyophis). About 2000 living species are included 
in the class amphibia. 
1.23.1. CHARACTERISTIC FEATURES OF AMPHIBIA 
[1]. Amphibians are bilaterally symmetrical. 
[2] Generally, their skin is not covered by scales i.e., naked ; their skin is smooth, 
moist and glandular. 
[3] Adult amphibians are with two pairs of limbs (exception Ichthyophis) ; each 
forelimb consists of four toes without claws and hindlimb consists of five toes 
without any claws. 
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Generally, notochord is absent in adult stage of amphibians but small number 
of amphibians like Amblystoma, Necturus as they are living in water throughout 
the life so their vertebral column remains weak and they possess notochord 
which helps in swimming. 


Fig. 1,21 : Some important Amphibians : 

(a) Bufo melanostictus (Toad), (b) Rana tigrina (Frog), (c) Hyla (Tree frog), 
(d) Ichthyophis with egg, (e) Salamandar, (f) Nectures, (g) Alytis, (h) Tylototriton. 
Generally, adult amphibians breathe through lungs and moist skin (some newts 
retain gills). 
The heart of amphibians, mainly consists of three chambers, such as two auricles 
and single ventricle. 
In amphibians, sense organ like ear is present as an outer membrane known as 
tympanum. = 
Generally, they lay eggs- 
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[9] In the life-cycle, there is à larval stage (tadpole) that possess gills. In some 
cases gills are also present in the adult stage. 


[10] They possess 10 pairs of cranial nerves from brain. 
{11] Amphibians are cold-blooded (poikilothermous) animals. 


Examples: Bufo melanostictus (Toad), Rana tigrina (Frog), Hyla (Tree frog), 
Tylototriton (Indian salamander), Ichthyophis (Limbless amphibia). 

In the some cases (eg. Ambystoma) development of gonads and breeding occur in 
larval forms. This is known as paedogenesis. Permanent paedogenesis or neoteny is 
shown by necturus, Poteus and Sirer. 


1.23.2. IMPORTANCE OF AMPHIBIA 


Toads are easily available and they are less costly ; so toads are commonly used in 
the laboratory as dissecting material in Bengal. But in many developed countries, frogs 
are utilized as food material. Many amphibians (frogs and toads) are beneficial to man, 
because they prey the insect pests as their food material. 


1.24. Class: Reptilia 


The name ‘reptile’ has been taken from a Latin word (repere=to crawl). The 
vertebrate animals that are creeping on land are known as reptiles, In the evolutionary 
history of the vertebrates, the amphibians though a forerunner of land vertebrates yet 
the reptiles are treated as the first true land yertebrates, because there is no necessity of 
water in any stage of their life-cycle. Their organ-systems are fully adapted to land. 
Various forms of animals are included in the class reptilia. Lizards and snakes, the 
turtles and tortoises, alligators and crocodiles like nearly 6,000 living species have 
been included in the reptiles. 

Mesozoic era is known as age of reptiles: 

1.24.1. CHARACTERISTIC FEATURES OF REPTILIA 

[1] Their body is bilaterally symmetrical. 

[2] Their body is covered with dry skin with epidermal scales; scales of many 
reptiles are modified to form crests, spines and scutes ; skin contains few or no 
glands. These horny scales are periodically shed in flakes or cast as a single 
slough (snakes). 

[3] The body is provided with two paired pentadactyle clawed limbs (except snakes). 

[4] There is well developed generally with long tail. 

[5] In reptilians, the notochord is completely replaced by the vertebral column. 

[6] They all respire only by a pair of lungs. 

[7] The heart is three-chambered, such as two auricles and a ventricle ; but the 
ventricle is partially separated by an incomplete septum, In crocodiles, the 
heart is four-chambered (two auricles and two ventricles). 

[8] Their arterial system consists of both left and right systemic aorta. 

[9] Cranial nerves are of 12 pairs which arise from the brain. 

[10] There is internal fertilization. 
[11] Generally, they lay eggs that are big in size with plenty amount of yolk which is 
covered by a shell. 
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[12] -Development takes place inside the egg and the embryo is covered by an 
embryonic membrane known as amnion, inside of which the amniotic fluid is 
present. So the amnion provides a watery medium during development. Due to 
presence of amniotic membrane during the development, so the reptiles are 
also known as amniota. 

[13] All reptiles are poikilothermous. 
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Fig. 1.22 : Showing some important Reptiles : 
(a) Calotes versicolor (Garden lizard), (b) Hemidactylus (House lizard), (c) Chameleon, 

(d) Testudo (Tartoise), (e) Draco (Flying lizard), (f) Naja naja (Cobra), (g) Crocodylus (Crocodile). 

@ Examples: Trionix (Turtle), Testudo (Tortoise), Calotes versicolor (Garden lizard), 
Hemidactylus (House lizard), Chameleon (Arboreal lizard), Phrynosoma (Horned toad), 
Draco (Flying lizard), Anguis (Limbless lizard), Python (Snake), Naja (Cobra), 
Crocodylus (Crocodile), Sphenodon (Itis a living fossil and is restricted to New Zealand. 
An organism whose contemporary groups has been fossilized but it is still living 
unaltered, is known as living fossil. 


CLASSIFICATION OF ANIMAL KINGDOM 471 


1.24.2. IMPORTANCE OF REPTILIANS 


Eggs and flesh of turtles and tortoises are commonly consumed by man as food 
material. The skin of crocodiles and snakes are also important, because the skin of 
those animals is of heavy demand in the leather industry for preparation of costly 
leather. Snake venom is used in the pharmaceutical industry for preparation of certain 
medicines. Moreover, the reptiles are very important in the evolutionary history, because 
birds and mammals both have evolved from the reptiles. 


Table 11 : Main differences between the Amphibians and the Reptilians : 


REPTILIA 
1. Their skin is smooth, moist and 1. Their skin is dry with epidermal scales 


glandular without any scales (except 
Ichthyophis). 

Amphibians possess four digits in the 
forelimb and five digits in the hind- 
limb and the digits are not provided 
with claws (except limbless 
Ichthyophis). 

Their heart is composed of two auricles 
with one ventricle. 


Aquatic amphibians possess gills and 
terrestrial amphibians possess lungs as 
respiratory organ. 

They possess 10 pairs of cranial 
nerves, 

Notochord is present in the aquatic 
amphibians but absent in terrestrial 
amphibians, 

As they are living both in water and 
land, so they are not regarded as true 
land animals. 

Amnion and allantois like foetal 
membranes are absent during the early 
developmental stage. 


and practically without any gland. 


Reptilians are provided with five digits 
with claws in both the fore and hind- 
limbs (except snakes without any 
limbs). 


Their heart is composed of two auricles 
with incompletely divided ventricle (in 
crocodile, the ventricle is completely 
divided). 

All reptiles possess lungs as their 
respiratory organ. 


They possess 12 pairs of cranial 
nerves. 

Reptiles do not possess notochord in 
the adult stage. 


Reptilians are the true land animals. 


Amnion and allantois like foetal 
membranes are present during the 
embryonic developmental stage; so 
they are known as amniota. 


1.25. Class : Aves 

In the class aves, there is a wide range of size and colour of animals. They are most 
beautiful among the animals. About 8,650 species of living birds are included in this 
class. Small number of birds are comparatively bigger in size but they are unable to fly 
though they have their wings. However they can run, so they are known as ‘running 
birds or ratitae’ such as Ostrich, Rhea, Emu and Cassowary. But most of the birds are 
smaller in size and they can fly actively. Hence they are known as ‘flying bird’ or 
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carinatae. Birds can be identified by the presence of feathers and power of flight. 
Thete is a still mystery how actually the ‘warm-blooded’ birds have evolved from the 
poikilothermie reptilian ancestry. However the fossil of Archaeopteryx bird gives a 
positive evidence about the reptilian origin. Huxley considerd birds as glorified reptiles. 


Fig. 1.23 : Some examples of bird: 
(a) Pelican, (b) Pavo cristatus (Peacock), (c) Columba levia (Pegion), (d) Rhea, (e) Casuarius, 
(H Gallus (Cock), (g) Parrot, (h) Duck, (i) Corvus (crow). 


1.25.1. CHARACTERISTIC FEATURES OF AVES 


[1] The entire body is spindle-shaped and covered by feathers, hence they are known 
as feathered animals. 

[2] Their forelimbs are modified into wings that are helping in flight. 

[3] Their hindlimbs are mainly adapted for walking or perching and swimming. 
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[4] Their mouth aperture is bounded by a pair of beaks and teeth are absent in 
modern birds. 

[5] Their head is comparatively smaller than the body but the neck is long. 

[6] A pair of lungs is firmly attached on the dorsal thoracic wall and the air sacs 
are attached with the lungs ; as a result, ventilation becomes more efficient, 

[7] There is a larynx on trachea, but sound is not being produced from the larynx ; 
in birds, the syrinx which is placed at the junction of trachea and bronchi is 
actually the sound producing organ. 

[8] Their heart is four chambered, two auricles and two ventricles. Only the right 
aortic arch is present. 

[9] Nervous system is well developed; 12 pairs of cranial nerves are present; there 
is a keen vision, 

[10] Urinary bladder is absent. 

[11] They lay eggs. Plenty amount of yolk is present inside the calcareous shell of 
egg ; amnion and allantois both are present during the embryonic development 
which requires a constant temprature. They are also known as amniota. 

[12] They are warm-blooded (Homoiothermous) vertebrates, i.e., they are able to 
maintain a constant body temperature. 

Examples: Struthio; (Ostrich), Rhea, Emu and Cassowary : Running birds; 
Columba livia (Pigeon), Pavo (Peacock), Gallus (Fowl), Corvus (Crow), Penguin 
Penguins are flightless birds or Impennae whose forelimbs are modified for swimming. 


1.25.2. IMPORTANCE OF BIRDS 


Man is hunting the birds for food and feathers from the ancient time. At present, 
many of the birds are being reared for their flesh and eggs, these are protein-rich 
delicious food, Hence rearing of fowls and ducks have become, a cottage industry. In 
many countries, feathers are now used to decorate the clothings of the tribal peoples. 
Feathers of peacock are very attractive to man. Birds are also helping the human society 
by ingesting the harmful insects, moreover they are also helping in pollinating of certain 
flowers. 

Table 12 : Main differences between the Reptilians and Aves : 

REPTILIA 


The skin of the reptilians is dry with 

epidermal scales and practically with- 

out any gland on the skin. 

2. Their body is elongated . 

3. They are cold-blooded 
(poikilothermous) vertebrates. 

4, There are two pairs of limbs with claws 
(except snakes) for terrestrial 
locomotion. 

5... Beaks are absent but generally teeth 
are present. 

6. Two lungs without air-sacs are present. 


1. The skin of the Aves is provided with 
feathers and there is oil gland on the 
tail region. 

2. Their body is spindle shaped. 

3. They are warm-blooded 
(homoiothermous) vertebrates. 

4. In case of birds two forelimbs are 
modified into wings for aerial 
locomotion. 

5. They possess a pair of beaks without 
any teeth on the jaws. 

6. Two lungs are implanted on the 
thoracic wall and air-sacs are attached 

with the lungs. 
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REPTILIA 


Reptilians ventricle of the heart is 

incompletely divided (except 

crocodile). 

8. Both right and left systemic aorta are 
present in the reptilians. 

9. There is larynx but syrinx is absent. 


7. The ventricle is completely divided. 


8. In case of birds, only right aorta is 
present. 

9. In adition to larynx there is syrinx, a 
sound producing organ. 

10. Urinary bladder is absent but gizzard 


10. There is urinary bladder but gizzard is 
of the alimentary canal is present. 


absent in the alimentary canal. 


1.26. Class : Mammalia 


The name mammalia has been derived from a Latin word (mamma = mammary 
gland). As they have mammary gland so they are regarded as mammalia. From the 
historty of evolution, we can say definitely that the mammals have evolved from the 
reptiles. Mammals are placed at the top of the evolutionary scale due to their higher 
grade of organisation. They are the most successful and dominating animals in the 
world in which the man also includes. Though they have wide varieties of shapes, sizes 
and colouration, yet they all possess certain common features. They are basically 
terrestrial but some of them are secondarily migrated to water even some of them have 
aerial mode of life. About 6,000 living species of mammals have been included in the 
class mammalia. 


1.26.1. CHARACTERISTIC FEATURES OF MAMMALIA 


[1] Mammalians possess mammary gland which is the most unique feature in 
mammals. The production of the gland is the milk by which the young ones are 
nourished. 

[2] Their body is covered with hairs ; in some cases the hairs are modified into 
scales (pangolin) or spines (porcupine). 

[3] They have pinna on the external ear. 

[4] The skin is provided with sweat glands and sebacious glands, the secretions 
are sweat and oily sebum respectively. 

[5] From the epidermis of skin nails, hoofs, claws are developed. 

[6] Different types (incisor, canine, premolar and molar) of teeth (heterodont) are 
implanted in the socket of the jaw ; milk teeth is replaced by permanent teeth 
(diphiodont). 

[7] There is a muscular diaphragm which separates the thorax from the abdomen. 
The diaphragm helps in respiration. 

[8] As in birds, mammalian heart also consists of two auricles and two ventricles, 
i.e., four-chambered heart. There is only left aortic arch. 

[9] Their brain is highly developed with 12 pairs of cranial nerves. As a result, they 
have the capacity to learn. 3 

[10] There is infernal fertilization ; development of the embryo takes place in the 
uterus of female and give birth to the young ones (except egg-laying mammals 
like platypus and echidna but their youngs are nourished by milk). 
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Fig. 1.24 : Some examples of Mammalia : 
(a) Panthera, (b) Ornithorhynchus (Duck billed platypus), (c) Macropus (Kangaroo), (d) Cavia 
(Guineapig), (e) Equus, (f) Gorilla, (g) Rhinoceros, (h) Homo sapiens, (i) Pteropus (Bat), (j) Whale. 


1.26.2. CLASSIFICATION OF MAMMALIA 
The class mammalia has been divided into two sub-classes, such as Prototheria 
and Theria. 
[A] Sub-class : Prototheria (egg-laying mammals) : 
[1] They lay eggs and they are the primitive mammals. 
[2] There is mammary gland but without any teat. 
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Examples: Duck-billed platypus (Ornithorhynchus) and Echidna or spiny anteater 
(Tachyglossus). 
[B] Sub-class : Theria : 
[1] There is well developed pinna. 
[2] There is mammary gland with teat, 
This sub-class is divided into two infraclasses, such as metatheria and eutheria. 
[a] Infraclass : Metatheria (pouched mammals) : 
[1] The young ones are born in an immatured condition. 
[2] Immature young ones are then nurtured in the marsupium 18 pouch on 
mother’s abdomen) for further development. 
@ Examples : Macropus (kangaroo), Didelphis (Opossum). 
[b] Infraclass : Eutheria (placental mammals) : 
[1] Their anal and genital apertures are separated. 
[2] In addition to the foetal membranes, there develops a placenta in the uterus 
during the development of foetus. 
[3] They give birth to the young ones. 
@ Examples : Whale, Bat (Pteropus), Monkey (Macaca, ), Guineapig (Cavia), Tiger 
(Panthera tigris), Elephant, Rhinoceros, Man (Homo sapiens), Pangolin (Scaly ant- 
eater), Dugong (Sea-cow). 


1.26.3. IMPORTANCE OF MAMMALS 


Higher grade of protein is mainly available from the domesticated mammalian group. 
Throughout the world, the most delicious meat comes from the goat, lamb, pigs and 
cows. Milk is an another secretory products of cows and female goats. This is regarded 
as an ideal food. Skin of the many mammalian group is of high demand in the leather 
industry. Woolen hairs of lamb are used in the preparation of blanket. White rat, rabbit, 
guineapig, etc., are useful in the laboratories for research work. We get pleasure 
simply by observing the rhinos, elephant, lion, tiger and deers in the Zoos and forests. 
Horse, cows, buffaloes even camel are helping in the transportation ; Camel is known 
as the ‘ship of the desert’. On the other hand, some mammals are doing harmful 
effect on the human society; such as rats and dogs are spreading certain diseases to a 
man, even the rats are damaging the grains in godown as well as crops in the cultivating 
field. 


Table 13: Main differences between Aves and Mammalia 
AVES MAMMALIA 


The body of all the birds is covered by | 1. The body of all the mammals is 

feathers. covered by hairs (hairs may be 
modified into scales, spines and horn). 

2. Mammary glands are present in 
mammals, 

3. In birds, the forelimbs are modified |3. In mammals, the forelimbs are not 
into wings. being modified into wings (except 

bats). 

4. Their beaks are present in front of |4. Beaks are absent in mammals. 


head. 5 


2; -Mammary glands are absent in birds. 


9. 


10. In birds, the RBC contains nucleus. 


Table 14: 
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Their pinna is absent in the external 
ear, 
Teeth are absent in birds. 


In birds, air-sacs are attached with the 
lungs. 

Only the right aortic arch arises from 
the heart. 

Their urinary bladder is absent. 


Points of remember : 


Protozoology 
Entomology 
Malacology 


Ichthyology 
Herpetology 
Ornithology 
Mammology 


MAIN DIFFERENCES 


(Achordata) AND CHORDATA 


ech 


NON-CHORDATA 


Non-chordates are either unicellular or 
multicellular organisms. 

Animals are either diploblastic or 
triploblastic. 

Non-chordates are asymmetric (their 
body cannot be divided in any plane 
to produce two equal halves), radial 
symmetric or bilateral symmetric 
organisms. 

Generally they possess more than two 
pairs of locomotory organs. 

Their true tail is absent. 

Generally they are provided with 
exoskeletal structures like cuticle, shell 
etc. 

They are not provided with notochord 
in any stage of their life-cycle. 
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MAMMALIA 
Pinna is present in the external ear. 


Different types of teeth are present in 
mammals. 
Air-sacs are absent in mammals. 


Only the left aortic arch arises from 
the heart. 
Their urinary bladder is present. 


In mammals, the RBC is without any 


nucleus. 


Study of protozoa. 
Study of insects. 
Study of molluscs. 
Study of fishes. 
Study of reptiles. 
Study of birds. 
Study of mammals. 


BETWEEN NON-CHORDATA 


CHORDATA 
Chordates are multicellular. 


Animals are all triploblastic. 


Their body is bilaterally symmetrical. 


Not more than two pairs of locomotory 
organs are available in chordates. 
Generally true tail is present. 
Generally they are provided with 
exoskeletal structures like scales, 
feathers, hairs, claws etc. 

Notochord is present in the embryonic 
stage. In protochordata though 
notochord is present in the adult stage 
but in vertebrata the notochord is either 
partially or completely replaced by 
vertebral column in adult. 
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11. 


12. 


16. 
17. 


Example : Amoeba, Sponge, Hydra, 


. They never possess pharyngel gill- 


In most of the members, the blood 


In lower non-chordates, the nerve cord 


In the higher group of non-chordates, 
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NON-CHORDATA 


Their internal framework is never | 8. 


formed by bones or cartilages like 
endoskeletal structures. 


Innon-chordates the cranium is absent. 


slits. 

In lower form of non-chordates, the 
definite respiratory organs are absent; 
but in higher form definite respiratory 
organs are present, such as gills, 
tracheal system, book-lung etc. 

In most of the non-chordates, the heart 
is absent ; though in some of them the 
heart is present on the dorsal side of 
the body. 


vascular system is absent ; in higher 
form the blood vascular system may 
be open type (prawn) or closed type 
(earthworm). 


is absent ; but in higher non-chordates 
the nerve cord is soild and situated 
on the ventral side of the body. It is 
not differentiated into brain and spinal 
cord. 


the eyes are compound or simple type. 


Sexes are separate or hermaphrodite. 


Reproduction takes place either by 
asexual or sexual processes. 


Tapeworm, Roundworm, Earthworm, 
Leech, Prawn, Insects, Snails, Starfish. 


CHORDATA 


Though in protochordates the bones 
and cartilages like endoskeletal 
structures are absent but in vertebrates 
their framework of the body is 
composed of bones and cartilages. 

In protochordates though the cranium 
is absent but in vertebrates the cranium 
is present. 


„ Pharyngeal gill-slits are present either 


in embryonic or throughout the life. 


. Definite forms of respiratory organs 


are present. In vertebrates, gills or 
lungs are present as respiratory organs. 


Ine heart is present on the ventral side 


of the body. 


In all members, the blood vascular 


system is closed type. 


In all species of chordates the nerve 


cord is hollow and situated on the 
dorsal side of the body ; it is 
differenciated into brain and spinal 
chord ; in vertebrates brain is in 
cranium and spinal cord is in the 
vertebral column. 


In the chordates, compound eyes are 


absent and the eyes are simple 
binacular type in the vertebrates. 


. Sexes are separate in all the chordates. 
Reproduction always takes place by 


sexual process. 


Examples : Amphioxus, Balanoglossus, 


Ciona, Lamprey, Rohu, Catla, Shark, 
Toad, Lizards, Snakes, Birds, 
Guineapig, Man. 


1. 
2 
3 
4 
5. 
6. 
7 
8 
9. 


10. 


1.27. Important Comparative Account 
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Table 15 : A BRIEF CLASSIFICATION CHART OF ANIMAL KINGDOM 


ANIMAL KINGDOM 
wee (ACHORDATA) CHORDATA 
PHYLUM : PROTOZOA PHYLUM: CHORDATA 
* : PORIFERA | SUB-PHYLUM 
” : CNIDARIA HEMICHORDATA UROCHORDATA CEPHALOCHORDATA VERTEBRATA 
» t CTENOPHORA 
„e =+ PLATYHELMINTHES 1 
: ASCHELMINTHES AGNATHA GNATHOSTOMATA 
£ ANNELIDA CEPHALASPIDOMORPHI 
» 1 ARTHROPODA 
» + MOLLUSCA CLASSES 
» + ECHINODERMAT: 


CHONDRICHTHYES OSTEICHTHYES CROSSOPTERYGII |REPTILIA|MAMMALIA 


Ex: Scoliodon 


Ex : Rohu 


Ex : Lungfish Ex: 


Guineapig 


Ex House 
lizard 


AMPHIBIA AVES 
Ex: Toad Ex; Pigeon 


[A] Distinguish between Bilateral and Radial symmetry : 


Bilateral Symmetry 


Radial Symmetry 


There is a left and right side and only |1. A cut through the axis of the body at 
one particular cut yields two mirror- 
image sections. 

Bilateral symmetry is characteristic of | 2. 
the majority invertebrates and in all 
vertebrate animals. 


any point gives two equal sections that 
are mirror- images of each other. 

Radial symmetry is the characteristic 
feature of the invertebrates such as in 
Ctenophora, Cnidarians and 
Echinoderms. 


[B] Distinguish between Acoelomates and Pseudocoelomates : 


Acoelomates 


There are certain animals which have 
no coelom though they are 
triploblastic. 


The animals which have no coelom are 2. 


known as acoelomates. 


Example: Phylum Platyhelminthes. 


Pseudocoelomates 


There are certain animals which have 
pseudocoelom or false coelom because 
this coelom arised from the blastocoel 
and is lined on one side by endoderm 
and the other end by mesoderm. 

The animals which have pseudo- 
coelom are known as 
pseudocoelomates. 

Example : Phylum Aschelminthes. 


480 


w 


2 


A TEXT BOOK OF BIOLOGY 


[C] What are the differences between Parazoa and Enterozoa : 


Parazoa 


The animals are multicellular but the | l. 
tissue grade of organisation has not 
been developed and so their body cells 
are slightly independent. 

They remain as solitary branch in the | 2. 
evolutionary scale, i. e., they never give 
rise to the next higher group. 
Example : Porifera. 


Enterozoa 


The animals are multicellular and have 
developed the tissue grade of orga- 
nisation. 


They form the main branch in the 
evolutionary scale, i.e., they give rise 
to the next higher group. 

Example : Invertebrates except 
porifera. 


[D] Distinguish between Flatworms and Roundworms : 


Flatworms 


The animals are dorso-ventrally flat 
and include in the phylum 
Platyhelminthes. 

Generally they are segmented and 
ribon-like. 

They are acoelomate animals. 

The alimentary canal if present it is 
incomplete. 

In the incomplete alimentary canal, 
there is mouth but no anal aperture. 
Example: Taenia 


Roundworms 


The animals are round and elongated 
and include in the phylum 
Aschelminthes. 

Generally they are unsegmented. 


They are pseudocoelomates. 

The alimentary canal is straight and 
complete. 

Mouth and anal aperture both are 
present. 

Example : Ascaris. 


[E] State with example the difference between Coelomata and 
Pseudocoelomata : 


Coelomata 
Animals bearing body cavity which is | 1. 
guarded by mesodermal cell layer are 
known as coelomata. 


Example : Phylum Annelida to class |2. 
Mammalia. 


[F] Distinguish between Coelom and 
Coelom 


It is a body cavity which is lined by J. 
mesodermal cells. 

Example: Phylum Annelida to class | 2. 
mammalia. 


Pseudocoelomata 


Animals bearing body cavity which is 
guarded by cells other than the 
mesodermal ones are known as 
pseudocoelomata. 
Example : Phylum Aschelminthes/ 
Nemathelminthes. 


Coelenteron : 


Coelenteron 
It is a body cavity which is lined by 
endodermal cells. 

Example : Phylum Cnidaria. 
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[G] Write differences in the Coelomata and Coelenterata : 


Coelomata 
They are triploblastic animal. 


They possess true body cavity which 
is known as coelom. 


The animals are bilaterally 
symmetrical either in adult or larval 
stage. 


Nematocysts are absent in the 
coelomata. 


They are aquatic or terrestrial. 


Example : Annelida to Mammalia. 


Notochord 


Notochord is a flexible rod-like 
structure in the chordates. 


Notochord is situated on the dorsal 
region of the alimentary canal. 


Notochord gives mechanical support 
to the body. 


Notochord is present in all the chorda- 
tes either in the embryonic life or in 
the adult stage. 


Coelenterata 
They are diploblastic animal. 


They possess a body cavity which is 
known as coelenteron or 
gastrovascular cavity. This cavity is 
lined by endodermal cells. 


Radial symmetry is the characteristic 
feature of the coelenterata. 


Nematocysts as defensive organ are 
present in the coelenterata. 


They are all aquatic. 


Example : Obelia, Aurelia etc. 


Nerve cord 
Nerve cord is a soft and hollow tube 
in the chordates. 


Nerve cord is situated on the dorsal to 
the notochord. 


Nerve cord controls and co-ordinates 
the activities of the body. 


Nerve cord is present in the adult stage 
of all the chordates. 


Il Distinguish between Catfish and Dogfish : 


Catfish 


osteichthyes. 


In the catfish, the gill-slits are covered | 2. 


by an operculum. 


Example : Magur, Singhi etc. 


2253—31 


Catfish is a bony fish in the class | 1. 


Dogfish 


Dogfish is a cartilaginous fish in the 
class chondrichthyes. 


In the dogfish, the gill-slits are not 
covered by an operculum, i.e., 
operculum is absent. 


Example : Sharks, 
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[J] You are given two specimens, one a tadpole and other a fishling ; how would 
you identify them : 
Ans: Identifying characters are given in the following table : 
Fishling 
In tadpole, there is a sucker on the In fishling, sucker is absent on the 
anterior end of the head. anterior end of the head. 
2. In tadpole, mouth aperture is present 2. In fishling, mouth aperture is present 

on the ventral surface of the head. on the anterior end of the head. 
3. Three pairs of external gills are present 3. External gills are absent in the fishling. 

in the tadpole. 

4. There is no operculum in the tadpole. 4. Operculum is present in the fishling. 
5. Unpaired fins without fin-rays. 5. Paired and unpaired fins with fin-rays. 


Tadpole 


[K] In what respect does a house lizard differ from a salamander ? 


House lizard 


Salamander 


Salamander is under the class of l. House lizard is under the class of 

Amphibia. Reptilia. 

2. Incase of salamander, the skin is naked |2. In case of house lizard, the skin is dry 
and glandular. with epidermal scales. 

3. The digits of the limbs are without any 3. The digits of the limbs are provided 

claws. with claws. 


[L] Distinguish between Poikilothermic and Homoiothermic animals : 


Homoiothermic 


Poikilothermic 
Poikilothermic animals are unable to | 1. Homoiothermic animals are able to 
control their body temperature. maintain their body temperature within 
a specific limitations. 

2. Their body temperature fluctuates 2. Their body temperature never 
according to the environmental fluctuates according to the 
temperature. So they are commonly environmental temprature. So they are 
known as cold-blooded animals. commonly known as warm-blooded 

animals. 

3. Example : Fishes, amphibians and |3. Example : Birds and mammals. 

reptilians. 


Table 16: Important animals of the animal kingdom with their common name, 
scientific name and group are mentioned below. 


SL. | COMMON SCIENTIFIC PHYLUM/ | REMARK 
NAME CLASS 


Protozoa 


Because of its body slipper- 
like, it is called slipper 
animalcule. 

Because the proper body 
is inverted bell-like. 


Paramoecium 
caudatum 


Slipper animalcule 


Protozoa 


Bell-animalcule Vorticella Sp. 
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SL. | COMMON SCIENTIFIC PHYLUM/ 
NO.] NAME NAME CLASS 


Crown sponge Sycon coronata Porifera 


REMARK 


Because the fringe of long and 
straight spicules at the top 
looks like a little crown, 


4. | Venus’s flower Euplectella Porifera 
baskets aspergillum 
5. | Dead man’s fingers | Chalina Sp. Porifera Because it is shaped like a 
hand with several fingers. 
6. Sea-fur Obelia geniculata Cnidaria 
7. | Jelly-fish Aurelia aurita Cnidaria 
8. | Sea anemone Metridiun Cnidaria 
marginatum 
9, | Portuguese-man Physalia Sp. Cnidaria 
-of war 
10. | Sail-by-the-wind Velella Sp. Cnidaria 
11. | Organ-pipe coral Tubipora Sp. Cnidaria 
12. | Sea fan Gorgonia flabellum | Cnidaria 
13. | Red coral Corallium rubrum Cnidaria 
14. | Seapen (Sea- Pennatula aculeata | Cnidaria Because of its pen or feather 
feather) like appearance. 
15. | Mushroom coral Fungia Sp. Cnidaria 
16. | Stag-horn coral Madrepora Sp. Cnidaria 
17. | Star-coral Astraea Sp. Cnidaria 
18. | Brain-coral Meandrina Sp. Cnidaria It looks like convolutions of 


the human brain, 


Ctenophora 
Platyhelminthes|It is called fluke on account of 
flat, leaf-like form. 
Platyhelminthes] It is called tapeworm on 
account of flat |ribbon-like form. 


Velamen Sp. 
Fasciola hepatica 


Venus’s girdle 
Liver fluke 


Pork tapeworm Taenia solium 


Blood fluke 
Dog tapeworm 


Schistosoma Sp. 
Echinococcus 
granulosus 
Ascaris lumbricoides 
Trichuris trichiura 
Ancylostoma 
duodenale 
Enterobius 


Aschelminthes 
Aschelminthes 
Aschelminthes 


Roundworm 
Whipworm 
Hookworm 


Pinworm Aschelminthes 


vermicularis 
28. | Filarial worm Wuchereria bancrofti| Aschelminthes 
29, | Indian cattle Hirudinaria Annelida 
leech granulosa 

30. | Sea mouse Aphrodite aculeata | Annelida 

31. | Paddle worm Chaetopterus Sp. Annelida 

32. | Scale worm Polynoe Sp. Annelida 

33. | Lug worm Arenicola Sp. Annelida 

34. | Medicinal leech Hirudo medicinalis | Annelida 

35. | Black beetle Blatta orientalis Arthropoda 


(Oriental cockroach) 
Migratory desert 
locust 


Schistocerca Arthropoda 


gregaria 
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SL.| COMMON SCIENTIFIC 
NO NAME NAME 


. | Housefly Musca domestica Arthropoda 
38. | Honey bee Apis indica Arthropoda 
39. | Water flea Daphnia Sp. Arthropoda 
40. | Goose (ship) Lepas Sp. Arthropoda Its stalk is attached to the 


wooden ship. 
Sessile barnacle is attached to 


barnacle 


41. | Rock barnacle Balanus Sp. Arthropoda 
rocks. 

42. | Mole crab Hippa Sp. Arthropoda 

43. | Hermit crab Eupagurus Sp. Arthropoda 

44, | Silver fish Lepisma Sp. Arthropoda Because of its glistening 
silvery white, fish-like 
body is called silver-fish. 

45. | Praying mantis Mantis religiosa Arthropoda 

46. | Stick insect Carausius Sp. Arthropoda 

47. | Mosquito-hawk Agrian Sp. Arthropoda As mosquitoes form their main 

(Dragon-fly) diet. 

48. | Human body louse Pediculus humanus | Arthropoda It is an ectoparasite that 
adheres to the head hairs. 

49. | Earwig Forficula Sp. Arthropoda Superstitious belief that it 
would crawl into the ear of a 
sleeping person. 

50. | Fruit-fly Drosophila Arthropoda It is a fruit feeder. 

melanogaster 

51. | Rat flea + Xenopsylla cheopsis Arthropoda It feeds the blood of rat and is 
the transmitter of plague. 

52. | Apple snail Pila globosa Mollusca It looks like an apple. 

53. | Freshwater Lamellidens Mollusca 

mussel marginalis 

54, | Elephant’s Dentalium Sp. Mollusca 

tusk-shell 

55. | Cowrie Cypraea moneta Mollusca 

56. | Sea-hare Aplysia Sp. Mollusca Because its soft, lumpy body 
resembles a hare. 

57. | Sea-lemon Doris tuberculata Mollusca 

58. | Grey slug Limax Sp. Mollusca 

59. | Sea-mussel Mytilus viridis Mollusca 

60. | Razor clam Solen Sp. Mollusca Because of its resemblance to 
a barber’s razor, 

61. | Shipworm Teredo Sp. Mollusca It is destructive to wood of the 
ship but is not a worm. 

62. | Cuttle-fish Sepia officinalis Mollusca 

63. | Squid (Sea-arrow) Loligo vulgaris Mollusca Spindle-like body hence the 
common name is Sea-arrow. 

64. | Devil-fish Octopus punctatus Mollusca 

65. | Starfish Asterias rubens Echinodermata] It looks like a star but it is not 

a true fish. 
66. | Sea urchin Echinus Sp. Echinodermata 
67. | Cake urchin Clypeaster Sp. Echinodermata | Because of its cake-like 


flattened body. 
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COMMON SCIENTIFIC PHYLUM/ 
| NAME NAME CLASS 


Basket star Gorgonocephalus Sp} Echinodermata 


REMARK 


. | Sea cucumber Cucumaria Sp. Echinodermata 
70. | Feather star Antedon Sp. Echinodermata 
71. | Lamprey Petromyzon marinus | Cyclostomata Eel-like cylindrical vertebrate 
body. 
72. | Hagfish Myxine Sp. Cyclostomata 3 
73. | Lungfish Protopterus Sp. Crossopterygii | The swim bladder is modified 
into the lung. There is gill also. 
74. | Dogfish Scoliodon Chondrichthyes | It is a cartilaginous marine 
sorrakowah fish. 
75. | Sawfish Pristis cuspidatus Chondrichthyesſ The rostrum of the fish is saw- 
like. 
76. | Hammer-head shark | Sphyrna zygaena Chondrichthyes | The head assumes the shape of 
hammer. 
77. | Sting ray Trygon Sp. Chondrichthyes | The tail is modified ina 
lashing sting. 
78. | Electric ray Torpedo marmorata Chondrichthyes | Electric organs are present on 
the body. 
79, | Rat-fish Chimaera monstroso| Chondrichthyes 
80. | Snake-headed fish Channa punctatus | Osteichthyes Because the head resembles 
superficially that of snake. 
81. | Sea dragon Phycodurus eques Osteichthyes 
82. | Sea horse Hippocampus Sp. Osteichthyes It is a superficial resemblance 
with the head of horse. 
83. | Flying fish Exocoetus volitans | Osteichthyes Float rapidly through the air. 
84. | Globe fish Tetrodon cutcutia Osteichthyes | Because the body is globose 
: in shape. 
85. | Cat fish Heteropneustes Osteichthyes 
fossilis 
86. | Tree-frog Rhacophorus Amphibia 
maculatus 
87. | Mud-puppy Necturus Sp. Amphibia 
88. | Midwife toad Alytes Sp. Amphibia 
89. | Flying lizard Draco Sp. Reptilia 
90. | Horned toad Phrynosoma Sp. Reptilia 
91. | House lizard Hemidactylus Sp. Raptilia 
92. | Spiny ant-eater Tachyglossus Sp. Mammalia As the body covers with spines 
and it is ant eater hence 
popularly it is known as 
spiny ant-eater. 
93. | Duck-bill mole Ornithorhyncus Mammalia Egg laying mammal and the 
bill is more or less like duck, 
94. | Tasmanian devil Sarcophilus Sp. Mammalia Marsupial (Pouched mammal) 
95, | Banded ant-eater Myrmecobius Sp. Mammalia 
96. | Rat Kangaroo Bettongia Sp. Mammalia 
97. | Flying opposum Petaurus Sp. Mammalia 
98. | Vampire bat Desmodus Sp. Mammalia It is placental mammal and 
also sanguinivorous. 
99. | Scaly ant-eater Manis Sp. Mammalia As the body covers with scales 


and live on ants and termites, 
hence it is popularly known as 
scaly ant-eater. 
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SL. | COMMON SCIENTIFIC PHYLUM/ 
NO.| NAME NAME CLASS 


-| Ring-tailed Lemur catta Mammalia 
lemur 


REMARK 


101.) Spider monkey Ateles Sp. Mammalia 

102. Rhesus monkey Macaca Sp. Mammalia 

103.) Blue whale Balaenoptera Mammalia It is the largest of all whales, 

musculus The dorsal side body-colour 

is blue, hence popularly it is 
called blue whale. 

104.) Sperm whale Physeter catodon Mammalia 

105.} Bottle-nosed whale | Hyperoodon Sp. Mammalia 

106.} Sea-lion Eumetopias Sp. Mammalia It is marine carnivore. 

107.] Sea-cow Dugong Sp. Mammalia It is purely marine 
herbivorous animal. 

108.) Musk-deer Moschus Sp. Mammalia The male possess musk 
pouch on the abdomen. 

109.] Mouse-deer Tragulus Sp. Mammalia 


1.28. Matters to Recollect 


More than ten lakhs of animal species are included in the animal kingdom. Groups 
of animals which are formed on the basis of interrelationships are known as 
classification, The biggest group of classification is known as phylum and the 
smallest unit of classification is the species. 

The classification has been done on different angles. As for example — on the 
basis of number of cells or on the basis of presence and absence of notochord, 
i.e., unicellular and multicellular, or non-chordata (achordata) and chordata. 

e Non-chordata (Achordata) can be classified into ten major phyla and many 
controversial minor phyla. But the chordate animals are included into a single 
phylum known as chordata. So the major important animals of the animal kingdom 
have been distributed into eleven phyla. 

About 30,000 unicellular microscopic animal species have been included in the 
phylum Protozoa. They are the most primitive animals. 

®S° Phylum Porifera consists of 5000 species. Though they are multicellular yet they 
are without any organ-systems but contain many minute pores on the body with 
canal system. So they are known as pore-bearing animals. They are commonly 
known as sponges. 

ts Approximately 10,000 species are included in the phylum Cnidaria. Their 
bodywall is composed of two cell layers and so they are diploblastic animals with 

tentacles and nematocysts. They all possess mouth along with the canals inside 
the body. Though the tissue-systems are present yet they are lacking the definite 
organ-systems. Division of labour in the physiological functions for the first time 
has been observed in the cnidarians. 

tS In the phylum Ctenophora, only 100 species are included. They are all free floating 
marine animals. They are jelly-like soft bodied animals with eight comb-plates 
but without any nematocysts. 

About 10,000 species combine to form the phylum Platyhelminthes. They are 


CLASSIFICATION OF ANIMAL KINGDOM 487 


all dorsoventrally flat, bilaterally symmetrical and triploblastic animals. Majority 
of the members are parasitic. 

Phylum Aschelminthes consists of 12,000 species. Their body is unsegmented, 
bilaterally symmetrical, triploblastic and pseudocoelomate. Many members are 
parasitic in habit. 

Approximately 8700 species are included in the phylum Annelida. They are 
triploblastic and segmented body just like the rings and possess true coelom. 
About 10,00000 species have been included in the phylum Arthropoda. It is the 
biggest phylum in the animal kingdom. They are coelomate, chitinoid and 
segmented body with jointed appendages. As their appendages are jointed so 
they are known as arthropods. These arthropods are also important on economic 
point of view. 

The phylum Mollusca consists of about 80,000 species. They are unsegmented, 
soft bodied animals and covered by a membrane known as mantle. Generally 
their body is covered with hard shell. Pearl is formed in some of the members of 
this phylum. 

The phylum Echinodermata is formed by 5,300 marine members. They are 
radially symmetrical with five arms. Their body is covered by spines, so they are 
regarded as echinoderms. 

About 45,000 species are included in the phylum Chordata. They all possess 
flexible rod-like notochord which persists either throughout the life or during the 
embryonic stage only. 

The notochord of the three sub-phyla like hemichordata. urochordata and 
cephalochordata does not replaced by vertebral column ; so these three sub-phyla 
are collectively known as primitive chordates or protochordata. 

About 100 marine species are included in the sub-phylum Hemichordata. Their 
notochord is placed in the proboscis which is situated in front of the mouth 
aperture; so the sub-phylum is named as half-chordata or hemichordata. 

The sub-phylum Tunicata or Urochordata consists of 100 marine species. The 
body of the majority members is covered with a tunic or test, so they are known as 
tunicates. However the notochord is restricted only in the tail region, so they are 
also named as urochordates. 

Small numbers of marine species are included in the sub-phylum 
Cephalochordata. Their notochord is extended from the anterior part of the brain 
to posterior most region ; so they are named as cephalochordates. 

In the sub-phylum Vetebrata, the notochord is replaced either partially or 
completely by vertebral column, So they are known as vertebrates. Hence it is 
said that all vertebrates are chordates but all chordates are not vertebrates. 
Small mumber of vertebrates which have no jaws they are included in the superclass 
Agnatha. They are ectoparasites on fishes. 

Majority of the vertebrates which have jaws are included in the superclass 
Gnathostomata. All the members from fishes to mammals are included in the 
gnathostomata. 

The class Chondrichthyes consists of about 3,000 species like sharks and rays. 
Their endoskeleton is made up of only cartilages ; so they are known as 
cartilaginous fishes. They have no gill cover. 
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The class Osteichthyes consists of about 2,000 Species of diverse kind of fishes, 
Their endoskeleton is made up of bones ; so they are known as bony fishes. Their 
gills are covered by operculum. 

e Cartilaginous and bony fishes must have paired and unpaired fins with fin- 
rays. Fishes are oviparous. 

r In Crossopterygii, there are three serviving genera of lung fishes such as 
Neocratodus, Lepidosiren and Protopterus. 

he class Amphibia consists of about 2,000 species. Most amphibians like toads 
and frogs lead their life both in water as larval stage as well as in land as adults, 
So they have two phases of life ; hence they are regarded as amphibians. 

About 6,000 poikilothermic species of lizards, snakes, turtles and crocodiles have 
been included in the class Reptilia. They are the true terrestrial animals. As they 
are creeping on land they are called as reptiles. They possess dry epidermal scales 
with claws, 

re The class Aves consists of about 8,650 species of birds. Their body is covered 
with feathers and forelimbs are modified into wings. They are homoiothermic 
animals and they have evolved from the reptiles. 

he class Mammalia is composed of about 6,000 homoiothermic species of diverse 
habitats. They possess mammary glands and their body is covered with hairs. The 
mammals have evolved from the reptilian stalk, 


1.29. Summary 


Protozoans are complete organism in a Single cell. They move by pseudopods, 
by flagella or by cilia. Locomotory organelles are also used for capture of food. The 
modes of nutrition in protozoa are holophytic (Euglena), holozoic, saprozoic or 
parasitic. Reproduction occurs by asexual and sexual processes, Sexual reproduction 
occurs by conjugation process. Many protozoans are the causative organisms of 
many diseases of man. 

Porifera (sponges) are multicellular animals occurring in fixed forms in the sea 
and in freshwater. Sponges are separated from other metazoans in having the body 
composed of aggregation of cells which do not form any tissue or organ-system. 
The surface of the body carries ostia through which water flows into the canals. 
They possess flagellated collar cells but without any nerve and muscle cells, 
Reproduction occurs by asexual and sexual processes. Sexual reproduction occurs 
by ova and sperm, 

Cnidarians are true multicellular animals with the tissue grade of organisation 
though they are diploblastic animals. They live in aquatic medium and their sessile 
forms are the polyps, and locomotory and sexual form are the medusae. They possess 
nerve cells and muscle fibres. Polymorphism is shown by certain cnidarian colonies 
which are formed by zooids. They possess nematocysts which are acting as weapons 
for offence and defence. Modes of reproduction are asexual and sexual, 

The animals of the phylum Ctenophora are triploblastic without any nematocysts. 
They are transparent, free floating, solitary marine animals. They are provided with 
ciliated comb · plates. Tentacles if present are two in number and the tentacles are 
solid and retractile. They are all hermaphrodite. 
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The animals of the phylum Platyhelminthes are bilaterally symmetrical and 
they are triploblastic acoelomate. Their body is soft with dorsoventrally fattened, 
Their digestive tube is incomplete or none, Anus is absent, Excretion is done by 
flame cells and canals, Sexes are united, Life history is generally complecated, 
They are either free living in damp soil or parasitic. 

Aschelminthes animals are triploblastic with pseudocoelomate and unsegmented 
cylindrical body. The digestive tract is complete with mouth and anus at opposite 
ends, Their body wall contains cuticle and longitudinal muscle fibres only, 
Circulatory and respiratory organs are absent, Nerve cords with nerve ring are present, 
Sexes are separate. They are mostly parasites. 

Annelids are clongated, coelomate and metamerically segmented. Digestive tract 
is straight and complete with mouth and anus, Vascular system is generally closed. 
Paired nephridia are segmentally arranged, There is a ganglionated mid-ventral 
solid nerve cord, 

Arthropods are externally segmented body with bilaterally symmetrical, 
Chitinous exoskeleton is rigid and hard, Legs are jointed ending in claws, They are 
coelomate but the coelom is reduced forming haemocoel. Their vascular system is 
open type, Excretion is done by antennary glands, coxal glands or by malpighian 
tubules, Growth occurs by ecdysis. There is often metamorphosis in development, 

Molluscs are bilaterally symmetrical in head, foot and visceral organs often 
altered to asymmetry. They are coelomate but the coclom is reduced, They are soft, 
unsegmented body. There is mantle often secreting calcareous shell of one or more 
pieces. There is a muscular foot. Nervous system consists of ganglia with their 
connectives, 

Echinoderms are all marine, They are coelomate with unsegmented body. 
Animals are radially symmetrical of endoskeleton of calcareous plates. There is 
water vascular system connected with tube feet. There are spines on the outer surface 
of the body, There is well developed alimentary canal. Heart and special excretory 
organs are absent, Sexual reproduction occurs, 

Chordates possess notochord, pharyngeal gill-slits and dorsal hollow nerve cord. 
They are coelomate animals, Protochordata consists of hemichordata, urochordata 
and cephalochordata. In protochordata, cranium, jaws, vertebrae, paired fins are all 
absent. 

Sub-phylum Vertebrata is also known as craniata. In vertebrates the skeleton 
is the hard part of the body, mainly made of cartilages and bones, Jaws are absent in 
the Super-class Agnatha but jaws are present in the Super-class Gnathostomata. In 
cartilaginous fishes, the skin is tough with placoid scales and mouth is on the ventral 
side, The endoskeleton is made up of cartilages. There are paired and unpaired fins, 
supported by fin-rays. There is no operculum and 5-7 pairs of gill-slits are present, 
Notochord is persisting. In bony fishes, the skeleton is mainly composed of bone, 
The skin is slimy and the body is mainly covered by dermal scales, There are mainly 
paired and unpaired fins with bony fin-rays. The mouth is terminal. Respiration 
takes place by gills which are covered by operculum. Swim bladder is present. In 
lung fishes (dipnoans), the swim bladder is modified into the lung. The operculum 
covers the gill-slits. The lung is supplied with pulmonary artery and pulmonary 
vein, Notochord is persistent. 
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Amphibians are represented the first group of land vertebrates. They are 
tetrapods with moist glandular skin. They are cold-blooded vertebrates. Generally 
notochord is absent. Adult terrestrial amphibians breathe through lungs and moist 
skin. The heart consists of two auricles and a ventricle. Kidneys are mesonephros. 
They possess ten pairs of cranial nerves. Amphibians lay eggs. 

Reptilians are primarily terrestrial animals. Their body is covered with dry 
epidermal scales. They possess paired pentadactyl limbs with claws. (except snakes). 
Usually a postanal tail is present. They are poikilothermal animals. They are lung 
breathers. They possess 12 pairs of cranial nerves. There is metanephric kidney. 

All birds are included in the class aves. They are warm-blooded animals. Their 
body is covered by feathers. Their forelimbs are modified into wings. Their heart is 
four chambered. They possess beaks and teeth are absent. They lay eggs. 

The body of all mammals are covered with hairs. They possess mammary glands. 
Pinna is present in most mammals. Internally a diaphragm is present. Heart of 
mammals consists of two auricles and two ventricles. There is only left aortic arch. 

Most of the mammals give birth to the young ones. 


1.30. Naming/Discovery/Discoverer 


[1] A. V. Leeuwenhoek (1675) first observed the protozoans under the microscope. 
[2] Goldfuss (1817) first naming the term protozoa. 
[3] Robert Grant (19th century) first naming the term porifera. 
[4] Eschscholtz (1829) : The name ctenophora was first introduced by him. 
[5] Hatschek (1888) elevated the ctenophora into phylum status. 
[6] Gegenbaur (1859) : The name of platyhelminthes was first introduced by him. 
[7] Grobed He for the first time introduced the term aschelminthes. 
[8] J. B. Lamarck : The term annelida was introduced by him. 
[9] Von Siebold (1845) : The term arthropoda was introduced by him. 
[10] Aristotle (384-322 B. C.): He introduced the term mollusca. 
[11] Jacob Klein (1734) : The term echinodermata was first introduced by him. 
[12] Robertson (1959) and Bone (1972) : They proved that the chordates were evolved 
in sea. 


1.31. Answer To Special Questions : 


[1] Write the phylum of each of the following :- 
(a) Sea-cucumber, (b) Sea horse, (c) Sea mouse, (d) Sea anemone, (e) Sea hare. 
IJ. E. E. 1989] 


Ans. (a) Sea-cucumber : Phylum Echinodermata 
(b) Sea horse : z Chordata 
(c) Sea mouse 8 i Annelida 
(d) Sea anemone : A Cnidaria 
(e) Sea hare 8 2 Mollusca 


[2] Name the animal where the following are found :- 
(a) Flame cell, (b) Contractile vacuole, (c) Parapodia, (d) Haemocoel, 
(e) Diaphragm. IJ. E. E. 1989] 


[3] 


Ans. 


[4] 


(a) Cat fish 
(b) Cuttle fish 


(c) Jelly fish 
(d) Cray fish 


(e) Silver fish 


[5] 


Ans. 


[6] 


Ans. 
[7] 


Ans. 


[8] 
Ans. 
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Ans. (a) Flame cell ; Tapeworm 

(b) Contractile vacuole : Amoeba 

(c) Parapodia ; Nereis 

(d) Haemocoel ; Prawn 

(e) Diaphragm i Guineapig (or any mammel). 
State where the following are found and what is their function : 
(i) Choanocyte (ii) Nematocyst (iii) Parapodium. [J.E.E. 1989] 


(i) Choanocyte : This type of cells is found in the phylum Porifera. Choanocytes 
produce water current and take up food materials from water. 

(ii) Nematocyst : This is present in the phylum Cnidaria. It acts as defensive 
organ, 

(iii) Parapodium This is present in some aquatic annelids of the phylum 
Annelida. It helps in swimming in water as well as respiratory in function. 
Give the phylum of each of the following and state the important 
characteristics of each : 

(a) Cat fish (b) Cuttle fish (c) Jelly fish (d) Cray fish (e) Silver fish. 


[J.E.E. 1987] 
Phylum 


Chordata 
Mollusca 


Characteristics 


Barbs as well as notochord are present 
There is internal shell as well as the 
body is soft and undivided. 

The body is jelly-like transparent and 
consists of nematocysts. 

Carapace, rostrum and jointed legs are 
present. 

The body colour is silvery and the three 
pairs of legs are jointed. 


Cnidaria 
Arthropoda 


Arthropoda 


State the phylum where the following are found : 
(a) Ecdysis (b) Comb-plate (c) Nephridia (d) Tube foot (e) Osculum. 

J. E. E. 1988) 
(a) Ecdysis occurs in the phylum Arthropoda. 
(b) Comb-plate is present in the animals of the phylum Ctenophora. 
(c) Nephridia are found in the phylum Annelida. 
(d) Tube foot is present in the phylum Echinodermata. 
(e) Osculum occurs in the phylum Porifera. 
Name the phylum which includes the highest number of animals. 

(J.E.E. 1998) 
Name of the phylum is Arthropoda. 
Name the exclusive marine phylum mentioning one character of that 
phylum. [J.E.E. 1999] 
Phylum : Echinodermata 
Character : The surface of the body is covered by warts or calcareous ossicles 
and spines. 
What are tube foot and comb-plates ? IJ. E. E. 1985] 
Tube foot: There are large number of small tube-like retractile projections on 
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Amphibians are represented the first group of land vertebrates. They are 
tetrapods with moist glandular skin. They are cold-blooded vertebrates. Generally 
notochord is absent. Adult terrestrial amphibians breathe through lungs and moist 
skin. The heart consists of two auricles and a ventricle. Kidneys are mesonephros. 
They possess ten pairs of cranial nerves. Amphibians lay eggs. 

Reptilians are primarily terrestrial animals. Their body is covered with dry 
epidermal scales. They possess paired pentadactyl limbs with claws. (except snakes). 
Usually a postanal tail is present. They are poikilothermal animals. They are lung 
breathers. They possess 12 pairs of cranial nerves. There is metanephric kidney. 

All birds are included in the class aves. They are warm-blooded animals. Their 
body is covered by feathers. Their forelimbs are modified into wings. Their heart is 
four chambered. They possess beaks and teeth are absent. They lay eggs. 

The body of all mammals are covered with hairs. They possess mammary glands. 
Pinna is present in most mammals. Internally a diaphragm is present. Heart of 
mammals consists of two auricles and two ventricles. There is only left aortic arch. 
Most of the mammals give birth to the young ones. 


1.30. Naming/Discovery/Discoverer 


[1] A. V. Leeuwenhoek (1675) first observed the protozoans under the microscope. 
[2] Goldfuss (1817) first naming the term protozoa. 
[3] Robert Grant (19th century) first naming the term porifera. 
[4] Eschscholtz (1829) : The name ctenophora was first introduced by him. 
[5] Hatschek (1888) elevated the ctenophora into phylum status. 
[6] Gegenbaur (1859) : The name of platyhelminthes was first introduced by him. 
[7] Grobed : He for the first time introduced the term aschelminthes. 
[8] J. B. Lamarck : The term annelida was introduced by him. 
[9] Von Siebold (1845) : The term arthropoda was introduced by him. 
[10] Aristotle (384-322 B. C.): He introduced the term mollusca. 
[11] Jacob Klein (1734) : The term echinodermata was first introduced by him. 
[12] Robertson (1959) and Bone (1972) : They proved that the chordates were evolved 
in sea. 


1.31. Answer To Special Questions : 


[1] Write the phylum of each of the following :- 
(a) Sea-cucumber, (b) Sea horse, (c) Sea mouse, (d) Sea anemone, (e) Sea hare. 
[J.E.E. 1989] 


Ans. (a) Sea- cucumber : Phylum Echinodermata 
(b) Sea horse $ X Chordata 
(c) Sea mouse 5 si Annelida 
(d) Sea anemone : = Cnidaria 
(e) Sea hare P BY Mollusca 


[2] Name the animal where the following are found :- 
(a) Flame cell, (b) Contractile vacuole, (c) Parapodia, (d) Haemocoel, 
(e) Diaphragm. [J.E.E. 1989] 


[4] 


(a) Cat fish 
(b) Cuttle fish 
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Ans. (a) Flame cell z Tapeworm 

(b) Contractile vacuole : Amoeba 

(c) Parapodia ; Nereis 

(d) Haemocoel $ Prawn 

(e) Diaphragm : Guineapig (or any mammel). 
State where the following are found and what is their function: 
(i) Choanocyte (ii) Nematocyst (iii) Parapodium. [J.E.E. 1989] 


(i) Choanocyte : This type of cells is found in the phylum Porifera. Choanocytes 

produce water current and take up food materials from water. 

(ii) Nematocyst : This is present in the phylum Cnidaria. It acts as defensive 

organ. 

(iii) Parapodium This is present in some aquatic annelids of the phylum 

Annelida. It helps in swimming in water as well as respiratory in function. 

Give the phylum of each of the following and state the important 

characteristics of each : 

(a) Cat fish (b) Cuttle fish (c) Jelly fish (d) Cray fish (e) Silver fish. 
IJ. E. E. 1987] 


Characteristics 


Chordata 
Mollusca 


Barbs as well as notochord are present 
There is internal shell as well as the 
body is soft and undivided. 


(c) Jelly fish Cnidaria The body is jelly-like transparent and 
consists of nematocysts. 

(d) Cray fish Arthropoda Carapace, rostrum and jointed legs are 
present. 

(e) Silver fish Arthropoda The body colour is silvery and the three 


[5] 


Ans. 


Ans. 


[8] 
Ans. 


pairs of legs are jointed. 


State the phylum where the following are found : 
(a) Ecdysis (b) Comb-plate (c) Nephridia (d) Tube foot (e) Osculum. 

(J.E.E. 1988) 
(a) Ecdysis occurs in the phylum Arthropoda. 
(b) Comb-plate is present in the animals of the phylum Ctenophora. 
(c) Nephridia are found in the phylum Annelida. 
(d) Tube foot is present in the phylum Echinodermata. 
(e) Osculum occurs in the phylum Porifera. 
Name the phylum which includes the highest number of animals. 

(J.E.E. 1998) 
Name of the phylum is Arthropoda. 
Name the exclusive marine phylum mentioning one character of that 
phylum. [J.E.E. 1999] 
Phylum : Echinodermata 
Character: The surface of the body is covered by warts or calcareous ossicles 
and spines. 
What are tube foot and comb-plates ? [J.E.E. 1985] 
Tube foot : There are large number of small tube-like retractile projections on 
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cither side of the amburacral groove of the echinoderms and these retractile 
Projections are called tube feet. These are helping in locomotion, feeding, 
respiration and excretion. 

Comb-plates : ‘These are composed of cilia and these comb plates are present 
in the animals of the phylum ctenophora. Comb-plates are arranged 
longitudinally on the outer surface of the body. Comb-plates are acting as 
locomotory organ. 

How the name of phylum Chordata derived ? [J.E.E. 1996} 
The chorda dorsalis or notochord is the prime identifying structure of the chordata 
and the group derives its name from the Greek word chorda. 

Describe the main characteristics of a chordata. Give two characteristics 
of phylum chordata. JE. E. 1996, 98 
(i) There is a notochord or chorda dorsalis at some or other stage of their life. 
(ti) There is a dorsal hollow tubular nerve cond. 

(iii) There are pharyngeal gill-slits or gill-clefts universally in all the chordates 
at some stage of their life-cycle, 

Write briefly about notochord, J. E. E. 1995) 


some stage of development of all chordates. It is also known as chorda dorsalis, 
State two important vertebrate characters which are absent in invertebrate 
chordates, [J.E.E. 1987] 


Give names of three invertebrate-chordates/Write the scientific names of 
three invertebrate chordates. J. E. E. 1987 
(i) Ascidia Sp. 

di) Balanoglossus Sp. 

(iii) Branchiostoma Sp. 

Why invertebrate chordates are called so ? [J.E.E. 1988) 
There are certain animals of the chordates where the notochord is present 
throughout the life or only in the larval stage and the notochord is not being 
replaced by vertebral column, Hence these animals are known as invertebrate 
chordates or lower chordates, 

Write the distinguishing feature of notochord of each of the sub-phyla 
and give one example of each of this group of animals, J. E. E. 1988) 
Sub-phylum Hemichordata : The notochord is extended upto the half part of 
the body. It is also known as stomochord because it is the extended part of the 
gut. 


Example : Balanoglossus sp. 

Sub-phylum Cephalochordata : The notochord is extended beyond the nerve 
cord of the anterior end. 

Example : Branchiostoma sp. 


Ans. 


117 


118 
Ans. 


CLASSIFICATION OF ANIMAL KINGDOM 493 


Sub-phylum Urochordata : The notochord is present only in the tail region of 
the larval stage. 

Example : Ascidia sp. 

Write the distinguishing feature of notochord of each of the classes of 
vertebrates and give one example of this group of animals, 

‘The notochord is present in the embryonic life of all vertebrates, But in the 
adult, the notochord is partially or completely replaced by the vertebral column. 
Cyclostomata (Agnatha) Ihe notochord is present in the adult body, 
Example : Lamprey (Petromyzon) 

Chondrichthyes : There is a notochord along with the cartilaginous vertebral 
column, 

Example : Shark (Scoliodon) 

Osteichthyes : Notochord is present as a constricted one along with the bony 
vertebral column. 

Example : Rohu (Labeo) 

Amphibia : Generally notochord is absent in amphibians like toads and frogs 
but Amblystoma, Necturus like small number of aquatic amphibians possess 
notochord along with the vertebral column. 

Reptilia, Aves and mammals : The notochord is absent and it is completely 
replaced by the vertebral column, 

Example : House lizard (Hemidactylus), Pigeon (Columba) and Guineapig 
(Cavia), b 


covering 
Jelly like layer between the ectoderm and 
endoderm. 
State five reasons why a bat is not a bird. J I. F. 1988) 
The bat can fly as a bird yet bat is not a bird for the following reasons : 
(a) The body of the bat is covered with hairs rather than feathers. 
(b) In bat, there is no beak which is present in bird, 
(c) External pinna of ear is present in bat but it is absent in bird. 
(d) Instead of right aortic arch as in bird there is left aortic arch in bat as in 
mammal 


(e) Instead of pigeons milk as in bird there is mammary gland for secretion of 
milk in bat. 
The above characters indicate that the bat is not a bird but it is a mammal, 
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Match the following structures of a sponge with their respective functions: 


1. osculum 

2. amoebocyte 

3. epidermal cells 

4. collar cells 

5. spicules 

1 (b) ; 2 (e) ; 3 (a); 4 (c) ; 5 (d). 

Mention the Scientific name of some common roundworms which are 

parasites to man. 

(i) Ascaris lumbricoides (ii) Ancylostoma duodenale (iii) Wuchereria bancrofti 

(iv) Trichinella spiralis. 

*Name the superclasses under the sub-phylum Gnathostomata. Give one 

example of each. [J.E.E. 1995] 

Pisces and tetrapoda. 

Example of Pisces ; Rohu fish. 

Example of Tetrapoda : Guineapig. 

Give the Characteristics of class Crustacea and Arachnida with examples. 
[J.E.E. 2000] 

(a) Crustacea : (i) Head often fused with thorax to form cephalothorax covered 

by carapace. (ii) Head bear a pair of compound eyes and five pair appendages. 

(iii) Appendages are often biramous. (iv) Excretion is done by antenary glands. 

Examples : Prawn, Crab, Daphnia, Cyclops. 

(b) Arachnida : (i) Abdomen lacks locomotor appendages. (ii) Eyes are simple. 

(iii) Cuticle is often with sensory hairs or scales. (iv) Respiratory organ is either 

trachae, book-lung or book-gill. (v) Excretory organs are malpighian tubules or 

coxal gland or both. 

Examples : Spider, Scorpion, Tick. 


(a) Control of water entry. 
(b) Exit for water. 

(c) Movement of water and filtering of food, 
(d) Skeletal support element. 

(e) Transport of food to nonfeeding cells. 


In which morphological characters birds resemble reptiles ?[J-E.E. 2001] 
Birds resemble reptiles on the following characters : 

(i) In the terminal end of each digit there is a claw. 

(ii) Epidermal scales are present on the shank and feet. 

(iii) Cloaca is present. 

(iv) Each egg is surrounded by shell. 


Name the phyla to which the following animals belong : Silver fish, jelly 
fish, cuttle fish, dog fish, starfish, gold fish. [J.E.E. 2004] 
Silver fish: Phylum Arthropoda j Dog fish: Phylum chordata 

Jelly fish: „ Cnidaria Starfish : 5 Echinodermata 
Cuttle fish: „ Mollusca Gold fish: „ Chordata. 


* This classification is not accepted now. 
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@ A. Long Answer type questions: 
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[5] 


[6] 
[7] 
[8] 
[9] 
110) 
1111 
[12] 
[13] 
114] 


15] 


1161 


1171 
[18] 
191 
120] 
[21] 


[22] 


[23] 


Write three principal characteristic features of the classes Reptilia and Aves. Give an example 
of each class with scientific name. (Ans. 1.24.1,1.25.1) 
Write three principal characteristic features of the phyla Mollusca and Arthropoda. Give an 
example of each phylum with scientific name. (Ans. 1.12.1,1.13.1) 
Write three principal characteristic features of the phylum chordata. Write the name of different 
classes of superclass Gnathostomata and give one example of each class. (Ans. ESTES) 
Write three main characteristic features of phyla Protozoa and Annelida. Write scientific name 
of one example of each phylum. (Ans. 1.4.1,1.10.1) 
Write two external characteristic features and one internal characteristic feature of the class 
Amphibia and Mammalia. Give scientific name of one example of each class. 
(Ans. 1.23.1,1.26.1) 
Write three main characteristic features of the phyla Cnidaria and Echinodermata. Write scientific 
name of one example of each phylum. (Ans. 1.6.1,1.13.1) 
Write three characteristic features of the phylum chordata. Mention the names of its classes. 
Give the scientific name of one example of each class. (Ans. 1.15.1, T.15) 
Write three characteristic features of the phyla Porifera and Mollusca. Write the scientific 
name of two examples of each phylum. (Ans. 1.5.1, 1.12.1) 
Mention four important characteristics of phylum Annelida and give two examples. 
(Ans. 1.10.1) 
Classify phylum Chordata upto classes with two characteristic features of the phylum and 
classes. IJ. E. E. 1990] (Ans. J. 18, 1.15. 1-1. 26.1) 
What is Gnathostomata ? Compare the chondrichthyes with that of Osteichthyes. 
(Ans. 1.19.2, T. 10) 
What is vertebrata ? Justify the statement All vertebrates are chordates but all chordates are 
not vertebrates’. (Ans. 1.19) 
What do you understand the term Amphibia ? Compare the characteristic features of Amphibia 
with that of Reptilia. (Ans. 1.23,T.11) 
Distinguish between non-chordates and chordates. Mention the different classes of chordates. 
(Ans. T.14. T.15) 
Give the phylum of each of the following and state the important characteristics of each : 
(a) Cat fish, (b) Cuttle fish, (c) Jelly fish, (d) Cray fish, (e) Silver fish. 
IJ. E. E. 1987] (Ans. 1.31) 
(a) State with example the difference between coelomata and pseudocoelomata (b) State where 
the following are found and what is their function : (i) Choanocyte, (ii) Nematocyst, 
(iii) Parapodia. [J.E.E. 1987] (Ans. 1.27, 1.31) 
Write three distinctive characters of the class Aves and Mammalia, Give scientific name of one 
example of each class. (Ans, 1.25.1, 1.26.1) 
Write three characters of the phylum Protozoa and Mollusca. Give scientific names of one 
example of each class. (Ans. 1.4.1,1.12.1) 
Write characters of the phylum Arthropoda and Echinodermata with examples. 
(Ans. 1.11.1,1.13.1) 
Write three identifying characters of the Amphibia and Mammalia. Give the scientific name of 
the one example each from these two classes. (Ans. 1.23.1,1.26.1) 
Write three characteristic features of the phylum ‘Annelida and Arthropoda. Give the scientific 
name of one example of each phylum. (Ans. 1.10.1,1.11.1) 
Write three main characteristic features of the phylum Chordata. Write the names of main 
classes of the superclass gnathostomata with one common example from each class. 
(Ans. 1.15.1,Table 15) 


Write three main characteristic features each of phyla Cnidaria and Echinodermata with one 


common example of each phylum. (Ans. 1.6.1,1.13.1) 
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(a) How the name of phylum chordata derived ? 
(b) Describe the main characteristics of a chordata. 
(c) Classify phylum Chordata. [J.E.E. 1996] (Ans. 1.15.,1.15.1, T-15) 
(a) Give two characteristics of phylum Chordata. 
(b) Name the superclasses under the sub-phylum Gnathostomata. Give one example of each. 
(c Write briefly about notochord [J.E.E. 1995] (Ans. 1.15,1,1.31) 
Write three main characteristic features for each of the phyla, Arthropoda and Mollusca. Give 
the common name and scientific name of one example of each phylum. (Ans. 1.11.1,1.12.1) 
Write three main characteristic features for each of the classes, Aves and Mammalia. Give the 
common name and scientific name of one example of each class. (Ans. 1.25.1,1.26.1) 
Write three main characteristic features for each of the phyla Annelida and Echinodermata. 
Mention the common name and scientific name of one example of each phylum. 
(Ans. 1.10.1,1.13.1) 
Write four characteristic features of the phylum chordata. Write the names of main classes of 
the superclass gnathostomata with one common example from each class along with their 
scientific names. (Ans. 1.15.1,T-15) 
Write the distinguishing feature of notochord of each of the sub-phylum and give one example 
of each of this group animals. [J.E.E. 1988] (Ans. 1.31) 
State the phylum where the following are found : 
(a) Ecdysis (b) Comb-plate (c) Nephridia (d) Tube foot (e) Osculum. 
[J.E.E. 1988](Ans. 1.31) 
Name the animal where the following are found : 
(a) Flame cell (b) Contractile vacuole (c) Parapodia (d) Haemocoel (e) Diaphragm. 
[J-E.E. 1989] (Ans. 1.31) 
Write the phylum of each of the following : 
(a) Sea-cucumber (b) Sea horse (c) Sea mouse (d) Sea anemone (e) Sea hare, 
[J.E.E. 1989] (Ans. 1.31) 
Write four salient features for each of the phyla Porifera and Arthropoda. Mention the common 
and scientific names of two example of each phylum. 
(Ans, 1.5.1, 1.11.1) 


“All vertebrates are chordates but all chordates are not vertebrates” —Justify the statement. 
(Ans. 1.19) 

Write two characteristic features for each of the classes Amphibia and Reptilia and mention the 

scientific name of one example of each class, (Ans. 1.23.1, 1.24.1) 


Give the characteristics of class Crustacea and Arachnida with examples. 
[J.E.E. 2000] (Ans. 1.31) 
What do you understand by classification ? What is its utility ? Classify the following organisms 
into their respective phylum (in case of non-chordata) or phylum and class (in case of chordata) 
mentioning at least one salient feature in each case : 
(a) Cat fish (b) Silver fish (c) Hag fish (d) Starfish. 
(Ans. 1.1, 1.21.1, 1.11.1, 1.19.1, 1.13.1) 
(a) Why are Porifera and Echinodermata so named ? Mention the major features of the phylum 
Echinodermata, Write one scientific name of animal of each of the phylum Annelida and 
Mollusca. 
(b) Write the scientific names of three invertebrate Chordates. 
(Ans, 1.5, 1.13, 1.13.1, 1.10.1, 1.12.1, 1.31) 
Write three main characteristic features of Phylum Annelida and Athropoda, Mention the 
common name and scientific name of one example of each of these Phylum, 
i (Ans, 1.10.1 & 1.11.1) 
(a) Write four characteristic features of the Phylum Chordata. Distinguish between 
Chondrichthyes and Osteichthyes. 
(b) Mention two characteristic features of Reptilia and Mammalia and write the scientific name 
of one example of each class. (Ans. 1.15.1, T-10& 1.24.1, 1.26.1) 
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[42] (a) Mention the main characters of the Phylum-echinodermata. 
(b) In which morphological characters birds resemble reptiles ? 
[J.E.E. 2001] (Ans. I. 13.1 & 1.31) 
[43] Name the phyla to which the following animals belong: Silver fish, jelly fish, cuttle fish, dog 
fish, starfish, gold fish. [J.E.E. 2004] (Ans. 1.31) 
[44] Which characteristics distinguish arthropods from annelids? IJ. E. E. 2005] (Ans. Table 7) 
@ B. Short Answer type: 
[1] Give four examples of running bird. [J.E.E. 1988] (Ans. 1.25.1) 
[2] State five reasons why a bat is not a bird. IJ. E. E. 1988] (Ans. 1.31) 
[3] Write two characteristics of phylum Arthropoda. [J-E.E. 1997] (Ans, 1.11.1) 
[4] Name the phylum which includes the highest number of animals. [J.E.E. 1998] (Ans, 1.11) 
[5] Name the exclusive marine phylum mentioning one character. II. E. E. 1999] (Ans. 1.13.1) 
lo] Mention the scientific names of two egg-laying mammals. (Ans. 1.26.2A) 
[7] Mention the scientific names of two parasitic protozoans to man. (Ans. 1.4.1) 
[8] Who first introduced the term ‘porifera’ ? (Ans. 1.5) 
[9] Why the Cnidarians are treated as diploblastic animals ? (Ans, 1.6) 
[10] Mention a phylum where the animals are acoelomate though they are triploblastic, (Ans. 1.7) 
[11] What is pseudocoelom ? Cite an example, (Ans. 1.9) 
[12] What is metamerically segmented animal ? Give an example. (Ans. 1.10.1) 
[13] Why the Arthropoda is so named ? (Ans. 1.11) 
[14] Who first introduced the term mollusca ? (Ans, 1.12) 
[15] What is mantle ? In which phylum the mantle is available? (Ans. 1.12.1) 
[16] In which group of animals the swim bladder is modified into lung-like structure ? Cite one 
example. (Ans. 1.22.1) 
[17] Mention one limbless amphibia and one limbless lizard. (Ans. 1.23, 1.24.1) 
[18] Why Ostrich is regarded as ‘running bird’ ? (Ans. 1,25) 
[19] What is the sound producing organ in bird ? (Ans. 1.25.1) 
[20] What is pouched mammal ? Cite an example. (Ans. 1.26.2) 
© C. Distinguish between: 
[1] Notochord and nerve cord. [J.E.E. 1985] (Ans, 1.27.0 
[2] Flatworms and roundworms. IJ. E. E. 1988] (Ans, J. 27. D) 
[3] In what respect does a lizard differ from a salamander ? IJ. E. E. 1988] (Ans. 1.27. K) 
[4] Bilateral and radial symmetry. IJ. E. E. 1989] (Ans, 1.27. A) 
[5] Cat fish and dog fish. [J-E.E. 1989] (Ans. 1.27.1) 
[6] Coelom and coelenteron. (Ans. 1.27.F) 
[7] Poikilothermic and homoiothermic animals, II. E. E. 1989] (Aus. 1,27.) 
[8] Acoelomates and pseudocoelomates. (Ans. 1,27.B) 
[9] Coelomata and pseudocoelomata, if F. 1987] (Ans. 172745 
[10] Coelomata and coelenterata. IJ. E. E. 1984] (Ans. 1,27.G) 
[11] You are given two specimens, one a tadpole and other a fishling ; how would you identify 
them ? IJ. E. E. 1983, 85] (Ans. 1.27.3) 
@ D. Write Short notes ; 
[1] Contractile vacuole. (Ans, 1.4.1) 
[2] Nutrition e protozoans; (Ans. 1.4.1) 
[3] Ostia and Osculum. (Ans. 1.5.1) 
[4] Cnidoblast. (Ans, 1.6.1) 
[5] Comb-plate. (Ans. 1.7.1) 
[6] Haemocoel. (Ans. 1.11.1) 
[7] Notochord. (Ans, 1.15.1) 
[8] Lung fish. (Ans. 1.22) 
[9] Aestivation. (Ans. 1.22) 
[10] Marsupium. (Ans. 1.26:2) 
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@ E. Matching type: 


u 


(a) 
(b) 
(c) 
(d) 
(e) 
(f) 
(g) 


[2] 


Ye Faas. 


or. 
111 
[2] 
[3] 
[4] 


[5] 
[6] 
[7] 
[8] 
[9] 
[10] 


6. 


111 
121 
[3] 
[4] 
[5] 
[6] 
[7] 
[8] 
191 
110) 


eH. 


111 
[2] 
[3] 
[4] 
[5] 


Select words from column I to make appropriate pairing (make five pairing) with those in 
column II and justify the relationship within the pairs: 


Column I Column II 
Ascaris i. Chitin 
Porifera ii. Paramoecium 
Seta iii. Myotome 
Sepia iv. Annelida 
Arthropoda v, Spicule 
Jelly fish vi. Mollusca 
Ehinodermata vii. Mesoglea 


IJ. E. E. 1988] (Ans, 1.31) 
Match the following structures of a sponge with their respective functions : 


Structure Function 

Osculum (a) control of water entry 

Amoebocyte (b) Exit for water 

Epidermal cells (c) Movement of water and filtering of food. 
Collar cells (d) Skeletal support element 

Spicules (e) Transport of food to non-feeding cells. 


(Ans, 1.31) 


Fill in the blanks with correct word : 

Numerous microscopic pores are present in the body wall of A 

The excretory system of platyhelminthes consists of many cells. 

Nematocyst is the main characteristic feature of the members of the phylum 5 
Beroe is placed in the phylum and it consists of eight ciliated organ known as 
Electric ray is included in the phylum and class. 
In the animal kingdom, the members of the class. possess feathers. 
Sebaceous glands of mammal secrete a substance known as. r 
In the vertebrate, the notochord is replaced by. column, 
The protochordates are belonging to the three sub-phyla, such as 
Agnathous are commonly known as. vertebrates. 


Choose the correct answer (MCQ) : 


Haemocoel is present in the Earthworm /Hydra/ Prawn. 

Notochord is present in the phylum Mollusca / Chordata / Echinodermata. 

Fish/ House lizard / Toad/Guineapig is a homoiothermic animal. 

Syrinx is present as voice box in the frog / rohu fish / turtle / pigeon. 

The feather is the diagonistic feature of the class Amphibia/Reptilia / Aves / Mammalia. 
Members of the class Mammalia /Aves/Reptilia are poikilothermic animals. 

The swim bladder is present in the Shark/Crocodile / Horse /Rohu fish, 

The body of Bhetki/Toad/Pigeon/Goat/Snake is covered with hairs, 

In Amoeba, the locomotory organ is Cilia/ Pseudopodia/Flagella. 

The body is metamerically segmented in Annelida / Arthropoda / Mollusca. 


Put / Mark on Yes or No for correct answer: 


Yes / No. 
Yes / No. 


Whale is a cartilaginous fish. 

Bony fishes have no gill covers. 

Arthropoda is the largest group in the animal kingdom. 
Amoeba is a multicellular animal. 

Nphridium is an excretory organ of the annelida. 
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[6] Feather is the characteristic feature of Amphibians. , Yes / No. 
[7]. Most of the amphibians are adapted both in the land 

as well as in water. se Yes / No. 

[8] Sponges consist of ostia and osculum. Ves / No. 

[9] Reptiles are homoiothermie animlll . p Yes / No. 

[10] Diaphragm is presentonlyinmammals, ees Yes / No. 


Answers to Q. No. F, G and H 


„ [1] Sponge. [2] Flame. [3] Cnidaria. [4] Ctenophora, comb-plate. [5] Chordata, 
Chondrichthyes. [6] Aves. [7] Sebum. [8] Vertebral. [9] Hemichordata, Urochordata, 
Cephalochordata. [10] Jaw less. 


. [1] Prawn. [2] Chordata. [3] Guineapig. [4] Pigeon. [5] Aves. [6] Reptilia, [7] Rohu fish. 
[8] Goat. [9] Pseudopodia. [10] Annelida. 
. [1] No. [2] No. [3] Yes. [4] No. [5] Yes. [6] No. [7] Yes. [8] Yes. [9] No. [10] Yes. 


Guineapig (Cavia porcellus) 


Topics Discussed : Introduction, habit and habitat, systematic position, external features, integument with 
its glands, general idea about muscular system, skeletal system, body cavity, digestive system, mechanism of 
digestion, respiratory system, mechanism of breathing, circulatory system, lymphatic system, nervous system. 
cranial nerves, sense organs, endocrine system, excretory system, reproductive system: 


2.1. Introduction * 


Scientific investigations are carried out on various types of animals. Of the various 
types, the guineapig is the most 
Anterior common one. So the guineapig is 
widely used as an experimental material 
in the various research laboratories. 
Moreover the study of guineapig as it 
is a vertebrate, as well as a mammal, 
z reflects the idea about the other 
Ventral surface vertebrates including the human being. 

The name Guineapig is a misnamed 
one. Because the guineapig neither has 
come from the island Guinea nor it is a true pig ; yet the name guineapig has accepted 
widely. Their exact ancestor is also unknown. 


Dorsal 
surface 


Fig. 2.1 : Body surface of Cavia. 


2.2. Habit and Habitat 


Guineapig is a timid natured animal. They are diurnal in habit but they avoid 
bright sunlight. They live on fruits and fresh green vegetables; so they are known as 
herbivorous animal. They move on jumping. They are now basically known as 
domesticated animal, though wild guineapigs are also available but little is known 
about their habits in the wild. Guineapigs are terrestrial and they are poor burrowers. 
They are universally distributed. 

Another special habit they possess. This herbivorous animal defecates mucous bound 
soft facees at night and ingests it again. As a result, the same food is passing twice 
along the alimentary canal. This phenomenon is known as Caecotrophy and the 
ingesting its own faecal matter at night is known as coprophagy. So the guineapig is of 
caecotrophic as well as coprophagus in habit. They are homoiothermic animal and 
live about eight years. 


2.3. Systematic Position 


Phylum : Chordata 
Sub-phylum : Vertebrata 
Superclass 3 Gnathostomata 
Class : Mammalia 
Sub-class 6 Theria 


500 


GUINEAPIG (Cavia porcellus) 501 


Infra class ; Eutheria 

Order +... Rodentia 
Genus z Cavia 

Species i Porcellus 
Scientific name: Cavia porcellus 


2.4. External Features 


Guineapig is a quapruped mammal. Their body is covered with variously coloured 
smooth hairs. But there are certain hairless areas, such as foot pads (fore and hind- 
limbs), border of nose, surrounding abdominal teats (nipples) and on the head region 
just behind the pinna. The tail is absent in guineapig. The males are slightly larger 
than females. Weight of a mature male guineapig varies from 800 gm. to 1 kg 600 gm. 
and in a mature female varies from 700 gm to 1 kg 300 gm. The length (measure from 
nose tip to last vertebra) of a mature male guineapig varies from 30 to 35 cm. and a 
mature female 28 to 32 cm. Males and females have no sexual differences in colouration. 
The body of guineapig is divided into three regions : head, neck and trunk. 


2.4.1. HEAD 


The head is short and blunt but more or less triangular. The anterior narrow end of 
the head is known as snout, A pair of external nostrils is situated at the tip of the snout. 
External nostrils (nares) aré S-shaped and oblique longitudinal slits with hairless borders. 
Nostrils can be dilated. Number of stiff long hairs on either side of the external nostrils 
on the snout are known as vibrissae. They are used as tactile organ. The mouth aperture 
is situated on the ventral below the external nostrils. The mouth is covered by upper 
and lower lips. There is a medial split in the upper lip known as nasolabial suleus. The 
upper incisors are exposed through this nasolabial sulcus. The two external nostrils 


lead Pinna: Neck 


Nostril 


Mouth 
Vibrissae 


Four clawed digits 
of anterior limb 


‘Three clawed digits of posterior limb 


Fig. 2.2 : Guineapig (Cavia porcellus). 


converge in the midline by a small elevation which is called the philtrum. In case of 
guineapig, philtrum forms an area between the external nostrils on the upper lip that 
subsequently splits to form nasolabial sulcus. The large and round eyes are situated 
one on each lateral side of the head. Each eye is protected mainly by two eyelids— 
upper and lower, Upper and lower eyelids are movable and are covered with fine, short 
hairs except at their naked margins. The vestigial nictitating membrane is located just 
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lateral to the eyeball. On both the postero-lateral sides of the head there are large movable 
flap of skin known as pinna. At the base of each pinna there is an aperture known as 
external auditory meatus. 


2.4.2. NECK 
Behind the head there is a short flexible neck which is situated between the head 
and trunk. It helps for free movement of head. 


2.4.3. TRUNK 


The rest part of the body behind the neck is known as trunk which is cylindrical in 
shape. The trunk is divided into two regions, thorax and abdomen. The anterior part 
of the trunk is the thorax which is ventrally supported by ribs and sternum. Posterior to 
7 the thorax is the abdomen. The abdomen 
Palmar Pad y + | | is not supported by bones on the ventral 

cies N y surface. On the posterior ventral surface 

05 of the abdomen in both males and 
A females two teats (nipples) are present. 
7 e, KA Each teat is surrounded by hairless area. 
The teats are more developed and 
elongate in female than male. Each teat 
presents the opening of a mammary 
gland. At the terminal end of the trunk 
there is a small aperture known as anus 
which represents the termination of 
alimentary canal. The anus is a 
corrugated constricted opening. Beneath 
the anus, urinary and genital apertures 
are present. In the males, there is a 
common aperture for both urinary and 
genital systems and this common urino- 
genital aperture is present at the tip of 
the penis which is a copulatory organ in male. At the base of the penis there is a pouch 
known as scrotum, inside of which testes are present. In the female guineapig, the 
urinary and genital openings are separately situated below the anus. 

The trunk consists of two pairs of limbs, forelimbs and hindlimbs. One pair of 
forelimbs is situated on the anterior region of the trunk and one pair of hindlimbs is 
situated on the posterior region of the trunk. The limbs are unequal in length, The 
hindlimbs are longer than the forelimbs. The shorter forelimbs are used during burrowing 
and longer hindlimbs are used during leaping movement. Each forelimb consists of 
four toes and hindlimb consists of three toes. Each toe is provided with nails, The 
short nails of fore foot (manus) and long nails of hind foot (pes) are slightly curved. 
Soles are hairless and have foot-pads. 


Posterior 
limb 


Perinium 


Fig. 2.3 : Ventral surface of Cavia and the limbs. 


2.5. Integumentary System 


The skin of guineapig like other mammals is mainly composed of two layers, 
epidermis and dermis. 
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The epidermis of the skin is an outer layer and develops from ectoderm of the 
embryonic layer. It is composed of many layers which are described below. 

li] Stratum corneum : This is the outermost horny layer and is made up of dead 
scale-like cells. The protoplasm of the dead cells is replaced by a hard protein known 
as keratin. The horny nature of this layer is due to the presence of this keratin. 

[ii] Transitional layer: This layer is placed below the stratum corneum. This layer 
is made up of flat cells which are derived from the layer beneath it. 
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Fig. 2.4 : Vertical Section across the skin of Cavia. 


[iii] Stratum germinativum : This is the innermost layer of the epidermis. This 
layer is also known as malpighian layer. The cells of this layer are polyhedral and 
contain nucleus with granules. These cells regenerate new cells through mitotic division 
and subsequently form the upper layers. 


2.5.2. DERMIS 


This is the inner layer of the skin and develops from the embryonic mesoderm. This 
is made up of fibrous connective tissue, blood vessels and nerves. The dermis consists 
of the following structures which are developed from the epidermis but are invaginated 
into dermis. 

[i] Sebaceous glands : These are flask-shaped glands and develop from the epidermis 
but situated in the dermal layer. These glands open into the hair-follicle. The secretion 
of these glands is known as sebum which is oily in nature. This only sebum keeps the 
hairs lusturous. 

[ii] Sweat glands : These are coiled tubular structure and develop from the epidermis 
but located in the dermal region. Each gland opens on the surface of the skin. The 
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secretion of these glands is called sweat which is watery in nature. Sweat helps in 
regulation of body temperature and excretes waste products from the body. 

iii] Perineal glands, mammary glands and caudal gland: Skin also contains 
modified integumentary glands. Perineal glands are situated on the perineum (space 
between anus and urino-genital apertures). These glands open on either side of the 
anus. The glands secrete oily fluid. The mammary glands in both sexes are situated on 
the posterior ventral side of the abdomen. These glands are functional only in females 
during the lactation period. They produce milk for the young ones. Single caudal gland 
is situated on the dorsal to the anus. This gland is an aggregation of sebaceous glands. 
It secretes a sex attractant. 

liv] Hair-follicle : Certain part of the epidermis penetrates into the dermis and 
forms small pit whih is called hair-follicle. At the bottom of the hair-follicle there is a 
papilla, from which hair develops. Erector muscle (smooth muscle) is attached with 
the hair-follicle. The contraction of this muscle erects the hair. 


2.5.3. FUNCTION OF SKIN 


Important functions of the skin are given here. 

[a] As skin is an outer covering, so it protects the body. 

[b] As skin is provided with receptors, so the skin received the stimuli of touch, 
heat, cold etc. 

[c] As a result of deposition of fat, skin prevents radiation of body heat to the 
outside. 

[d] The skin to some extent controls the body temperature as well as helps in 
elimination of metabolic waste products through sweat gland. 

[e] Oily sebum of skin helps to maintain the lustrous condition of hair and skin. 

[f] Nails and claw of skin help the animal in offence and defence as well as burrowing. 


2.6. Muscular System 


Majority of the skeletal muscles are attached either with bones or cartilages by 
tendon or aponeuroris (flat sheet of connective tissue) or directly to the periosteum. In 
addition to this, some muscles are attached to eye, tongue, skin like organs. Each muscle 
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Fig. 2.5 : Showing the superficial musculature of Guineapig (Lateral view). 
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has its two attachments, one origin and another insertion. The origin is the fixed point 
of attachment and the insertion point is the more movable. Important skeletal muscles 
of the different parts of the body of guineapig have been mentioned in the following 
table with their functions. 


Cutaneous 
muscle 


Rectus: 
abdominus 


Fig. 2.6 : Showing the superficial musculature of Guineapig (Ventral view). 


Table 1 : Showing important muscles with function: 

LOCATION AND NAME OF MUSCLE FUNCTION OF MUSCLE 
[I] MUSCLES OF SKIN: Cutaneous’ muscles are 
These are thin, subcutaneous muscular sheets. associated with the movements 
The largest cutaneous muscle is Platysma. of skin, eyelids, ears and lips. 


[M] MUSCLES OF HEAD: 

[a] The superficial muscles of the head are the 
facial extensions of the platysma. Surrounding 
the lips, cheeks and nose following muscles 
which are the extension of the facial part of 
the platysma are mentioned here. 

G) Obicularis oris and Buccinator : These two 
muscles surround the mouth in both the lips. 


G) They are controlling the shape 
and posture of mouth aperture. 
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LOCATION AND NAME OF MUSCLE FUNCTION OF MUSCLE 
(ii) Levator nasolabialis : It is a prominent fan- (ii) Controlling the aperture of 


shaped musele on nose. external nasal aperture. 

(ii) Lavator labii maxillaris and Zygomaticus : | (iii) Controlling the movement of 
These two major muscles are present on] chcek. 
cheeks, 


[b] The deep muscles of head are the following : 


(i) Muscles of mastication are . 050 * help in the mastication of 
temporalis and pterygoi 

(ii) Muscles of tongue con is of geioplosus (ii) * in the movement of 
hyoglossus and styloglossus, > tongue, 

[1] MUSCLES OF NECK : 

(i) Platysma : The cutancous muscle platysma | (i) It helps in the contraction of 
forms a thin sheet that also covers the neck cervical skin as well as 


and face, j downward movement of lower 
4 jaw. 

(ii) Sternomastoid. (ii) It helps in the rotation of head. 
(iii) Trapezius (it is also eneid in the dorsum | (iii) This muscle is associated with 
of the thorax), > the movement of scapula. 
(iv) Vertebral muscles on Ventral side: (iv) These muscles are helping in 
Longus colli, Longus capitis and Rectus the movement of neck and 

capitis. head, 


(v) Help in the elevation of ribs 
and in laboured inspiration, 


(v) Lateral Vertebral muscles: Scalenus 
muscles. The scelene muscles are located on 
the ventrolateral surface of neck and thorax 
upto first five ribs. 


[IV] MUSCLES OF TRUNK : 
The muscles of the trunk region may be 
divided into the following four groups: 

{a} Muscles of back : This region consists of the 


‘following important muscles, AGAR vi ION 
(i) latissimus dorsi G) Helps in he movement of 
humerus, ie, movement in 
y forelimb. 
(ii) Splenius (ii) Associated with the movement 


of 


(iii) Erector spinae : This group of muscles consists | (iii) Nabe with the movement 


of three longitudinal muscles which are placed of vertebral column. 
lateral and dorsal to the vertebral column. 
[b] Muscles of thorax : 
(i) External and internal intercostals : They are All these thoracic muscles are 


situated between the ribs. helping in the movement of 
‘} ribs and thus ‘associated in 


breathing. 
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LOCATION AND NAME OF MUSCLE 


(ii) Levatores costurum They are situated at the 
dorsal border of the external intercostals» 
(iii) Transversus thoracis A sheet of musele is 
situated on the dorsal surface of the sternum 
and ribs. 

(iv) Rectus thoracis : This flat muscle is laying on 
the ventral surface of the sternum. 

(v) Diaphragm : It is a musculotendinous sheet 
which forms a dome-shaped structure between 
the thoracic and abdominal cavities. 

fc] Muscles of abdomen : Abdominal muscles 
are thin and flat. These muscles are covered 
superficially by the cutaneous muscle of the 
trunk. 

(i) Obliquus externus abdominis. 

(ii) Obliquus internus abdominis. 

(iii) Rectus abdominis. 


(iv) Transversus abdominis 

(v) Cremaster : Thin bundles of muscle are 
attached to the tunica vaginalis covering the 
spermatic cord in male, 


[d] Muscles of pelvis : . 

(i) Coccygeus ; It is a fan-shaped muscle, 

(ii) Levator ani: It is a broad fan-shaped muscle 
ventral to the coccygeus. Coceygeus and 
levator ani together form the pelvic 
diaphragm. The levator ani encloses the 
rectum. In the female, levator ani surrounds 
the lower end of the vagina, 


[V] MUSCLES OF FORELIMB : 


[a] Muscles between thorax and forelimb : 
Following three muscles are present between 
the thorax and the forelimb : Superficial 
pectoral, deep pectoral and subclavius. 

[b] Museles of shoulder: 

Following are the muscles of the shoulder 
region; 

Deltoid. Supraspinatus. Infraspinatus, Teres 
major, Teres minor and Subscapularis. 


FUNCTION OF MUSCLE 


All these four abdominal 
muscles are helping in the 
movement of ubdomen and 
also foreed expiration. 


For defecation, this muscle 
gives pressure on the 
abdominal visceral organs and 
also suspend testis in male. 


(i) It pulls the sacrum forward. 
(ii). The pelvic diaphargm supports 


the pelvic and abdominal 
organs. This muscle contracts 
the rectum and lower end of 
vagina. 


(a) These three muscles are 


controlling the movement of 
humerus and scapula. 


(b) These muscles are helping in 


the movement of humerus in 
the shoulder joint. 
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LOCATION AND NAME OF MUSCLE FUNCTION OF MUSCLE 


[c] Muscles of Upper arm : 
The important muscles of the upper arm are 
the following : Biceps brachii, brachialis, 
coraco-brachialis, triceps brachii. 

[d] Muscles of Forearm : 

(i) Pronator teres, carpi radialis, carpi ulnaris etc. 


(c) They help in the movement of 
shoulder and elbow. 


(i) These muscles are co-ordi- 
nating the movement of wrist. 

(ii) Help in the movement of 
digits. j 

(iii) This muscle controls the 
rotational movement of radius 
and palm. 


(ii) Flexor and extensor digitorum muscles. 


(iii) Supinator. 


[VI] MUSCLES OF HINDLIMB : 


[a] Muscles of Hip : 
Gluteus superficialis, gluteus medius, gluteus 
prefundus and piriformis. 


(a) These muscles are controlling 
the movement of the hip joint. 


[b] Muscles of Thigh: (b) These muscles control the 
Thigh muscles consist of the following— movements of hip joint as well 
Sartorius, Quadriceps femoris (consists rectus as knee joint. 
femoris and 3 vastus muscles), Pectineus, 

Gracilis, Biceps femoris, Semitendinosu. . 
Semimembranosus, Adductor muscles etc. 

[c] Muscles of Leg: (c) These muscles control the 
These are as follows : Gastrocnemius, Soleus, movements of ankle joint, sole, 
Tibialis, Extensor and Flexor Digitorum digit etc. 
muscles etc. 

2.7. Skeletal System 


The skeletal system of guineapig is mainly made up of bones which are ossified. 
There are also certain cartilages which are present in the external ear and nose as well 


Pectoral girdle 
Vertebral column 


r Skeleton of ~~ 
2 —.— hind foot 


Fig. 2.7 : Showing the position of articulated skeletal structure inside the body of Guineapig. 
as at the terminal end of certain bones. In an adult guineapig 256 to 261 pieces of 
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bones are present. The entire skeletal system of a guineapig is divided into three 
divisions, such as: [i] axial skeleton, [ii] appendicular skeleton and [iii] heterotopic 
skeleton. 


2.7.1. AXIAL SKELETON 


The axial skeleton consists of [A] Skull, [B] Vertebral column, [C] Sternum and 
D] Ribs, i.e., these four parts comprise the axial skeletal system. 

[A] SKULL : 

The skull is composed of the three major parts, such as (a) Cranium, (b) Sense 
capsules and (c) Jaws. These are described below. 

[a] CRANIUM (Brain case) : Different kinds of bones are united together to form 
a hollow structure known as cranium. Inside the 
cranium brain is situated, hence this cranium is 
also known as brain case or brain box. The 
line of articulation between the bones in the 
cranium is known as suture. The bones of the 
cranium are arranged one after the another, as a 
result the cranium can be divided into three main 
segments, such as occipital segment, parietal 
segment and frontal segment. 

[i] Occipital segment: There are four 
occipital bones and these four bones encircle a 
big aperture at the posterior end of the skull 
known as foramen magnum. Through the 
foramen magnum the spinal cord emerges. At 
the dorsal end of the foramen magnuni, there is 
asingle supraoccipital bone and ventral end lies 
the single basioccipital bone. Two exoccipital 
bones are located one on either side of the 
foramen magnum. Each exoccipital is drawn 
ventrally to a pointed and curved process 
known as paroccipital process which helps 
in the attachment of muscles. On the ventral 
region of the foramen magnum near each of 
the basioccipital bone there is a swelling 
known as occipital condyle. These two 
condyles are acting as articulators with the 
atlas (first vertebra) of the vertebral column, 

[ii] Parietal segment : This ring of 
segment is formed by two parietal bones, one 
basisphenoid and two alisphenoids, Two 
parietal bones are situated in front of the 
supraoccipital. They articulate in the midline 
forming the roof of the cranium. The 
basisphenoid is placed infront of the 


Fig. 2.8 : Skull of Guineapig 
(Dorsal View) 


condyle Reet 8 i 
Foramen:magnum basioccipital forming the floor of the cranium. 


The lateral walls of the parietal segment are 
i : ineapig (Ventral Vi $ à 
Fig. 2.9 : Skull of Guineapig (Ventra iew) formed by, alisphenoids. 
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liii] Frontal segment: This ring of segment is formed by two frontal bones, single 
presphenoid and two orbitosphenoids. Paired frontal bones are situated infront of the 
parietal bones forming the anteriormost roof of the cranium. The presphenoid bone is 
placed infornt of the basisphenoid forming the floor of the cranium, The lateral walls 
of the frontal segment are formed by erbitosphenoids. 

Squamosal bones: Two squamosals, one on either side are situated between the 
exoccipital and alisphenoid bones. Each squamosal takes part in the formation of 
zygomatic arch, 

Cribriform plate : This plate is situated in the inner anterior wall of cranium and 
separates the cranium from the olfactory capsule. It is perforated by many, small holes. 

[b] SENSE CAPSULES : There are three sensory capsules present in the skull, 
These are paired, namely (i) nasal capsule, (ii) optic capsule and (iii) auditory capsule. 
The structures of the capsules are described below ; $ 

[i] Nasal or Olfactory capsule : The nasal capsule is dorsally covered by a pair of 
long and narrow bones known as nasals. They articulate posteriorly with the frontal 
bones of the cranium. 
The anterior lateral wall 
of the capsule is formed 
by premaxilla and 
posterior lateral Wall is 
formed by maxilla. 
Both premaxilla and 
„ ah Hs | maxilla are parts of the 

Glen Hanillary Nolar) neisor upper jaw. The 
midventral of the 
capsule is formed by a 

vomer which posteriorly articulates with the presphenoid bone of the cranium, The 
two nasal cavities are separated by a vertically placed cartilaginous plate known as 
mesethmoid. The nasal epithelium of the nasal cavities supported by small spongy 
bones are known as turbinals. 4 

[ii] Optic capsule: In each optic capsule a eyeball is situated. At the anterior end of 
each orbital cayity there is a small bone which is called lachrymal (lacrimal), On the 
ventral side of each optic capsule there isa zygomatic arch which is formed by maxilla, 
jugal and squamosal, These two orbital cavities are separated internally by a partition 
known as inter-orbital septum. This inter-orbital septum is formed by orbitosphenoid 
and presphenoid. 

liii] Auditory capsule : Each auditory capsule is situated between the squamosal 
and exoccipital of the cranium. Each capsule is mainly formed by preotic bone and 
tympanic bone. The pteotie bone encloses the membranous labyrinth, The tympanic 
bone is firmly attached to the outer side of the preotic, The tympanic bone is flask- 
shaped. The swollen portion of the flask is called tympanic bulla and the opening of 
the flask is regarded as external auditory meatus. Ear ossicles such as malleus, incus 
and stapes are placed inside the tympanic bulla. s 

[c] SKELETON OF JAWS : Each half of the upper jaw is formed by the pieces 
of bones and these are premaxilla, maxilla and jugal. Teeth are implanted on the 
premaxilla and maxilla. Ineisor tooth is on the premaxilla and premolar and molar 


Fig, 2,10: Skull of Guineapig (lateral view). 
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teeth are on the maxilla, The hard palate of the roof of the mouth cavity is composed 
of the inward extension of premaxilla, maxilla, two patatines and tx plerygoids 
The lower jaw is known as mandible. 
It has tw O halves and they are united in 9 
front by mandibular symphysis. Half of Diastems 
the mandible is composed of a single piece | 
of bone known as dentary which bears 
teeth. The broad posterior end of the 
mandible is articulated with the squamosal 
bone of the cranium. 
The root of the tongue is supported by Fig, 2.11: Lower jaw (Mandible) of Guineapig. 
a small hyoid bone. The hyoid bone consists of a body and two slender projections 
which are called cornua, 


[B] VERTEBRAL COLUMN : 

The vertebral column is placed mid-dorsally as a longitudinal structure. This structure 
is extended from the posterior region of skull to the terminal end of the trunk, The 
vertebral column has three curvatures on the dorsal side, Such as concave on cervical- 
thoracic region, convex on thoraco-lumbar and slightly convex on sacral-caudal part. 
The vertebral columnis composed of small pieces of 36-38 bones that are known as 
vertebrae which) are arranged in a linear-fashion. Between the successive vertebrae 
there is a curtilaginous pad Which is known as intervertebral disc. Inside the vertebral 
column there is a tunnel, inside of which the spinal cord is situated. The vertebrae of 
the vertebral column are distinctly divided into five types. These are— 


[la] Cervical Vertebrae 8 7 in number 

[b] Thoracie Vertebrae g 13-14 in number 
[c] ‘Lumbar Vertebrae $ 6 in number 

[d] Sacral Vertebrae $ 3-4 in number 
le] Caudal Vertebrae 1 in number 


o Structure of a typical Vertebra: A typical vertebra is composed of the following, 
structures: 

[i] Centrum: Solid ventral part of a vertebra is known as centrum, The centrum is 
flat on both the surfaces and this type of centrum is called. acoelous ; hence the vertebra 
is known as acoelous type. 

[ii] Neural arch: The arch-like structure on the dorsum of centrum is called neural 
arch The hollow space below the arch is known as neural canal through which the 
spinal cord moves. At the base of the neural arch there is a notch ; two notches of the 
subsequent two vertebrae form a foramen which is known as intervertebral foramen, 
Through this foramen emerges the spinal nerve. 

[iii] Neural spine: On the mid-dorsal point of the neural arch there is an extended 
pointed structure known as neural spine. 

[iv] Pre and postzygapophysis : A pair of anterior and a pair of posterior articulating 
processes are respectively known as prezygapophysis and postzygapophysis. 

[v] Transverse process : From each side of the centrum at the junction of neural 
arch a laterally elongated structure arises known as transverse process. 
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© Different types of vertebrae are discussed below according to their natural 
position in the body. 

[a] Cervical Vertebrae : In guineapig as well as in man and in other mammals, the 
cervical or neck region consists of seven vertebrae and these are known as cervical 
vertebrae. All the cervical vertebrae do not possess facets for articulation of rib and 
they possess a foramen at the root of each transverse process and this is known as 
vertebrarterial foramen. Through this foramen carotid artery passes: The first two 
cervical vertebrae (atlas and axis) differ from the other cervicals as well as from each 
other, 

Neural spine Neural spins 


Transverse 


Neural arch . 
< ae nda 


en canal 


FOCESS * 
PRES Centrum A 


Neural spin 


Post zygapophysis. 


Odontoid 
process 
\ process 
Transverse 
process 


Fig. 2.12 : Showing the cervical vertebrae of Guineapig: [A] Cervical Vertebra (typical), [B] Atlas 
(front view), IC] Axis (lateral view), ID] Atlas and axis (articulated). 


[i] Atlas : The first cervical vertebra is called atlas. Atlas seems to be ring-like and 
its centrum is highly reduced. Neural spine of the atlas is very small ; its transverse 
process is small and flat. Both the pre and postzygapophyses are absent. There is a pair 
of anterior concave facet for articulation with the occipital condyles of the cranium 
and a pair of large posterior facet for articulation with the axis (second vertebra). The 
neural canal of the atlas is horizontally divided by a fibrous ligament ; in the upper 
compartment, the spinal cord and in the lower compartment the odontoid process of 
the axis are placed. } 

[ii] Axis: The second cervical vertebra is called axis. The broad centrum of the 
axis is extended anteriorly into a peg-like structure known as odontoid process. The 
neural spine is large and compressed laterally. In the axis, the prezygapophyses are 
absent, but postzygapophyses articulate with the prezygapophyses of the third cervical 
vertebra. Two transverse processes are small. 

[b] Thoracic Vertebrae : In the thoracic region, /2 or 13 vertebrae are composed 
to form the thoracic vertebrae, Thoracic vertebrae bear ribs, Each of the anterior nine 
thoracic vertebrae bear two concave facets on each side, one in the lateral side of the 
centrum and another at the ventral surface of the transverse process, The capitulum 
(head) of the rib articulates with the facet of the centrum and tuberculum (head) of the 
rib articulates with the facet of the transverse process. The neural spine is slender, 
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elongated and directed backward. The transverse process is well built. But in the three 
or four thoracic vertebrae there are small transverse process and without any facets for 
articulation with the rib. The centrum has lateral facet for the articulation with the 
capitulum of rib. The neural spine of these vertebrae is flat side to side and directed 
forward. 
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Fig. 2.13 : Showing the thoracic and lumbar vertebrae of Guineapig : [A] Thoracic, [B] Lumbar. 


[c] Lumbar Vertebrae : Lumbar vertebrae are six in number. They lack rib 
articulation. Lumbar vertebrae are large and gradually increases in size from anterior 
to the posterior end. Zygapophyses are well developed. The neural spine is flat and. 
directed forward. Transverse processes are large in size. 

[d] Sacral Vertebrae : Three to four sacral vertebrae are fused to form a single 
piece of bone known as sacrum. In case of adult female, there are three sacral vertebrae 
but in adult male four sacral vertebrae are present. The sacrum is placed firmly between 
the two halves of the pelvic girdle. The first sacral vertebra is about the same size as 


Prezygapophysis 


Intervertebral 
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Fig. 2.14 : Diagram showing the Sacral and Caudal vertebrae : 

[A] Male Sacrum, [B] Female Sacrum, [C] Caudal vertebrae. 
that of the last lumbar but gradually decreases in size posteriorly. The neural spine is 
straight and transverse process is flat with laterally expanded but the zygapophyses are 
reduced. 


[e] Caudal Vertebrae : Seven caudal (coccygeal) vertebrae slightly project beyond 
the pelvic outlet. The size of the caudal vertebrae gradually decreases from anterior to 
the posterior end. Centrum, transverse process and neural arch all are present in the 
first caudal vertebra. But there is a gradual reduction of the processes in the subsequent 
caudal vertebrae. In the last two caudal vertebrae, all the processes are degenerated 
except the centrum, which transforms into a rudimentary bony cap. Neural canal is 
absent from third to seventh caudal vertebrae. ¥ 


2253—33 
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[C] STERNUM : 

Sternum in guineapig is an elongated narrow rod-like structure which is situated 
on the mid-ventral line of the thorax. It is made up of six or seven pieces of bones and 
each segment is known as sternebra. The first sternebra is called manubrium which 
articulates with the clavicle of the pectoral girdle. The last segment (sternebra) is known 
as xiphisternum which bears a round cartilaginous plate known as xiphoid cartilage. 
Xiphisternum does not possess any articular surface for the rib, but all other sternebrae 
bear atricular surfaces for the ribs. 

[D] RIBS : : 

There are usually thirteen pairs of ribs in guineapig. All these ribs are articulated 
dorsally with the facets on the thoracic vertebrae. The first six ribs articulated ventro- 
laterally with the sternum, so these ribs are called ‘true ribs’. Seventh to ninth ribs 
articulate ventrally with the sixth rib cartilages and so these are known as ‘false ribs’. 

The remaining four pairs of ribs 

Nes Tubercle do not join the sternum and so 

these are known as ‘floating 

ribs’. So there are three type of 

ribs, such as true ribs, false ribs 
and floating ribs. 

A typical rib is a curved 
structure and consists of two 


Manubrium Head 


Sternebra 


Xiphisternum main parts, the dorsal vertebral 
Xiphisternum and ventral sternal end. The 
(Cartilage) vertebral part of the rib is bony 


and short sternal part is 
cartilaginous which is known as 
costal cartilage. This costal 
cartilage articulates with the 
sternum. In the vertebral end of each of the first nine ribs possesses two heads, capitulum 
and tuberculum The capitulum articulates with the concave facet of the centrum of 
thoracic vertebra and tuberculum articulates with the undersurface facet of the transverse 
process of thoracic vertebra. In the last four ribs the tuberculum is absent, hence they 
failed to articulate with the transverse process. 

Thus the thoracic cavity is bounded dorsally by the thoracic vertebrae, laterally by 
the ribs and ventrally by the sternum. z 


2.7.2. APPENDICULAR SKELETON 


Appendicular skeleton consists of the following main four structures : [A] Pectoral 
girdle, [B] Forelimbs, [C] Pelvic girdle and [D] Hindlimbs. Each part of the 
appendicular skeleton is described below. 

[A] Pectoral girdle : This girdle more or less encircle the anterior end of the thorax. 
The pectoral girdle consists of two scapulae and two small clavicles, i.e., each half of 
the pectoral girdle is made up of a scapula and a clavicle. 

[a] Scapula : Each scapula lies on the dorso-lateral surface of the back. It is large 
and triangular in shape. There is a strip of cartilage along the broad margin of the 
scapula and is known as supra-scapula. The scapula bears a longitudinal prominent 


Fig. 2.15 : Showing the sternum and rib of Guineapig : 
[A] Sternum, [B] Rib. 
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ridge on its outer region and this ridge is known as scapular spine. The scapular spine 
terminates in a pointed structure known as acromion process. The downward extension 
of the acromion process is called metacromion. The apex of the scapula bears a shallow 
oval groove known as glenoid fossa. The glenoid fossa articulates with the head of 
humerus. Above the rim of the glenoid fossa there is a small hook-like process known 
as coracoid process. 


Greater Bicipital 
tubercle / groove 


Head 


Lesser 
tubercle 


Glenoid  Actomion 
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Supra trochlear 
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Olecranon process Trochlea 
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Radius: 


Fig. 2.16 : Diagram showing the Pectoral Girdle and Skeleton of forelimb of Guineapig : 
[A] Pectoral girdle, [B] Humerus, [C] Radius and Ulna, [D] Carpals, [E] Metacarpals, [F] Phalanges. 
[b] Clavicle : The clavicle becomes the slender, curved cylindrical bone. At the 
base of the neck, the clavicle lies horizontally between the scapula and the sternum and 
it is embedded within the muscle. 
[B] Forelimb : From the upper arm up to the digits, following bones are arranged, 
such as humerus, radius and ulna, carpals, metacarpals and phalanges. 
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[a] Humerus : It is a long and stout bone which supports the upper arm. At the 
proximal end of the humerus there is a round sessile head which articulates with the 
glenoid cavity of the scapula. Near the head on the outer end there is a greater tuberosity 
and on the inner end there is a lesser tuberosity. Between the two tuberosities there is 
a groove as bicipital groove where the tendon of the biceps muscle remains attached. 
There is a deltoid ridge extending laterally from the greater tuberosity. At the distal 
end of the humerus bone, there is a pulley-like structure known as trochlea. The trochlea 
articulates with the radius and ulna of the forearm. Above the trochlea there is a small 
hole known as supratrochlear foramen. On the anterior end surrounding the dorsal 
aspect of the supratrochlear foramen, there is a depression known as coronoid fossa 
which accommodates the radial head during flexion of the forearm ; on the posterior 
aspect above the supratrochlear foramen, there is another shallow depression known as 
olecranon fossa that accommodates the olecranon of the ulna during extension of 
forearm. 

[b] Radius and Ulna : Radius and ulna, these two bones are located in the forearm. 
These two long bones lie close to each other. Radius is shorter than ulna and is placed 
on the inner side of ulna. There is a groove on the proximal end of ulna and this groove 
is called sigmoid notch. This sigmoid notch articulates with the trochlea of humerus. 
The proximal end of ulna is extended beyond the sigmoid notch and this extended end 
is called olecranon process ; it forms the elbow point. The distal ends of radius and 
ulna bear articular surfaces that help for attachment with the carpals of the wrist. 

[c] Carpals : Nine carpal bones are present in the wrist. These small irregular nine 
bones are arranged in two rows, such as proximal and distal rows. 

[d] Metacarpals : Four metacarpal bones are present in the palm. These metacarpals 
lie between the carpals proximally and phalanges distally. 

[e] Phalanges : The bones of the fingers are known as phalanges. In the forelimb 
there are four fingers and each finger is provided with three phalanges. The terminal 
phalanx of each finger is arched and pointed to provide the curved nail (claw). 


[C] Pelvic girdle : The pelvic girdle is situated at the posterior part of the body. 
The girdle articulates dorsally with the transverse process of the sacrum and ventrally 
by pubic ligament to form pubic symphysis. The pelvic girdle is made up of two equal 
halves and each half is known as Os-innominatum. Each half is composed of three 
pieces of bones : ilium, ischium and pubis. The three bones contribute to form a large, 
lateral round socket which is known acetabulum. In this acetabulum, the head of 
femur articulates. 

[i] Ilium : It is a long blade-like bone and lies anterior to the acetabulum. The inner 
rough surface of ilium articulates with the sacrum. 

[ii] Ischium : It is the narrow and slightly curved bone and the posterior continuation 
of ilium, meet the pubis of the same side. 

[iii] Pubis : It is the smallest bone. Anteriorly it joins with 3 5 ilium and posteriorly 
it unites with the ischium. 

Between the pubis and ischium there is a large gap known as obturator foramen. 

[D] Hindlimb : From the thigh up to the digits, the following bones are arranged 
one after the another, such as : (i) femur, (ii) tibia and fibula, (iii) tarsal, (iv) metatarsal 
and (v) phalanges. 
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[a] Femur : The thigh is supported by a single long bone known as femur. The 
femur is the largest stout bone. Proximally the femur articulates with the acetabulum of 
the pelvic girdle and distally with the tibia. At the anterior end there is around prominent 
head with a neck, the head fits in the acetabulum. Near the head there are three elevated 
trochanters, namely greater trochanter externally, lesser trochanter internally and 
third trochanter, below the greater trochanter. At the distal end of the femur there are 
two round elevated areas known as condyles. These two condyles are separated by a 
groove which is called patellar groove. The patellar groove accommodates the patella. 
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Fig. 2.17 : Diagram showing the Pelvic Girdle and Skeleton of hindlimb of Guineapig : 
[A] Pelvic girdle, [B] Half of Pelvic girdle (os-innominatum), [C] Femur, 
- [D] Tibia and Fibula, [E] Foot. 
[b] Tibia and fibula The leg is supported by two long bones, tibia and fibula. 
They are united only at their proximal and distal ends. The tibia is stout but fibula is 
slender, At the anterior end of tibia there is a cnemial crest. Flat surfaces of the proximal 
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end of tibia, articulate with the femur and the distal end of tibia and fibula articulate 
with the tarsal bones. 

[c] Tarsals : There are eight irregular bones on the ankle known as tarsal bones. 
They are situated between the tibia and fibula proximally and metatarsals distally. These 
eight tarsals are arranged in one proximal row and two distal rows. The proximal tarsals 
are astragalus and calcaneum ; the first distal tarsals (middle row) consists of tibiale, 
navicular and cuboid. The second distal tarsals consist of three small bones. 

[d] Metatarsals : The foot is supported by three long metatarsal bones. Metatarsals 
are situated between the tarsals anteriorly and phalanges distally. 

[e] Phalanges :The three digits are supported by phalanges. In each digit there are 
three small phalanges, The terminal phalanx bears the curved nail. 


2.7.3. HETEROTOPIC SKELETON 


Bones which are situated in the unusual location are known as heterotopic skeleton. 

Heterotopic bones are located on the ventral aspect of the 
carpals, metacarpals and phalanges in the forelimb as well as 
tarsals, metatarsals and phalanges in the hiridlimb. These are 
called sesamoid bones. Large number of these sesamoid bones 
are supporting the foot pads. 

There is a single heterotopic bone in the penis and this bone 
is known as Ospenis. This ospenis is a small, rod-like bone 
lying within the glans penis, It is about 15 mm long. The 


Fig, 2.18 : Heterotopic suspensory ligament is attached with this bone. Thus it supports 
skeleton: Ospenis she penis 


2.7.4. IMPORTANT FUNCTIONS OF BONES 


[1] Bones act as a hard connective tissue ; thus it gives a definite shape of the 
animal. 

[2] It gives the firmness as well as flexibility of the body ; hence the skeletal system 
helps in the locomotion and movement. 

[3] The bones help the skeletal muscle for attachment. 

[4] Blood corpuscles are developed from the bone-marrow which is present in the 
hollow cavity of bones, 

[5] Protect the brain and spinal cord in skull and vertebral column respectively. 


Table 2 : Characteristic features of some important skeletal structures of 
Guineapig : 


NAME OF THE BONE 
[1] Skull 


CHARACTERISTIC FEATURES 


(i) There is a cranium (brain box) that made up of different 
types of bones. 
(ii) There is a foramen magnum at the posterior end of skull. 
(iii) Two occipital condyles are present near the foramen 
magnum. 
(iv) Heterodont and thecodont type of dentition are present. 
(v) There is chisel-shaped incisor. 
(vi) Due to absence of canine tooth there is diastema (space 
between incisor and premolar). 


NAME OF THE BONE 
[2] Atlas (1st vertebra) 


[3] Axis (2nd Vertebra) 


[4] Sternum 


[5] Rib (typical) 


[6] Pectoral girdle 


[7] Humerus 


[8] Radius and Ulna 
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(i) 
(ii) 
(iii) 
(iv) 


(vi) 
(vii) 


(i) 
(ii) 
(iii) 
(iv) 
(v) 
(vi) 
G) 


CHARACTERISTIC FEATURES 


It looks like a ring. 

Centrum is highly reduced. 

Neural spine and transverse processes are also reduced. 
There are two facets on the anterior end and two facets 
on the posterior end. 

Pre and post both zygapophyses are absent. 


The centrum is anteriorly projected to form a peg-like 
odontoid process. 

Neural spine is well developed with laterally flattened. 
Prezygapophyses are absent but a pair of post- 
zygapophyses is present. 

Transverse processes are small. 

Sternum is an elongated segmented rod-like structure. 
There is manubrium (1st segment). 

There is xiphisternum (last segment). 

Xiphoid cartilage (a cartilaginous plate attached with 
xiphisternum) is present. 

Articulating surfaces (for attachment of ribs) are 
present. 

A typical rib is a curved rod-like structure. 

Two heads are present on the bony vertebral end, 
namely capitulum and tuberculum. 

Sternal end is cartilaginous. 


Each half of the pectoral girdle is made up of scapula 
and Clavicle. 

The scapula is large and triangular. 

There is a glenoid cavity at the apex of scapula. 

Small coracoid process is present near the glenoid 
cavity. 

Cartilaginous suprascapula is present on the broad end 
of scapula. 

There is a dorsal longitudinal spine. 

At the free end of spine there are acromion and 
metacromion processes. 

It is a long elongated bone. 

In the anterior end there is a sessile head. 

Greater and lesser tuberosities are situated near the head. 
There is a bicipital groove between the two tuberosities. 
At the distal end there is a pully-like trochlea, 

There is supratrochlear foramen. 


Radius and ulna are two elongated bones that remain 
close together. 
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NAME OF THE BONE 
(ii) 
(iii) 
(iv) 


(v 


= 


[9] Pelvic girdle (i) 
(ii) 
(iii) 


(iv) 
(v) 


(vi) 


[10] Femur (i) 
(ii) 
(iii) 


(iv) 
(v) 
[11] Tibia and Fibula (i) 


(ii) 
(iii) 
(iv) 


[12] Ospenis (i) 
(ii) 

(iii) 

(iv) 

(v) 


CHARACTERISTIC FEATURES 

Radius is shorter than ulna. 

There is a signoid notch on the anterior end of ulna. 
The extended part of ulna above the signoid notch is 
the olecranon process. , 

At the distal end, articular surfaces are present both in 
radius and ulna, 

On either side of pelvic girdle acetabulum is present. 
Each half is known as os-innominatum. 
Os-innominatum is composed of three pieces of bones, 
namely ilium, ischium and pubis. 

Ilium is elongated. 

Between the pubis and ischium, obturator foramen is 
present. 

Pubis on both halves are united at the midventral line 
by pubic symphysis. 

It is a long stout bone. 

At the proximal end, there is a round head with neck. 
There are three elevated areas near the head known as 
trochanters, namely greater trochanter, lesser trochanter 
and third trochanter. 

At the distal end of femur there are two condyles. 
There is a patellar groove between the two condyles, 


Tibia and fibula are two long bones and lie parallel but 
united only on both ends, 

Tibia is stout but fibula is slender, 

At the anterior end of tibia there is a cnemial crest, 

At the distal ends of both tibia and fibula articular 
Surfaces are present, 


It is a heterotopic skeleton. 

The bone is a small, thin and rod-like. 

It is located in the glans penis of male guineapig. 
At the proximal end there is a small prominence. 
The distal end is rounded. 


2.8. Coelom (Body Cavity) 


The skin is an outermost covering of guineapig. It covers the muscles. If skin and 
muscles are removed from thorax and abdomen by dissection, the body cavity or coelom 
is exposed. This body cavity is divided into two compartments by a transversely placed 
musculo-tendinous partition. This musculo-tendinous partition is called diaphragm 
which is convex anteriorly and concave posteriorly. The anterior compartment is the 
(a) thoracic cavity and the posterior compartment is the (b) abdominal cavity. 

[a] Thoracic cavity: This cavity is bounded dorsally by the thoracic vertebrae, 
laterally by ribs and ventrally by the sternum. Thoracic cavity is internally lined by a 


— 
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membrane known as pleura, Pleura covers each lung. Between the two lungs there is a 
space known as mediastinum, In the mediastinum the heart is situated. The heart is 
also surrounded by a membrane knwon as pericardium. In the thoracic cavity a portion 
of oesophagus, trachea and bronchi are also present. The contraction of diaphragm 
increases the space of thoracic cavity. 

[b] Abdominal cavity : The bigger compartment that lies posterior to the diaphragm 
is called abdominal cavity. The abdominal cavity is internally lined by a membrane 
known as peritoneum. The folds of peritoneum that support the abdominal organs are 
known as mesenteries. Stomach, intestine, liver, pancreas, kidneys, urinary bladder, 
ovaries etc., lie in the abdominal cavity. So these organs are suppor'vd by mesenteries, 


2.9. Digestive System 


The fundamental plan of digestive system is same in all vertebrate as in guineapig ; 
though variations are existing in different species of vertebrates, The digestive system 
mainly consists of the alimentary canal and the digestive glands, 


2.9.1. ALIMENTARY CANAL 


The alimentary canal is long tube that extends from the mouth to the anus. This long 
canal is demarcated into different regions and functions are also different in the different 
regions. The alimentary canal is demarcated into the following regions, namely mouth, 
mouth cavity (Buccal cavity), pharynx, oesophagus, stomach, smal} intestine and 
large intestine with anus, n 

[a] Mouth: It is a transverse aperture on the anterior part of the head and is located 
ventrally. The mouth aperture is bounded by two movable soft lips. In the central part 
of the upper lip there is a cleft, through which the incisor is visible. 

Function : Ingestion, 

[b] Mouth cavity (Buccal cavity) : The mouth aperture leads to a wide cavity known 
as mouth cavity. Itis also known as buccal cavity. The mouth cavity is dorsally bounded 
by a palate. The anterior part of the palate is supported by skeleton, so this part is 
called hard palate ; but the posterior part of the palate is not supported by skeleton, so 
this is called soft palate. The palate separates the buccal cavity from the nasal cavity. 

On the floor of the mouth cavity there is a tongue. The tongue is a large, elongated 
and muscular organ and it is movable. The anterior end of the tongue is free but the 
posterior end is attached, The upper surface of the tongue is rough and provided with 
numerous papillae or taste buds which act as a sensory organ for taste. The upper and 
lower jaws are provided with teeth. They are used as cutting and chewing of food, The 
teeth of guineapig are thecodont, heterodont and diphyodont. The teeth are implanted 
in the sockets of jaws, hence the teeth are thecodont. Different types of teeth are present 
in guineapig ; so the teeth are ie te dont. Two sets of teeth are developed in guineapig : 
one set in the early life known as milk teeth, replacing the milk teeth is another set of 
teeth known as permanent teeth. Diphyodont means that the teeth develops twice : 
primary set (milk set) and the second set replacing the primary set, the permanent set. 
Altogether there are twenty parmanent teeth and these are developed in the jaws of an 
adult guineapig. The number and arrangement of teeth are expressed in terms of dental 
formula. Each type of teeth is expressed by their initial letter. ‘Thus the incisor, canine, 
premolar and molar teeth are denoted by i, c, pm and m respectively. The dental formula 
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represents half of the upper jaw as numerator and half of the lower jaw as denominator. 
The dental formula of guineapig is 

ix 0 mf mg =10 This formula indicates that in each half there are one incisor 
in upper jaw and one incisor on lower jaw, canine absent on both jaws, one premolar 
on upper and one premolar 
on lower jaws, three molar 
W 8 on upper and three molar on 
g lower jaws. As the canine is 
absent, there is a gap 
between the incisor and 
premolar and this gap is 


Dampier , N known as diastema. Hence 
on either side of each jaw 
Gall bladder \ there are diastema. In 
Bile duct 7 guineapig, the front part of 
3 the long incisor is chisel- 
Duodenum shaped. 
> © Structure of tooth: 
Ileum — f A tooth can be differentiated 


into three parts, namely 
crown, neck and root, The 
crown is the exposed part 
above the gum and the root 
is the embedded part in the 
socket of the jaw. The bulk 
of the tooth is formed by a 
hard calcium rich dentine. 
The dentine is enveloped by 
a coat of hard shiny enamel 
in the region of crown and 
the outer surface of root is 
Fig. 2.19 : Showing the digestive system of Guineapig. made up of calcium rich 
cimentum instead of 
enamel. Inside the tooth there is a central cavity known as pulp cavity. This pulp cavity 
is filled up with jelly along with the blood vessels and nerves. 

© Function : Chewing of food material by teeth and digestion of carbohydrate, by 
amylolytic enzyme both are taking place in the mouth cavity. 

[c] Pharynx : The buccal cavity leads to the next chamber that is known as pharynx. 
The pharynx is a short vertical chamber common to the nasal as well as oral cavities. 
The dorsal part of the pharynx is known as naso-pharynx and the ventral part of the 
pharynx is known as bucco-pharynx or oropharynx. Internal nasal apertures of 
nose open into the nasopharynx. Both the eustachian tubes of the middle ear open 
into naso-pharynx. Posterior part of the soft palate is extended into the naso-pharynx 
and this extended part is called yelum. Tonsils, a mass of lymphoid tissue are lackting 


intestine 
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in guineapig. On the posterior end of tongue on the floor of the bucco-pharynx, there is 
a slit-like opening known as glottis which leads to the larynx of the respiratory system. 
This glottis is guarded by a cartitaginous flap known as epiglottis. The epiglottis covers 
the glottis during the food movement. As a result, the food cannot enter the glottis. 
Posteriorly, the bu¢co-pharynx opens to the oesophagus through an aperture known as 
gullet. 

o Function : Food passes through gullet in the pharyngeal region. 

[d] Oesophagus : The oesophagus is a long tube that connects the pharynx with 
that of stomach. The oesophagus is about 12 to 15 cm long and 4 mm in diameter. It 
runs the midventral line along the neck dorsal to the trachea then proceeds through the 
thoracic cavity, pierces the diaphragm and ultimately opens into the cardiac portion of 
the stomach. 

© Function : Food materials passes through the oesophagus without any further 
digestion, 

[e] Stomach : The stomach is situated between the oesophagus and the small intestine 
in the left portion of the upper abdominal cavity. It is a highly muscular sac-like organ 
that lies horizontal to the long axis of the body. It has two curvatures, the inner concave 
side of the stomach is called lesser curvature and the outer convex side is called greater 
curvature. 

The stomach is divided into four regions, namely cardia, fundus, body and pylorus. 
The cardia is that area that surrounds the left side of the oesophageal opening. The 
fundus is an outpouching to the left and dorsal to the cardia, The body is a large area 
that lies between the fundus on the left and pylorus on the right. The pylorus is the 
terminal funnel-shaped area of the right side of the stomach that unites with the small 
intestine. A thick muscular band surrounds the opening of pylorus known as pyloric 
sphincter. It constricts the junction of stomach and small intestine. 

© Function : Food is temporarily stored and further digestion of protein of the 
food material starts by proteolytic enzyme. 

[f] Intestine : The alimentary canal that remains behind the stomach and extends 
upto the anus is calld intestine. This is mainly divided into two portions, namely small 
intestine and large intestine. Intestine occupies the major portion of the abdominal 
cavity. 

[i] Small intestine : It is the longest part of the alimentary canal. It extends from the 
pylorus of the stomach to the caecum of the large intestine. The small intestine remains 
as a numerous coiled loops inside the abdomen. It is about 125 cm long and 4 to 6 mm 
in diameter, Small intestine is divided into three regions, such as duodenum, jejunum 
and ileum. 

@ Function: The semidigested food material is converted into simplest form by 
the different types of enzyme and these simplest materials are absorbed in the blood for 
assimilation in the body. 

o Duodenum is the first-part that proximally located of the small intestine andit is 
the shortest (10-12 cm long) of the three parts. It is U shaped loop. The pancreatic 
duct as well as common bile duct open into the duodenum. 

@ Jejunum is the largest portion of small intestine and it is about 95 cm long. It lies 
between the duodenum and ileum. It is highly coiled. 
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® Ileum is the last portion of the small intestine. It lies between the jejunum and 
caecum of large intestine. It is tightly coiled. It terminates into the caecum and the 
opening is guarded by iliocoelic valve. The 
Villus - coiled loops of jejunum and ileum are held 


0 1 0 * together on the dorsal wall of abdomen by folds 
epithelial cel 


of mesenteries. Internally, there are large number 
f : of villi which are finger like projections of the 
Goblet cell (G 5 mucosa and these projections are present in both 
5 ; the jejunum and ileum. These villi increase the 
absorptive surface of the intestine. 
[ii] Large intestine : The large intestine is 
f wide ; it begins at the ileocaecal valve and 
Bion p terminates at the anus. The large intestine is 
fi divisible into caecum, colon, rectum and anal 
— canal. In guineapig, the vermiform appendix is 
Intestinal gland CY absent. 8 s n 
Pina ® Function : In the large intestine, the 
3 5 undigested material forms the faecal matter. This 
igaro Nats eene Noite faecal matter is temporarily stored and time to 
inner wall of Ileum). 8 TER i 
time it is thrown outside. f 
@ Caecum is the first part of the large intestine and situated at the junction of the 
ileum and colon. It is a large sac of about 15 to 20 cm long. 
® Colon is the second part of the large intestine ; it begins after the caecum and 
terminates at the rectum. It is about 70 to 75 cm long. The colon is divisible into 
ascending, transverse and descending colon. The terminal part of colon is beaded. 
© Rectum is a straight tube of about 7 to 10 cm long and continuation of descending 
colon, It terminates at the anal canal. 
Anal canal is a short tube of about 5 mm long which is the terminal part of the 
large intestine. It opens externally through the anus. Anus is guarded by the anal 
sphincter muscles, 


2.9.2. DIGESTIVE GLANDS 


The glands which are associated with the digestion of the food material are known 
as digestive glands. These are—(a) Salivary glands, (b) Liver, (c) Pancreas, (d) Gastric 
glands and (e) Intestinal glands. Parotid gland 

[a] Salivary glands : There are 
five pairs of salivary glands in Infraorbital gland 
guineapig. Their names have been 
given mainly on the basis of their 
location, such as parotid, 
mandibular, major and minor 
sublingual and infraorbital or | ‘tongue 
zygomatic. Their secretion is known 
as saliva. » j Submaxillary gland 

Function: The saliva comes 
to the mouth cavity through salivary 


Lacteal 


Nostril 


Fig. 2.21: Salivary glands of Cavia. 


GUINEAPIG (Cavia porcellus) j 525 


ducts and mixes with the food material. The ptyalin enzyme of saliva converts starch to 
a simpler carbohydrate. So digestion of starch starts in the mouth cavity. 


@ These glands are described below : 

li] Parotid gland : Two parotid glands are the largest amongst the salivary glands. 
Each parotid gland is located beneath the cutaneous muscle at the junction of mandible 
and neck, ventral to the pinna. Secretion of each gland is carried by a single duct that 
opens into the mouth opposite the premolar. 

[i] Mandibular gland: This is also known as submaxillary gland. The gland of 
each side is situated on the ventral surface of the neck and floor of the buccal cavity, 
The duct of each gland opens into the mouth cavity just ventral to the inferior incisors. 

[iii] Major sublingual gland: This is also paired gland. On each side, the gland is 
situated ventro-medial to the mandibular gland. Single duct of each gland runs parallel 
to the mandibular duct and joins with the mandibular duct near its terminal end. 

[iv] Minor sublingual gland: This is a tiny paired gland. Each gland is situated 
between the last two lower molars and the tongue. Each gland has a few small ducts 
that open opposite the lower molars. 


[v] Infraorbital gland (zygomatic gland): These paired glands are located ventral 
to the eye along the dorso-medial rim of the zygomatic arch. Each gland consists ofa 
number of small ducts and open in the buccal cavity opposite the upper second molar. 


[b] Liver : The liver is the largest gland in ihe body. It is lying just below the 
diaphragm and above the stomach. The liver is dark red-brown in colour and generally 
hemispheric in shape with a convex on the diaphragmatic surface and a concave on the 
visceral surface. The liver is attached with the diaphragm by a ligament known as 
falciform ligament. The liver consists of four lobes with four sublobes as well as two 
processes. The largest hepatic lobe is the quadrate lobe and the caudate lobe is the 
smallest hepatic lobe. The secretion of liver is known as bile. 

The gall bladder is situated between the third and fourth lobe of the liver. It is a 
thin-walled, pale green and oval sac. The gall bladder stores and concentrates the 
bile. The hepatic ducts from the liver are joined and form a common hepatic duct. The 
common hepatic duct joins with the cystic duct of the gall bladder to form a common 
bile duct which opens into the duodenum. This duct carries the bile to the duodenum. 

© Function: Bile does not contain any enzyme. But the bile salts help in the 
breakdown of fats and oils. 

[c] Pancreas : The pancreas is an elongated, irregular flat-shaped structure and 
pink red in colour. It is situated between the limbs of the duodenum. There is a pancreatic 
duct that comes out from the pancreas and opens into the duodenum ; this duct carries 
the pancreatic juice, secretion of pancreas to the duodenum, 

Function: Pancreatic juice contains three types of enzymes, such as trypsin, 
amylase and lipase. These enzymes convert more simpler form of proteins, carbohydrates 
and lipids respectively. i 
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Table 3 : Showing the different parts of the digestive system : 
DIGESTIVE SYSTEM 


Alimentary Canal Digestive glands 
L 
Salivary Liver and Pancreas Gastric glands Intestinal 
glands Gall bladder glands 
us N Jal 
Parotid Mandibular Sublingual Infraorbital 
(Majorand (zygomatic) 
Minor) 
a 
* J F l T i 
Mouth Buccal cavity Pharynx Oesophagus Stomach Intestine 
L L L 


Upper Lower | Nasopharynx Buccopharynx Cardia Fundus Body Pyloric 
lip lip Ñ 


t L q 
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[d] Gastric glands : There are large number of glands that are situated on the inner 
mucous lining of the stomach. The secretion of these glands is known as gastric juice. 

o Function : Gastric juice contains mainly pepsin enzyme which converts the protein 
in more simpler form. 

[e] Intestinal glands : On the inner mucous lining of the intestine, there are large 
number of glands which are known as intestinal glands. The secretion of these glands 
is called intestinal juice. 

Function: Intestinal juice contains protein spliting enzyme erepsin and 
carbohydrate spliting enzymes maltase, lactase and sucrase. The erepsin converts the 
protein into amino acids and amylolytic enzymes convert carbohydrates into simplest 
monosaccharides. 


2.9.3. MECHANISM OF DIGESTION 


The mechanism of digestion has been divided into three phases, such as ingestion, 
digestion of food materials and egestion of undigested food. These are described below 
when the food passes through the different parts of the alimentary canal. 
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[a] Ingestion (Feeding) : After the birth of young guineapig, young ones depend on 
the milk of mother. They suck the milk from the mammary glands of the mother. Adult 
guineapig depend on the vegetables and so they are harvivorous. They cut the vegetables 
into small pieces with the help of incisors and then chewed with the help of premolars 
and molars in the mouth cavity. 

[b] Digestion : The food material is digested by mechanical as well as by chemical 
processes. The food is first mechanically broken into minute pieces by teeth and then 
chemical reactions start. In the mouth cavity, the saliva is secreted by the salivary 
glands. The saliva contains an enzyme known as ptyalin. This ptyalin acts on the 
carbohydrate (starch) material of the food. After the chemical reaction on starch, a 
complex carbohydrate is being converted into more simpler substance, the maltose. 
So the digestion first starts in the mouth cavity. The masticated food now comes to the 
stomach through oesophagus. The oesophagus simply conveys the masticated food 
from the buccal cavity to the stomach via buccopharynx. The oesophagus has no role 
in breaking down the food material. 

The masticated food is temporarily stored in the stomach for further digestion. The 
masticated food is further mixed with the gastric juice in the stomach. The gastric juice 
which is secreted from the mucous membrane of stomach contains the low concentration 
of HCI (hydrochloric acid) and proteolytic enzymes namely pepsin and rennin. The 
food is hydrolysed by HCl, then the pepsin acts on the protein of the food and the 
protein is converted into a simpler form known as peptone. The rennin coagulates the 
milk-protein. Thus the food becomes partially digested in the stomach. This partially 
digested fluid material is known as acid-chyme. This acid-chyme slowly passes to the 
duodenum through the pyloric sphincter of the stomach. The pyloric sphincter regulates 
the flow of acid-chyme. 

In the duodenum, The acid-chyme food is mixed up with the bile that comes from 
the liver and pancreatic juice that comes fom the pancreas. The bile and pancreatic 
juice both are alkaline in nature. So these two juices first neutralise the acidity of the 
chyme and then alkaline medium is formed. Bile does not possess any enzyme but it 
helps in the break down of fat through emulsification. The pancreatic juice contains 
enzymes, namely the proteolytic enzyme trypsin, amylolytic enzyme amylase and 
lipolytic enzyme lipase. The enzyme trypsin converts the protein into peptone, amylase 
acts on starch and converts into maltose and lipase converts the fat of the food into 
fatty acid and glycerol. Due to peristaltic movement of intestine, partially digested 
food comes to the jejunum and ileum. Hence the intestinal juice which is secreted from 
the intestinal wall comes in contact with the partially digested food. Intestinal juice 
contains enzymes such as proteolytic enzyme erepsin and amylolytic enzymes maltase, 
lactase and sucrase. Erepsin acts on peptones and convert it into amino acids that 
form the simplest form of protein. Enzymes like maltase, lactase and sucrase act on 
maltose, lactose and sucrose respectively and convert them into glucose and simple 
sugars. Thus the complex food substances are converted into the simplest products, 
namely amino acids, fatty acid, glycerol and glucose. These simplest substances are 
absorbed through the villi of the small intestine and circulated in the blood stream. The 
undigested food passes on the large intestine where the water is absorbed. 

[c] Egestion : After absorption of water, the undigested food material comes to the 
rectum of the large intestine and is stored temporarily there. Time to time this undigested 
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faecal matter is thrown off through the anal aperture as small pellets. These pellets that 
are passed during the day time are dry and hard. But the pellets that are passed at night 
are soft with mucus. The guineapigs are in the habit of ingesting these soft nocturnal 
faecal matter and so they are known as coprophagous. 


Table 4 : Showing in short the digestion of food substances : 
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Juice 
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Maltose 
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Intesti- | Intestinal | Small Erepsin Peptide 

nal juice} glands Intestine Maltase Maltose 

Lactase Lactose 

Sucrase Sucrose 


AminoAcids 
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2.10. Respiratory System 


The guineapig is absolutely a terrestrial animal. Hence its respiration is an aerial 
one. The guineapig takes oxygen from the air. Respiration may be defined as a process 
by which the gaseous exchange takes place, i.e., taken in of oxygen and elimination of 
carbon dioxide. The respiratory system of guineapig is responsible for the gaseous 
exchange between the air and the blood. For this exchange of gases lungs are present. 
So the lungs are performing the actual exchange of gases between the air and the 
blood. Hence the lungs are regarded as primary respiratory organ. But the air from 
the outside of the body passes through a long tract before coming to the lungs and this 
tract is known as respiratory tract. So the respiratory tract is regarded as secondary 
or accessory respiratory structure which consists of nose, larynx, trachea and 
bronchus. Thus the respiratory system comprises of the following structures : nose 
(external nares, nasal passages, internal nares), nasopharynx with glottis, larynx, trachea, 
bronchus and lungs. 


2.10.1. THE RESPIRATORY STRUCTURES ARE DESCRIBED BELOW 


[1] Nose: The two openings at the tip of the nose are the external nares or nostrils. 
These two nostrils lead to the two nasal passages (cavities) separated by a nasal septum. 
These two nasal passages internally open to the nasopharynx through two internal 
nares. The two nasal passages filter, warm and moisten the air. The nasopharynx carries 
this warm air from the nose to the larynx. 


———— 
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[2] Larynx : This is commonly known as voice box which is situated on the floor 
of the pharynx. This voice box communicates with the pharynx through an aperture 
and this aperture is called glottis. The glottis is covered over by a cartilaginous flap 
and this flap is called epiglottis. The epiglottis covers the glottis during the movement 
of food from the pharynx to the oesophagus ; so that food cannot enter to the larynx. 
The larynx lies on the top of the trachea. It is more or less square in shape and is 
composed of five cartilages which are joined together by muscles and ligaments. These 
cartilages are epiglottis, thyroid, cricoid and paired arytenoid. The thyroid cartilage 
is the largest laryngeal cartilage. It forms the ventral and lateral walls of the larynx. The 
cricoid cartilage forms the posterior part of the larynx and paired, small arytenoid 
cartilages form the dorsomedial laryngeal wall. The laryngeal cavity bears a pair of 
elastic vocal cords. The vibration of the vocal cords produces the sound, So the larynx 
protects the trachea and assists in creation of sound. 

[3] Trachea: It is commonly known as wind pipe. The trachea is a long tube that 
connects the larynx with the bronchi. It lies midventral line of the neck and dorsally it 
is in contact with the oesophagus. The trachea is supported by a series of 35-to 40 
cartilaginous rings that are incomplete dorsally. So the trachea becomes non- 
collapsible tube. 

[4] Bronchus : The trachea bifurcates in the thorax into left and right bronchi, 
Each bronchus enters into the corresponding lung. Bronchi have cartilaginous, rings. 
Each bronchus after entering to the lung, divides into narrow branches known as 
bronchioles. 

[5] Lungs : Two lungs are situated in the thoracic cavity, one on the left side another 
on the right side. Each lung is light, pink- 
red and multilobulated triangular organ. 
Each lung has an apex which lies in the 
thoracic inlet and a concave base which 
lies dorsal to the diaphragm. The left lung 
has three lobes and the right lung has four Cartilaginous 
lobes including the accessory lobe known ring 
as azygos lobe. Both the lungs are elastic 
and spongy in nature. Each lung is covered 
by a fine membrane known as pleura. It 
has its two layers, namely parietal and 
visceral layers. The parietal layer of 
pleura lines the thoracic cavity wall and 
the visceral layer of pleura directly covers 
the lung. The two layers of pleura are 
united at the epex of lungs. There is a film 
of fluid between the two layers of Y caudal tobe 
pleura that prevents the friction during Y 
expansion and contraction of lungs. 

The bronchus after entering into the 
lung, divides to form bronchioles that 
again redivides to form large number of 
finer branches. The terminal finer branches are known as alveolar ducts. The walls of 
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Fig. 2.22 : Respiratory System of Cavia. 
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the alveolar ducts are being dilated to form large number of thin air sacs which are 
known as alveoli. The pulmonary blood vessels break up into capillaries that form a 
network like structure surrounding each alveolus, Le., alveoli are surrounded by network 
of blood capillaries. 


2.10.2. MECHANISM OF RESPIRATION 


The mechanism of respiration or breathing takes place by two physical processes, 
such as inspiration and expiration. ‘The gaseous exchange occurs between the inspiration 
and expiration. During these processes, intercostal muscles and diaphragm are playing 
very important role. 

{a) Inspiration : The process by which the air enters inside the lungs is known as 
inspiration. During the time of inspiration, the intercostal muscles and muscles of the 
diaphragm contract ; as a result of contraction, the ribs with sternum come forward 
and the diaphragm becomes flat. Thus the space inside the thoracic cavity increases 
and so both the lungs are now dilated. Due to expansion, pressure inside the lungs is 
decreased and the atmospheric air enters in both the lungs through nose, larynx, trachea 
and broncheoles. Ultimately the air comes to the alveoli via the alveolar ducts. After 
that there is an exchange of gases between the alveolar air and blood of the eapillaries 
by the process of diffusion. ‘The oxygen of the alveoli enters into the blood of the 
capillaries and the carbon dioxide of blood capillaries comes to the alveoli of lung. 

[b] Expiration : The process by which the air of the lung comes outside of the body 
is known as expiration, During expiration, the intercostal muscle and muscle of the 
diaphragm relax to their normal condition, as a result the thoracic cavity comes back to 
the normal position, Thus indirectly exerts pressure on both the lungs and drives the 
carbon dioxide mixed air to the outside through the respiratory tract. Though small 
amount of air still remains in both the lungs after expiration and this is known as 
residual air. We can say that the inspiration is an active phase but expiration is a 
passive phase of respiration, 


2.11. Circulatory System i 

‘Two types of fluids are circulated inside the body of guineapig. These fluids are the 
blood and lymph. Blood is flowing through the blood vessels and the lymph is flowing 
through the lymph vessels, Thus the circulatory system constitutes two types, namely 
blood vascular system and the lymphatic system, 

2.11.1, BLOOD VASCULAR SYSTEM 

‘The blood vascular system is formed by three important components, such as blood, 
heart and blood vessels. 

[1] Blood : /1 is a fluid connective tissue. There are two main constituents of blood, 
namely plasma and blood corpuscles. Plasma is a pale yellow liquid: Plasma contains 
90% water and the inorganic and organic substances that are dissolved in water, form 
the remaining part of the plasma. a N 

Blood corpuscles are flowing in the plasma. Three types of blood corpuscles arc 
present in the plasma, namely erythrocyte (Red blood corpuscle, in short R.B.C.), 
leucocyte (White blood corpuscle, in short W.B.C.) and thrombocyte (blood platelet). 
Erythrocytes are huge in number in relation to the number of the other corpuscles. 


— 
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Each erythrocyte is round and biconcave, Matured erythrocytes are non-nucleated 
but contain a pigment known as haemoglobin, Actually the red colour of the blood is 
due to the presence of haemoglobin. This haemoglobin carry oxygen from lungs and 
distributed to the different cells of the body. Leucocytes are bigger in shape than 
erythrocytes but their number is less, There are five different types of leucocytes, namely 
neutrophil, eosinophil, basophil, lymphocyte and monocyte. The shape of the nucleus 
is different in different types of leucocytes. Leucocytes are acting mainly as defence of 
the body. Thrombocytes or platelets are smaller in size and they are nom-nucteated 
These cells help in coagulation and thus prevents haemorrhage. 


* 
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© FUNCTION OF BLOOD : Various functions are done by blood, Some of the 
important functions are mentioned below : 
{a} Blood absorb food substances (glucose, amino acids, vitamins, minerals etc.) 
and hormones are circulated in the flow of blood. 
[b] RBC of blood carry oxygen from lungs and transported to the different parts of 
the 


body. 
le] Excretory substances which are produced as by-products during the metabolism, 
flow along the current of blood and are eliminated through the specific organ. 
[d] Blood helps in the maintenance of body temperature. 
lel Leucocytes of blood act as a defensive mechanism of the body. 
If ‘Thrombocytes are helping in prevention of loss of blood during injury. 
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[2] Heart : The heart is a hollow, muscular and cone-shaped organ which lies in 
the thoracic cavity between the two lungs and this space is known as mediastinum. The 
position of heart in the mediastinum is roughly in the midline of the thorax with its 
base pointing cranially and the apex caudally. 

The triangular heart is coverd with a thin, tough and transparent membrane known 
as pericardium. The pericardium is 
composed of two layers, parietal and 
Right subclavian visceral. The visceral layer of the 

cee pericardium is firmly attached to the 

Pulmonary artery heart. The potential space between 
these two layers is filled up with a 
auricle \ = thin film of fluid. This is known as 
pericardial fluid which prevents 
friction during contraction and 
relaxation of heart. 

The heart of guineapig is formed 
by four chambers. Chambers are two 
auricles (left and right) and two 


Carotid artery Left subclavian artery 


ventricle ventricles (left and right), The heart 
is provided with grooves on its outer 
Fig. 2.24 : Heart of Cavia. surface. The transverse coronary 


groove (sulcus) on the outer surface of the heart represents the separation line between 

the auricles and ventricles. In this transverse groove, there is coronary vessel. Externally 

there are two longitudinal grooves, one on the dorsal and another on the ventral surface 

known as interventricular sulci. These two grooves are marking the approximate 

separation between the two ventricles, Coronary vessels are also present in these grooves. 

[a] Auricles : Auricles are thin walled and they lie side by side on the anterior part 

of the heart. The left auricle is smaller than the right auricle. Internally the two auricles 

are separated by a partition wall which is called interauricular septum. The 

interauricular septum bears a small crescent shaped to oval depression at its right 

auricular face which is known as fossa ovalis. Before the birth of young ones, during 
their embryonic stage there remains an aperture on the interauricular septum and through 
which the two auricles are communicated ; this aperture is known as foramen ovale. 
However this aperture becomes closed just before the birth of the young ones but there 
remains a depression at that point and so subsequently it is known as fossa ovalis. The 
right auricle bears four openings and these are : (i) coronary sinus opens into the 
right auricle between the posterior vena cava (postcaval vein) and the right auriculo- 
ventricular aperture and this opening drains the venous blood of heart ; (ii) posterior 
vena cava opens in the ventral aspect of the right auricle near the interauricular septum 
and this large opening drains the venous blood from the posterior part of the body ; (iii) 
anterior vena cava (precaval vein) opens into the dorsal aspect of the right auricle and 
drains the venous blood from the anterior part of the body and (iv) right auriculo- 
ventricular aperture lies at the junction of right auricle and right ventricle and drives 
the venous blood from right auricle to right ventricle. The left auricle bears two openings. 
(i) On the dorsal wall of the left auricle there is a large aperture of the pulmonary veins 
and this opening is known as ostium venorum pulmonalium. This large opening drains 
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the oxygenated blood from the lungs to the left auricle. (ii) Another opening is located 
ventrally known as left auriculo-ventricular aperture that opens into the left ventricle. 
This aperture allows the oxygenated blood from left auricle to the left ventricle. 

[b] Ventricles : Two ventricles are placed side by side below the auricles, Internally 
the two ventricles are completely separated by a muscular partition known as 
interventricular septum, The muscles of the ventricular wall are thicker than auricles. 
The internal wall of the right ventricle is provided with muscular ridges that are called 
trabeculae carneae. There are also papillary muscles which are elevated muscles on 
the inner wall. The right ventricle is connected with the right auricle through an oval 
aperture known as right auriculo-ventricular ostium or aperture. This aperture or ostium 
is guarded by a right auriculo-ventricular valve or tricuspid valve. The tricuspid valve 
is formed by three delicate and transparent cusps. These cusps are known as angular 
cusp (ventral cusp), parietal cusp (dorsal one) and septal cusp (medial one). The 
bases of the three cusps are attached to the margin of the auriculo-ventricular aperture 
and their apexes are projecting into the aperture. Each cusp is attached by the strong 
but delicate white fibres known as chordae tendineae which in turn anchored to the 
papillary muscles of the ventricular wall. This arrangement of attachment of chordae 
tendineae prevents regurgitation of 
blood back into the right auricle. | superior 
The pulmonary arch arises from the ¶ vena cava 
right ventricle. Its round opening 
lies close to the interventricular |Rightauricle 
septum. This opening is guarded by | Pulmonary 
a pulmonary valve whichis formed 135 
by three semilunar transparent 2 
cusps.The rounded margin of the 


Pulmonary vein 
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Aorta 
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7 Left ventricle 
three cusps are attached to the side 7] —~ Papillary muscle 
of the aperture and their ends are | Tricuspid valve 892 i 
projected into the lumen. The Right ventricle QU Intra ventricular wall 


pulmonary valve prevents the flow Dorsal artery 
of blood back into the right 
ventricle. 

The left ventricle occupies the major part of the diaphragmatic surface of the 
heart and it also forms the apex of the heart. The left ventricle is larger and more 
thicker wall than the right ventricle. The trabeculae carneae are more densely packed 
than those of the right ventricle. The papillary muscles are also thicker than those of 
the right ventricle. The left ventricle communicates with the left auricle through a left 
auriculo-ventricular aperture. This aperture is guarded by a mitral valve. This valve is 
also known as bicuspid valve or left auriculo-ventricular valve. This valve is made up 
Of two cusps. These two cusps are unequal in size, larger one is the septal cusp and the 
smaller one is known as parietal cusp. Both the cusps are attached with the chordae 
tendineae that are anchored to the papillary muscles of the ventricular wall. Chordae 
tendineae prevents regurgitation of left ventricular blood back into the left auricle. 
The arch of aorta arises from the left ventricle. The opening of the aorta is guarded by 
the aortic valve. It consists of three semilunar cusps just like the pulmonary valve of 
the pulmonary arch in the right ventricle. The aortic valve prevents the back flow of 
blood into the left ventricle. 


Fig. 2.25 : Vertical section through heart of Cavia. 
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2.11.1.1. MECHANISM OF BLOOD CIRCULATION THROUGH HEART 

The heart of guineapig circulates the blood inside its different chambers by alternate 
contraction and relaxation. This function of the heart continues day and night. The 
contraction of the heart is known as systole and relaxation of the heart is known as 
diastole. 

The two auricles after filling with blood, begin their systole simultaneously. During 
the systole of auricles, tricuspid and mitral both the valves become open and the blood 
rushes to the ventricles. Deoxygenated blood of the right auricle goes to the right ventricle 
through the tricuspid valve and the oxygenated blood of the left auricle goes to the left 
ventricle through the bicuspid or mitral valve. Thus the two ventricles are filled up 
with blood and the systole starts simultaneously in both the ventricles. During the 
systolic phase of the ventricles, the tricuspid and mitral valves become closed. So the 
deoxygenated blood of the right ventricle rushes to the pulmonary arch through the 
semilunar cusps of the pulmonary valve and the oxygenated blood of the left ventricle 
rushes to the left aortic arch through the semilunar cusps of the aortic valve. Now the 
diastole occurs in both the ventricles as well as in auricles. As a result of diastole, the 
pulmonary and aortic valves of right and left ventricles respectively become closed. 
Due to diastolic phase in auricles, the deoxygenated blood from anterior and posterior 
vena cava enters to the right auricle and oxygenated blood from the pulmonary veins 
enters into the left auricle. After that the two auricles contract simultaneously and 
repeat this cycle again. 


[3] Blood Vessels :The heart received and distributes the blood to the different ` 
parts of the body through well organised channels and these channels are called blood 
vessels. These vessels form a well organised closed circuit in the body. These blood 
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Fig. 2.26 : Blood vessels in Cavia : (a) Artery, (b) Vein, (c) Capillary. 


vessels are of two types, namely artery and vein. The vessels through which the blood 
flows from the heart to the different organs of the body are called. arteries. All the 
arteries carry the oxygenated blood except the pulmonary artery. The artery divides 
into a number of smaller branches and each of which is known as an arteriole, Each 
arteriole divides again into minute branches known as arterial capillaries. The arterial 
capillaries unite with the venous capillaries. The arterial capillaries and venous capillaries 
together form a capillary network. The venous capillaries unite to form the venules. 
The venules unite to form bigger vessels known as veins. All the veins carry the blood 
from the different organs of the body to the heart. The vessels that carry the blood from 
the different parts of the body to the heart again are called veins. All the veins except 
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the pulmonary vein carry the deoxygenated blood. Thus the blood from the. heart is 
transported to the artery, then to arteriole and capillaries, from capillaries to venules 
and veins, then back to heart again. Hence the blood continuously flows through the 
closed vessels and this type of circulation is called closed circulation. 


2.11.2, ARTERIAL SYSTEM 


All the arteries of the body is collectively form the arterial system. Two big arches 
directly arise from the heart of guineapig as well as in other mammals, namely 
pulmonary arch and aortic arch. Thus the branches and sub-branches of pulmonary 
and aortic arches collectively form the arterial system. 

[A] Pulmonary arch : The pulmonary arch or pulmonary trunk arises from the 
right ventricle and it then divides into two arteries, namely right pulmonary artery and 
left pulmonary artery. The right pulmonary artery passes dorsal to the superior vena 
cava and under the arch of aorta. After entering in the hilus of the right lung, the right 
pulmonary artery divides into four main branches and each branch enters to the each 
lobe of the right lung. The left pulmonary artery passes ventral to the aorta and bronchus 
of the left lung. After entering to the hilus of the left lung, it divides into three main 
branches and each branch enters to the each lobe of the left lung. The pulmonary arch 
carries the deoxygenated blood from the right ventricle of the heart, then it distributes 
in both the lungs for oxygenation. 
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Fig. 2.27 : Aortic arches of Cavia. 

[B] Aortic Arch: Only the left aortic arch is present in guineapig. It arises from 
the left ventricle. After it arises from the left ventricle then the aorta moves upward and 
backward which forms an arch and turns to the left and goes down posterior to the 
heart, The aorta is the largest artery in the body and forms the main trunk of the systemic 
circulation. The aorta is divided into three portions : the ascending aorta, the arch of 
aorta and descending aorta. 

[a] Ascending Aorta : The basal short region of the aorta is called the ascending 
aorta. The ascending aorta gives rise to two or three coronary arteries. The coronary 


arteries supply blood to the heart. 
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[b] Arch of Aorta: After the ascending aorta the trunk then curves dorsally and to 
the left which is known as arch of aorta. Two large arteries arise from the arch of aorta, 
namely brachiocephalic trunk and left subclavian artery. 

(i) Brachiocephalie trunk: It is very short but stout of about 5-7 mm long. 
Previously it was known as innominate artery. It arises from the middle of arch. It 
gives rise to three branches, a pair of carotid and a right subclavian. Brachiocephalic 
trunk first gives rise to left common carotid artery and then it continues dorsally and 
bifurcates into right common carotid and right subclavian artery, The left and right, 

both the common carotid run on each side of the neck lateral to the trachea, Each 
common carotid artery at the level of the larynx divides into the internal and external 
carotid arteries, External carotid arteries supply the blood to the external parts of 
head and internal carotid arteries supply blood to the brain. 


(ii) Left subclavian artery: It arises to the left of the brachiocephalic trunk from 
the curved point of the arch of aorta. The left subclavian is longer than the right 
subclavian artery. Both sides of the subclavian arteries supply blood to the respective 
side of the forelimbs. 

Each subclavian artery gives off the following branches : Vertebral artery, supplies 
blood to the vertebral column ; Costocervical artery, supplies blood to the ribs and 
scapula ; Internal thoracic artery, supplies blood to the chest wall and mediastinal ; 
Superficial cervical trunk, supplies blood to the upperpart of the shoulder and neck. 
The continuation of the subclavian is the axillary artery which supplies blood to the 
forelimb. 


[c] Descending aorta : After the arch of aorta, the aortic trunk that runs dorsal to 
the heart along the vertebral column up to its bifurcation in the lumbar region of the 
abdomen is known as descending aorta. This is also known as dorsal aorta. The 
descending aorta is divided into thoracic and abdominal. The thoracic portion of the 
descending aorta runs parallel to the vertebral column and it leaves the thorax through 
the diaphragm. 

The thoracidorta gives rise to the paired intercostals and cranial phrenic arteries. 
The eight pairs of intercostal arteries extend laterally from the thoracic aorta. These 
arteries supply the blood to the vertebral muscles and overlying skin. The cranial 
phrenic arteries are the short branches and they supply the peripheral border of the 
diaphragm. 

The branches of the abdominal aorta are paired and unpaired visceral arteries. 
The unpaired arteries are coeliac trunk and caudal mesenteric artery. [i] The coeliac 
trunk (coeliaco mesenteric) is the largest artery that arises just behind the diaphragm 
from the abdominal aorta. It gives rise to the following branches : gastropancreatico 
splenic artery, supplies blood to the stomach, pancreas and spleen ; the hepatic artery, 
supply the liver ; cranial (anterior) mesenteric artery, supplies major part of the intestine 
and their mesenteries. Occasionally there may be another branch known as accessory 
middle coeliac artery which supplies the transverse and proximal descending colon. 


[ii] Caudal (posterior) mesenteric artery : This is a small unpaired vessel and 
arises from the abdominal aorta at the posterior level of the kidney. It supplies the 
descending colon, rectum and anus. 
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The paired visceral branches are: renal arteries, testicular or ovarian artery, lumbar 
arteries. The renal arteries arise from the lateral side of the abdominal aorta caudal to 
the origin of the coeliac artery. There are two pairs of renal arteries which supply to 
the kidneys. The testicular or ovarian artery is single paired and arises shortly after the 
renal artery. Testicular or ovarian artery supply to the testis in male and ovary in female. 
Six pairs of lumbar arteries arise from the abdominal aorta and supply to the lumbar 
vertebrae. 


External carotid artery 


Internal carotid artery 


Common carotid artery 


Left subclaviun artery 
Vertebral artery 


Brachial artery 


Internal mammary 


Renal artery 


Genital artery 


Lumbar arteries 


Coceygeal artery 


General iliac artery 


External ilige artery 


Fig. 2.28 : Arterial system of Cavia. 
The abdominal aorta at the level of the last lumbar vertebra bifurcates into left and 
right common iliac artery. Each common iliac artery divides into an external iliac 
artery and an internal iliac artery, The external iliac artery supplies blood to the 
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major part of the hindlimb and the internal iliac artery supplies blood to the pelvis and 
associated organs. 


Table 5 : Showing the origin and distribution of major arteries : 


Main Artery Origin of main Major Branches Originof | Distribution 


Artery 


[A] Pulmonary | Right ventricle 
Trunk 

[B] Aorta Left Ventricle 
(Only left) 


Right and left 
pulmonary 
arteries 


Coronary arteries 


(a) Brachioce- 
phalic trunk, 
branches: 

(i) Left common 
carotid 

(ii) Right common 
carotid 

(iii) Right 
subclavian 

(b) Left 
subclavian 


Branches of 
subclavians- 

(i) Vertebral artery 
(ii) Costocervical 
artery. 

(iii) Internal 
thoracic artery 
(iv) Superficial 
cervical trunk 


(a) Thoracic 
aorta : 
(i) Intercostals 


(ii) Cranial phrenic 


(b) Abdominal 
aorta : 
(i) Coeliac trunk 


(ii) Renal artery 


(iii) Lumbar arteries 


(iv) Testicular or 
ovarian artery 


(v) Caudal 
mesenteric artery 
(vi) Iliac artery 


Major 
Branches 


Right and left lung 
and carry deoxyge- 
nated blood. 


Ascending | Distribute to heart 

aorta and carry oxygen- 
ated blood. 

Aortic Systemic 

arch circulation and 
carry oxygenated 
blood, 


Both the carotids 
supply blood to 
head and brain. 


Aortic arch | Both right and left 
subclavian arteries 
supply blood in the 
forelimbs. 
Subclavian 

artery 

Vertebral column, 
Ribs and scapula 


Chest wall and 
mediastinal organs. 
Upper shoulder 
and neck, 


Descen- 
ding aorta 
(Dorsal 
aorta) 


Vertebral muscles 
and overlying skin. 
Border of diaphragm. 


Stomach, liver, 
intestine etc. 
Kidney 

Lumbar Vertebrae 
Testes in male and 
ovary in female. 
Descending colon 
and rectum. 
Hindlimb. 
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2.11.3. VENOUS SYSTEM 
All the veins in the body are collectively formed the venous system. The venous 


system is classified into four groups, such as pulmonary, cardiac, systemic and portal 
veins. 


Venacava i 
Ventricle 


Heart — Dorsal aorta 
Hepatic artery 


Hepatic vein A — Hepatic portal vein 
Mesenteric artery 


Renal vein OQ, Renal artery 
N) 


Abdominal and 


Abdominal and % 
lower arteries 


lower vein 


Fig. 2.29 ; Circulatory system of Cavia. 

[1] Pulmonary Veins : Three groups of pulmonary veins are coming from the 
different lobes of the right and left lungs and subsequently they unite to form a large 
single trunk. This single pulmonary trunk drains the oxygenated blood from the lungs 
and opens into the left auricle. 

[2] Cardiac Veins : The cardiac veins from the different parts of the heart open into 
the right auricle by the coronary sinus or directly into the heart, These veins drain 
deoxygenated blood from the proper heart tissue, then transmit to the right auricle. 

[3] Systemic Veins : The veins that carry the deoxygenated blood from the different 
systems of the body to the heart are known as systemic veins. Two large systemic veins 
are present, one that drains blood from the anterior end of the body is known as cranial 
vena cava previously known as anterior vena cava (precaval) and the other that drains 
blood from the posterior end of the body is known as caudal vena cava previously 
known as posterior vena cava (post caval). Cranial vena cava and caudal vena cava 
both the large veins open into the right auricle. 

(a) The large cranial vena cava (anterior vena cava or precaval) : It is formed by 
the union of two, left and right brachiocephalic veins, On each side this short 
brachiocephalic vein is formed by the union of axillary vein and jugular veins. The 
axillary vein formerly was known as subclavian vein that drains deoxygenated blood 
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from the forelimb. Jugular vein on each side is formed by the union of internal jugular 
vein and external jugular vein. The external jugular vein drains deoxygenated blood 
from the face and the associated parts and the internal jugular vein drains the 
deoxygenated blood from the brain, Each brachiocephalic vein receives the vertebral 
vein and costocervical vein which drains the blood from the neck muscles. The cranial 
vena cava when it proceeds on the posterior end receives the internal thoracic vein. It 
collects blood from the thorax and ribs. In most of the guineapigs right and left azygos 
veins are present. They open into the cranial vena cava. They carry the deoxygenated 
blood from the dorsal thoracic wall, 


Anterior facial vein 


Posterior facial vein 


Internal jugular vein 
External jugular vein 
Subclavian vein 
Internal mammary vein 
Auricle 
Azygos vein 
Post caval vein 


Phrenic vein 
Diaphragm 


Liver j Hepatic vein 


S I gh 
uprarenal gland Hepatic portal vein 


Kidney 


Renul vein 
Right spermatic vein 
Left spermatic vein 


Lumbar vein Post caval vein 


General iliac vein 
External iliac vein 
Internal iliac vein 


Fig. 2.30 : Venous system of Cavia. 

[b] Caudal vena cava (posterior vena cava or post caval) : The caudal vena cava 
begins after the union of two common iliac veins at the level of the sixth lumbar vertebra. 
It is placed to the right and dorsal to the aorta at its origin; but as it runs anteriorly, it is 
placed a more ventral position. The caudal vena cava passess over the liver and pierces 
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the diaphragm. Within the thorax, it moves through the mediastinum and opens in the 
right auricle through the postero-dorsal aspect of the heart. The external and internal 
iliac veins of the hindlimb of each side join each other to form the common iliac vein. 
They draw the deoxygenated blood from the hindlimb. During the course of the caudal 
vena cava, it receives the lumbar veins, testicular or ovarian veins, renal véins, cranial 
abdominal vein, phrenic veins and hepatic veins from liver. The hepatic veins drain 
deoxygenated blood from liver and pour into the caudal (posterior) vena cava. 

[4] Portal Vein : The vein which is formed from the capillaries and terminates 
again into capillaries in some other organ before entering into the heart is called the 
portal vein. There are two portal veins in toads and frogs such as renal portal vein 
and hepatic portal vein ; but in guineapig as in other mammals only the hepatic 
portal yein is present. The hepatic portal vein is formed by joining with the several 
veins, namely caudal mesenteric vein, cranial or anterior mesenteric vein, 
gastroduodenal vein and splenic vein. The hepatic portal vein enters the liver and forms 
capillaries again. The hepatic portal vein drains the blood from the stomach, intestine, 
pancreas and spleen to the liver In the liver, the capillaries are again united to form the 
hepatic vein which joins with the caudal or posterior vena cava. 


Table 6 : Showing the origin and termination, of main Veins : 


Origin of Veins} Name of Smaller Formation of} Blood Drains 
From larger Vein | From and 
Termination 


Drains from lungs} Oxygenated 
and terminates in 
the left auricle of 
heart. 

Drains from heart | Deoxygena- 
tissue and ted 
terminates in the 
right auricle. 
Internal, 
terminates with 
external jugular 
vein and form 
jugular vein, 
Drains blood from 
forelimb and termi- 
nates with jugular 
vein to form brachi- 
ocephalic vein. 
Terminates in the 
brachiocephalic 
vein. 

Terminates in the 
brachiocephalic 
vein. 


Nature of 
Blood 


Lobes of left 
and right lungs 


Small pulmonary 
veins 


Tissues of heart | Cardiac veins 


Deoxygena- 


Internal jugular 
ted 


vein. 
External jugular 
vein. 


Tissues of brain 


Face and 
associated organ 


Axillary vein 
(previously known 
as subclavian vein) 


Tissues of 
forelimb 


Deoxygena- 
ted 


From vertebral- | Vertebral vein 


column 


Costocervical 
vein 


From neck 
and ribs 
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From Thoracic 
region 


From dorsal 
thoracic wall 


From tissues of 
hindlimb genated 
From lumbar 
region 
From testis or Drain blood from 
ovary testes or ovaries 
and terminate to 
caudal vena cava. 
From kidney Drians blood from 
kidney and 
terminates to 
caudal vena cava, 
By the union of | Hepatic portal Drains blood from 
anterior and vein digestive system 
posterior and terminates in 
mesenteric veins, liver, 
they arise from 
digestive system. 
From liver Hepatic vein Drains blood from | Deoxy- 
capillaries liver and genated 
terminates to 


caudal vena cava. 


2.11.4. LYMPHATIC SYSTEM 


Lymph is a fluid which circulates through the vessels like the blood. So the lymphatic 
system in guineapig is composed of lymph, lymph vessels and lymph nodes. 

[1] Lymph : The blood that comes to the arterial capillaries creates some pressure, 
as a result some amount of fluid filtered out from the blood to the intercellular spaces. 
This fluid forms the tissue fluid. Major part of the tissue fluid is reabsorbed to the 
venous capillaries and a small portion comes to the lymph capillaries by diffusion 
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process. The fluid which is present in the lymph capillaries that circulates in the vessels 
is called lymph. The lymph is a colourless 
fluid that contains small number of white 
blood corpuscles, 

[2] Lymph vessels : These are closed thin 
walled. vessels which are extensively 
distributed as a network throughout the body. 
Lymph. vessels start from lymph capillaries 
which are dilated at the terminal end. The 
blood capillaries and lymph capillaries are 
residing together but without any direct 
connection between them, The lymph 
capillaries unite together to form the lymph 
vessels. Lymph vessels of the intestine absorb 
fatty substances, so the lymph becomes milky. 
Hence these lymph vessels are known as 
lacteal vessels, Subsequently the smaller 
vessels are united to form the bigger vessels. 
Ultimately largest lymphatic vessels are 
formed namely thoracic duct and right 
lymphatic duct. Ducts are running on either 
side of the thoracic aorta and open into the 
subclavian vein of the respective side. These 
rt vessels return the lymph to the blood 
stream. The thoracic duct begins at the 
cysterna chyli which is a dilate lymphatic Fig, 2.31 : Diagrammatic representation of 
vessel. In the guineapig, the cysterna chyli is the lymphatic system of Guineapig. 
totally an intrathoracic duct. 

(3) Lymph nodes: These are placed within the Course of the lymph vessels, Series 
of round, oval or bean-shaped nodules are located on the lymphatic vessels: These 
lymph nodes are fleshy and red-brown to pink in colour, They perform two functions 
(i) as a filter of lymph by trapping the injurious materials in the lymph and (ii) production 
and storage of lymphocytes which act as a defence of the body. 


2.12. Nervous System 

The nervous system of guineapig as in other vertebrates is divided into three major 
groups. These arc- 

ij Central Nervous System 

[2] Peripheral Nervous System 

[3] Autonomic Nervous System 

2.12.1. CENTRAL NERVOUS SYSTEM 

The central nervous system is a hollow tube, the anterior part of which is swelled to 


form the brain and the posterior pan of the tube becomes elongated tó form the spinal 
cord. Hence the central nervous system is composed of brain and spinal cord. The 
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hollow space of the central nervous system is filled up with a fluid known as 
cerebrospinal fluid (C. S. E). 

o Meninges: The coverings of the central nervous system (brain and spinal cord) 
are known as meninges. There are three 
meninges, namely duramater, 
arachnoid and piamater. The outermost 
covering of the meninges, the 
duramater is a thin, translucent and 
<3} Duramater fibrous membrane. Beneath the 
St Subdural space duramater, there is a very thin 
e transparent membrane known as 
arachnoid membrane. The innermost 
layer of the meninges is a single layer 
of cells known as piamaten There is a 
space below the duramater known as 
subdural space and a space below the 
arachnoid is called subarachnoid 
space, Meninges have many functions, 
one of which is the protection of the brain and spinal cord. 

[A] Brain : The brain of guineapig is well developed in comparison to other non- 
mammalian vertebrates. The brain is situated inside the cranial cavity of the skull. 
There is convolution on the upper layer of the brain in guineapig. The approximate 
weight of the brain in adult guineapig (above six months of age) is 4 gm. 


Fig. 2.32 : Diagrammatic representation of the 
meninges of brain of Guineapig. 


Table 7 : The different major parts of the brain are given in the following table 


BRAIN 
| 
L L L 
Prosencephalon Mesencephalon Rhombencephalon 
(Fore-brain) (Mid-brain) (Hind-brain) 
4 
Corpora quadrigemina 
J T L 
Olfactory lobe Cerebrum or Cerebral hemisphere Diencephalon 
+ ‘ J 
Cerebellum Medulla oblongata 
L 
Vermis Lateral lobes with flocculus 


[1] Prosencephalon : This is the anterior part of the brain which is composed of 
olfactory lobe, cerebral hemispheres and diencephalon. The olfactory lobes and cerebral 
hemispheres are together known as telencephalon. 

{a] Olfactory lobe : On the anterior most part of the prosencephalon there is a pair 
of small club-shaped structure known as olfactory lobe. 
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[b] Cerebral hemisphere (cerebrum) : Behind the olfactory lobes there is a pair 


of cerebral hemispheres that are 
placed side by side. This portion of 
the brain is so well developed that 
the cerebral hemispheres cover the 
diencephalon’ as well as 
mesencephalon. It occupies the two- 
third portion of the brain. Externally 
the two hemispheres are separated 
by a longitudinal groove which is 
known as median fissure. There is a 
sylvian fissure on the lateral side of 
each cerebral hemisphere. This 
groove makes separation into 


anterior and posterior parts. The 


anterior part is subdivided into 
frontal and parietal lobes and the 
posterior part is subdivided into 
temporal and occipital lobes, i.e., 
each hemisphere is subdivided by 
fissures into four lobes. The roof of 
the cerebrum is known as 


Olfactory lobe 


cata C 
y 


Fig. 2.33 : Brain of Guineapig (Dorsal view). 


neopallium. The neopallium is very thick and is divided into cortex and medulla, The 
cortex is made up of millions of neurones and this is named as grey matter. The medulla 
which is situated below the cortex is made up of medullated nerve fibres. The two 
hemispheres are connected by a transverse band of nerve fibres known as corpus 
callosum. The ventro-lateral wall is thick ; the anterior part of which is known as 


oblongata 
Cerebellum 


Spinal cord 


Fig. 2.34: Brain of Guineapig (Ventral view). 


2253—35 


corpus striantum and the posterior 
part is called hippocampus. The 
corpora striata of the two cerebral 
hemispheres are connected by 
anterior commissure and the two 
hippocampus are connected by a 
median hippocampal commissure. 

[c] Diencephalon : This 
portion is covered by the cerebral 
hemispheres. The floor of the 
diencephalon is known as 
hypothalamus. The ventral 
outgrowth of the hypothalamic 
region is called the infundibulum. 
The terminal end of the 
infundibulum bears pituitary gland. 
In front of the infundibulum there 
is a X shaped structure known as 
optic chiasma. It is formed due to 
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decussetion of two optic nerves. In addition, there is a pair of small round bodies posterior 
to pituitary known as mammillary bodies. The roof of the diencephalon bears an 
outgrowth known as epiphysis or pineal body. Anterior to the pineal body there is a 
plexus of blood vessels known as anterior choroid plexus. 

[2] Mesencephalon : This is the middle part of the brain and so commonly known 
as mid-brain. This small portion is composed of four optic lobes or corpora 
quadrigemina. On the ventral side of the mesencephalon there is a band of nerve fibres 
known as crura cerebri. 

[3] Rhombencephalon : This is the last part of the brain, hence commonly known 
as hind-brain, The hind brain is composed of cerebellum and medulla oblongata. 

[a] Cerebellum : Behind the mesencephalon, the cerebellum is situated in the brain, 
ie., cerebellum is the anterior part of the rhombencephalon. Cerebellum is well developed 
and folded, It is divided into a median portion known as vermis and two lateral lobes. 
Each lateral lobe is provided with a small terminal lobe known as flocculus. Two halves 
of the cerebellum are connected ventrally by a broad band known as pons varolli. 

[b] Medulla oblongata : Behind the cerebellum the last part of the brain is the 
medulla oblongata. Its anterior part is broad and gradually tapers posteriorly to join 
with the spinal cord. Medulla oblongata bears a plexus of blood vessels on its dorsal 
surface. This plexus of blood vessels is called posterior choroid plexus. 

© Cavities in brain: 

In guineapig, as in other vertebrates the brain consists of certain cavities and those 
cavities in brain are known as ventricles. There are four ventricles in the brain. Two 
lateral ventricles are present in the 
cerebral hemispheres. They are known 
as first and second ventricles. The 

ventricle in the diencephalon is the third 
ventricle. The first and second ventricles 
of the cerebral hemispheres are 
communicated with the third ventricle 
of the diencephalon by a narrow 
3 transverse slit known as foramen of 
f of sylvius) vs 
t 2 RSH ventricle Monro. The cavity of the medulla 

oblongata is the fourth ventricle. The 

third ventricle is connected with the 

Fig. 2.35 : Vertical section of brain of Guineapig fourth ventricle by a narrow slit known 

showing the brain ventricles. as aqueduct of sylvius or iter. The 

fourth ventricle in the medulla oblongata is connected behind with the central canal of 
the spinal cord. The ventricles are filled up with the cerebrospinal fluid (C. S. F). 

[B] Spinal cord : The spinal cord is the continuation of the caudal end of medulla 
oblongata at the level of the foramen magnum of the skull and it runs posteriorly through 
the neural canal of the vertebral column. This flattened cylindrical structure ends at the 
lavel of the last lumbar vertebra and its length in adult guineapig varies from 18 to 24 
cm. The cavity of the spinal cord which is also filled up with the cerebrospinal fluid is 
known as neurocoel. The terminal part of the spinal cord becomes a cone-like structure 
which is called conus terminalis. The piamater continues as a specialised strand of 
connective tissue behind the conus terminalis known as filum terminale which anchors 


Serebrum— . 
(Fore-brain) a 


Lateral 
ventricle 


— ij 
( * Jk 

Medulla N 
oblongata duc N 
(Hind-brain) \ 


* 


GUINEAPIG (Cavia porcellus) 547 


the spinal cord to the sacral vertebrae. 

@ Functions of the different parts of brain: 

[1] Olfactory lobes : Lobes are the centre of smell. 

[2] Cerebral hemispheres : These are the centres of memory and intelligence. 
They are also controlling the vision and hearing. 

They are also controlling the movement of the voluntary muscles. 

[3] Diencephalon : It controls the metabolism and reproductive function. 

[4] Corpora quadrigemina : Anterior two optic lobes control the vision of the 
animal and posterior two lobes are the centres of hearing. 

[5] Cerebellum : It controls the maintenance 
of balance of the body. 

[6] Medulla oblongata : It controls the 
various physiological functions of the body, 
namely respiratory, metabolism, heart beat. 

© Functions of spinal cord: 

Spinal cord mainly controls the different 
types of reflex actions. 


2.12.2. PERIPHERAL -NERVOUS 
SYSTEM 


The peripheral nervous system consists of 
nerves that are given out from the brain and 
spinal cord, i.e., from central nervous system. 
The nerves which are coming out from the brain 
are collectively known as cranial nerves and 
the nerves from the spinal cord are called spinal 
nerves. So the peripheral nervous system 
includes the two types of nerves. Majority of 
the peripheral nerves contain fibres that carry 
both the afferent as well as efferent impulses, 
ie., nerve that function both as sensory and 
motor is known as mixed nerve. In contrast, 
some of the cranial nerves are exclusively either Fig. 2.36 : Diagrammatic representation 
motor or sensory in nature. of the spinal cord inside the vertebral 

[a] Cranial nerves : In guineapig, there are column of Guineapig. 
twelve pairs of cranial nerves and they pass to 
the periphery through the apertures of the skull. By convention, the twelve pairs of 
cranial nerves are described as arising from the brain. The origin, distribution and 
functions of the cranial nerves are given in the following table. 


Ho 10 
zi 7. terminale 


D Caudal 


vertebrae 


Table 8 : Cranial nerves are given in the following table : 
Origin Distribution 
Olfactory | Mucous membra- 
lobe. ne of nose. 
Optic lobe. | Retina of eye. 


Functions 
Smell 


Name of nerve | Nature 


1. Olfactory 


Sensory 


2. Optic Sensory 
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[Nature | Origin. | Distribution 


Ventral side | Muscles of eye- 
of mesence- | ball, ciliary muscle 
phalon. und pupil. 


Functions 
Movement of 
eyeball and con- 
traction of pupil 


Name of nerve 


3. Oculomotor 


4, Trochlear Dorsal side | Superior oblique Movement of 
of mesence - muscle (5th) of eyeball. 
phalon. the eyeball. 
5. Trigeminal Lateral side | Three branches of | Controls the 
of medulla. | trigeminal supply | sensitivity of ' 
oblongata. | eyelids, face, upper} face and moves 
and lower jaws: ment of masti- 
cated muscles. 
6. Abducens Ventral side |. External rectus Lateral mover, 
of medulla | muscle (6th) of ment of eyeball, 
oblongata. | eyeball. i 
7. Facial Lateral side | It distributes to Taste, moye- i 
of medulla | the palate, tympa- | ment of lower 
oblongata | num, lower jaw, | jaw and saliva 
behind the | salivary gland. secretion. a 
Sth nerve. i 
8. Auditory Lateral side | Distributes to Hearing and 
of medulla- | internal ear. maintain 
oblongata. balance. 
9. Glosso- Lateral side | Tongue and floor, | Taste, move- 1 
pharyngeal of medulla | of buccal cavity, -| ment of tongue 
oblongata. and pharyn k. 
10. Vagus Lateral side | Larynx, pharynx, It controls the 
of medulla | lung, heart and heart beat, res- 
oblongata. | stomach, piratory moves: 
ment, peristalsis 
of the stomach 
and alimentary. 
canal, i 
II. Spinal Muscles of the Movement of 
accessory neck, 


neck, pharynx 
and larynx, 
Movement of 
tongue. 


12. Hypoglossal | Motor Muscles of 


i 
the muscles of » : 
tongue. 


4 

[b] Spinal nerves : The spinal nerves are a series of nerves that arise from the 
spinal cord. Altogether there are thirty two pairs of nerves. Each nerve comes out 
through the intervertebral foramen of the vertebral column. Each spinal nerve arises by 
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two roots ; dorsal root is sensory and ventral root is motor, So the each spinal nerve is 
formed by the union of sensory and motor nerves. Hence all the spinal nerves are 
mixed in nature, The last four cervical nerves and the first thoracic nerve unite at the 
neck region to form a complex net-like structure known as brachial plexus. The nerves 
from the brachial plexus innervate the forelimb, On each side, fourth, fifth and sixth 
cervical nerves unite to give rise the phrenic nerve that innervates the muscles of the 
diaphragm, The last two lumbar nerves and the sacral neryes unite to form a plexus 
which is known as sciatic plexus, Nerves from this plexus supply the hindlimb, The 
functions of the various organs of the body are controlled by the cranial and spinal 
nerves. 


2.12.3. AUTONOMIC NERVOUS SYSTEM 

Autonomic or inyoluntary nervous system consists of chain of ganglionated 
sympathetic nerve cords which are situated one on either side of the descending aorta 
(dorsal aorta). Autonomic nervous system is controlling the activities of the heart, lungs, 
peristaltic movement of the gastrointestinal tract, blood vessels, urinogenital system 
and the, smooth muscles of the body, 

@ SENSE ORGANS : 

Various types of receptors are present in the body of guineapig and they receive the 
different kinds of stimuli. The stimuli like touch, pain and temperature on skin are 
received by either free nerve endings or encapsulated corpuscles. These receptors are 
distributed in the superficial layer of skin. There are some specialised cells which remain 
in the papillae on the surface of the tongue. These sensory papillae on the tongue are 
known as taste buds. Taste of the food is determined by these taste buds, In the mucous 
membrane of nose, there are receptors which perceive the smell of the substance, To 
receive the stimuli like light and sound, there are some specialised receptor organs and 
these organs are eyes and ears. 


2.12.4. THE EYES (SENSE ORGAN FOR VISION) 


In guineapig, as in other vertebrates there are two eyeballs, each of them is placed 
in the bony eye-socket of the skull, In addition to the eyeball, there are other accessory 


Fig. 2.37 : Diagram showing the eyeball inside the socket of the skull of Guineapig. 
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orbital structures in the bony sockets. These are external ocular muscles, eyelids, 
lacrimal glands, versels and nerves. The external ocular muscles are striated muscles 
and consist of four rectus muscles, as well as two oblique muscles Which are known as 
the retractor bulbi and the levator palpebrae. These museles help in the attachment 
of the eyeball inside the bony socket as well as in the movement of eyeball. The eyeball 
is covered by moveable upper and lower eyelids. The eyelids are acting ax a protecting 
layer of the eye. The eyelids are bound by skin externally und by conjunctiva internally, 
‘The skin and conjunctiva meet at the eyelid margins. Pine hairs are present on the free 
margin of the upper and lower eyelids. On the free margin of the eyelids there are tiny 
glands known as meibomian glands, These glands secrete sebaceous material on the 
lid margins. In guineapig, there is a lacrimal gland op the upper side of each eyeball, 
The fluid-like secretion of the lacrimal gland is known as tear. The fear is used for 
lubricating and cleaning the eyeball. The eye and orbit derive their blood supply from 
the branches both from the external carotid artery as well as internal carotid artery. 
‘There are five cranial nerves that innervate the eye. These are 2nd. to 6th. cranial 
nerves. The second or optic nerve terminates at the optic dise. Oculomotor nerve (third 
cranial nerve) supply to the muscles of eyeball. Trochlear nerve (4th) also supply to the 
muscles of eyeball, Trigeminal nerve (Sth) supplies sensory nerve 10 uhr und lower 
eee 
| @ EYEBALL ou 


hi a peut rae Gagne Tai pacer pad e ioa of 
eye is same In guineapig as in other vertebrate animals. The eye is Composed of three 
coats, namely selera (Selerotic coat), chorold and retina. The outer sclera is protective, 
middle chorotid is vascular and the inner retina is sensory. 

III Selera (Sclerotic coat) : This i an outermost white layer of the eyeball, It it 
composed of tough fibrous tissue and 
protects the contents of the eye. The 
external ocular muscles are attached 
with the sclera. The opaque sclera 
becomes transparent on the anterior end 
Of the eyeball and this transparent 
amooth anterior portion is known as 
cornea which provides the access of 
ight to its interior The junction between 

i sclera and cornea is known as 


Fig. 238 : Bye of Oninenplg (Vasica, (2) Chorold ? This is a deeply 
pigmented membrane that lines internal to the sclera. This black choroid layer never 
allows the light to penetrate it. The anterior continuation of the choroid from the equator 
of the eye becomes thick that forms the ciliary body, The ciliary body contains the 
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ciliary muscle which ix poor in guineapig. Ciliary body is provided with suspensory 
ligament which holds the lens in position The ciliary body is continuous with the base 
of the iris which is free in the anterior chamber. [ris forms g clecular dise which separates 
the anterior from the posterior chamber of the eye and acts as a diaphragm in vision. 
It has a round central aperture known as pupil, The size of the pupil is controlled by 
the muscles of the iris and ciliary body. The light enters more through the pupil when 
the size of the pupil increases by the contraction of the dilator muscle of the ciliary 
body and less amount of light enters through the pupil when the size of the pupil 


© Contents of the eyeball : 

[i] Lens + It is a transparent sphere which is slightly Mattened in antero-posterior 
direction. The lens is suspended by suspensory ligament of ciliary body and is placed 
just behind the iris, 

[ii] Aqueous humour z It is a clear watery fluid that fills the anterior and posterior 
chambers. The anterior chamber is enclosed by the cornea and iris and the posterior 
chamber is enclosed between the iris and the lens. , 

[iii] Vitreous humour : It is transparent jelly-like substance, This substance occupies 
in the vitreous chamber which is a space posterior to the lens and anterior to the retina 
No blood vessels penetrate the vitreous humour. a 3 

© Mechanism of Vision : Guincapig when places its eyes to a certain object then 
the incoming rays of that object penetrates the comea of the eyes. The rays then come 
to the lens through the pupil and ultimately come to the retina through the transparent 
lens. An inverted image is formed in the light-sensative cells of the retina and carried 
by the optic nerve to the centre of vision in brain where the inverted Image becomes 
normal in the vision. 


2.12.5. THE EAR (SENSE ORGAN FOR HEARING) 


The car is divided into shree major parts, namely external ear, middle ear and 
internal ear. k . z 

[a] External ear : External car consists of pinna and an external auditory meatus. 
On each side of the head there 
is an extended part known as 
pinna which is movable in 
guineapig. At the central region 
of pinna there is a canal which 
is called external auditory 
meatus. At the inner end of the 
external auditory meatus, there 
is a membrane which is known 
as tympanic membrane 
commonly known as eardrum. 


Fig. 2.29 | Diagrammatic view of the ext of Guinospig 
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The pinna receives the sound waves and transmits the sound waves inside the ear 
through the auditory meatus. 


[b] Middle ear : The middle ear is separated from the external ear by a tympanic 
membrane or tympanum. The middle ear is enclosed inside the tympanic bulla of the 
skull. The middle ear is connected with the pharynx by a canal which is known as 
eustachian tube. The cavity of the middle ear consists of three ear ossicles, such as 
malleus, incus and stapes. These three small bones are articulated one after the another ; 
elongated malleus is attached with the tympanic membrane and triangular ring-like 
stapes is attached with the opening of the internal ear. This opening of the internal ear 
is called fenestra ovalis. The incus is articulated between the malleus and stapes. The 
ear ossicles conduct the sound waves from the vibrating tympanic membrane to the 
internal ear. The eustachian tube maintains the equilibrium of atmospheric air pressure 
on the both sides of the tympanum. 


[c] Internal ear : The internal ear consists of a membranous labyrinth which is 
enclosed by a bony labyrinth. The bony labyrinth is filled up with a fluid known as 
perilymph and the membranous labyrinth filled up with an another fluid known as 
endolymph. The membranous labyrinth consists of sacculus, utriculus, semicircular 
canal and cochlea, Three semicircular canals are connected with their bases to the 
utriculus which in turn connected with the sacculus. The sacculus is connected with 
the cochlea which is a spirally coiled structure. Inside the cochlea there is an Organ of 
corti. The organ of corti contains special receptor cells for sound waves. 


Functions of ear: There are two important functions, such as hearing and 
maintenance of balance. 


[1] As hearing apparatus : The sound creates wave in the air. These sound waves 
first strike the pinna of the external ear and then the waves move inside the auditory 
meatus ; as a result, the tympanum vibrates. This vibration is transmitted through the 
three ossicles of the middle ear and enters to the internal ear. The receptor cells of the 
organ of corti receive the sound waves which are transmitted through the auditory 
nerve (eight cranial nerve) and ultimately comes to the hearing centre of brain where it 
transforms into sound. Thus the organ of corti of the internal ear actually acts as a 
hearing apparatus. 


[2] As a balancing organ: Semicircular canals bear ampulla at their bases. Ampulla 
contains sensory receptors. When the guineapig changes its position to one side, the 
more endolymph flows to the semicircular canal to that direction and stimulated the 
sensory receptors of the ampulla. This stimulation is then carried by the auditory nerve 
to the brain centre. Now the guineapig becomes altert about the changed position and 
thus help to maintain the correct posture. Hence the semicircular canals along with the 
utriculus and sacculus act as a balancing organ. 


2.13. Endocrine System 


The glands which have no ducts of its own are called endocrine glands and their 
secretions are known as hormones. All such glands are collectively form the endocrine 
system. Hormones directly enter into the blood stream and act on the target organ. 
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These hormones are acting as a chemical co-ordinator within the body. Hence the 
nervous system and endocrine system both are controlling the functions of the different 
systems in the body of guineapig as in other vertebrates. The endocrine glands are : 
pituitary, thyroid, parathyroid, thymus, adrenal, islets of Langerhans and gonads. 
The pancreas and gonads (testis and ovary), in addition to the endocrine function they 
are also acting as an exocrine function, i.e., they are treated as mixed organ. The short 
account of thosé organs is given here. 


[1] Pituitary gland: This gland is situated on the ventral side of diencephalon of 
the brain and attached at the terminal end of the hypophysis. This gland is most important 
among all the endocrine glands. Many hormones are secreted both from the anterior 
and the posterior lobes of the pituitary gland. Those hormones are not only controlling 
the different functions of the body but also controlling the function of other endocrine 
glands. 

[2] Thyroid gland: This bilobed gland is situated beneath the thyroid cartilage of 
larynx, Thyroid gland secretes an iodine containing hormone which is known as 
thyroxine. This hormone controls the growth of the animal. 


[3] Parathyroid glands : Two or three parathyroid glands are situated in close 
association with the thyroid gland. The parathormone secreted from the parathyroid 
controls the metabolism of calcium and phosphorus ; consequently controls the bone 
formation. 

[4] Thymus gland : The thymus gland is a soft pinkish body. It is situated in the 
thoracic cavity near the base of the aorta. The gland is large in the young stage of 
guineapig but this large gland gradually diminishes with age. The secretion of this 
gland retards the premature sexual maturity. 

[5] Adrenal glands : The paired, oval and yellowish adrenal glands are situated at 
the upper poles of each kidney. So this is also known as suprarenal gland. Each gland 
is distinctly divided into two zones, the outer cortex and the inner medulla. Many 
hormones are secreted from the adrenal gland. These hormones influence the different 
metabolic activities of the body. 

[6] Islets of Langerhans : Microscopic patches of cells that are present inside the 
pancreas are known as islets of Langerhans, These patches of cells secrete two 
hormones namely insulin and glucagon. Insulin controls the saugar level in blood. 

[7] Gonads : Testes and ovaries are the gonads. They secrete sex hormones. These 
hormones control the reproductive development as well as development of secondary 
sex characters, 


2.14. Excretory System 

The excretory system consists of kidney, ureters, urinary bladder and urethra. 
The kidneys are regarded as primary excretory organ which produce the urine. Others 
namely ureters, urinary bladder and urethra are known as accessory excretory organs. 
The ureters transmit the urine from kidney to the urinary bladder where the urine is 
stored temporarily and the urethra discharges the urine to the outside of the body. 
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[1] Kidneys : The metanephric kidneys are paired organs and they are smooth, red- 
brown and bean-shaped organ. They are situated on either side of the dorsal midline in 


Pelvis 


Kidney Capsule 


Urinary bladder 


Renal pyramid 


Ureter 


Urinogenital pore 


Fig. 2.40 : Urinary system of Cavia : (a) Urinary system, (b) Kidney. 

the upper portion of the abdominal cavity. In guineapig, each kidney is 18-21 mm long 
and 12-14 mm in diameter. The right kidney is situated a little above than the left 
kidney, Each bean-shaped kidney has a notch on its inner side and this notch is called 
hilus through which the blood vessels and ureter enter or leave the kidney. Internally 
the kidney presents two regions namely the cortex and the medulla. The cortex is the 
outer part of granular red-brown tissue and the inner pyramid-shaped striated part is 
the medulla which terminates at the renal pelvis. Each kidney is made up of a large 
number of nephrons. 

[2] Ureters : They are paired ducts ; they run between the kidneys and the urinary 
bladder. The average length of each ureter is 80 mm.The ureter emerges from the 
hilus of the kidney and runs posteriorly and opens into the urinary bladder. 


[3] Urinary bladder: The urinary bladder is a thin-walled elongated sac. It is 
situated at the posterior most part of the abdominal cavity. The internal wall of the 
bladder is ridged with delicate folds. The bladder posteriorly opens to the urethra. 


[4] Urethra ; In female guineapig the urethra is short and is about 25 mm long ; it 
is a straight canal and opens directly to the outside through an aperture known as 
urinary aperture. The urethra transmits only the urine in female. In male guineapig, 
the urethra is about 33 to 55 mm long and follows the S-shaped curve of the penis and 
opens externally at the tip of the penis. It is a common passage for urinary and genital 
systems in male. 


GUINEAPIG (Cavia porcellus) 555 


Distal convoluted j 
tubule 


Proximal 
convoluted 


Fig. 2.41 : Nephron structure of Cavia. 


2.15. Reproductive System 


In guineapig, as in other vertebrates the male and female reproductive systems are 
placed in the separated body. Hence they are unisexual animal, i.e., sexes are separate. 
But their secondary sexual characters are not very prominent, so externally male and 
female guineapig cannot be distinguished. The male and female reproductive systems 


are described separately. 


2.18.1. MALE REPRODUCTIVE SYSTEM 


The male reproductive system in guineapig consists of the following organs, namely 
testis, epididymis, vas deferens, spermatic cord, urethra, penis and aceessory genital 
glands. 

[a] Testis : In male, the primary reproductive organ is the testis. In the immature 
young guineapig, the two testes lie in the abdominal cavity. But in the adult matured 
guineapig, the paired testes descend down in the scrotal pouches. Two scrotal pouches 
are the special fold of skin and they are extra-abdominal ; they lie at the root of the 
penis. Each scrotal pouch contains a testis. Each cavity of the scrotal pouches 
communicates with the abdominal cavity through a passage known as inguinal canal. 
Through this inguinal canal blood vessels and nerves pass on from abdomen. to the 
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testes. Testis is attached within the scrotal pouch by a thick stubby fibrous ligament 
known as gubernaculum, The testes is oval, pale pink-red in colour and about 25mm 
long and 15mm wide. 

© Function : Testes produce sperms. 

[b] Epididymis : Each testis gives rise to numerous fine tubes which form together 
a lump around the testis known as epididymis, The epididymis is a much convoluted 
tube that divides into three regions, namely head, body and tail. The ventral tail part of 
epididymis continues into vas deferens. R 

© Function :The epididymis either stores sperms for ejaculation and/or help in the 
maturation of sperms. 

[c] Vas deferens : The tail part of the epididymis is drawn to a straight tube as vas 
deferens that runs anteriorly through the inguinal canal into the abdominal cavity and 
ultimately opens to the ure Huch uus deferens (plural: vasa deferentia) is about 40 
to 60 mm long. 

[d] Spermatic cord: Ihe spermatic cord begins at the inguinal canal and terminates 
within the scrotal pouch. The vas deferens with the mesentry, the blood vessels and 
nerves all these structures are enclosed together by loose fibrous tissue that is known 
as spermatic cord. 

[e] Male Urethra : The male urethra is a long passage that transports the seminal 
fluid as well as urine. Itruns through the penis. So it is a common passage both for the 
reproductive as well as excretory systems. 

[f] Penis: It is the male copulatory organ. In gineapig, the penis is about 45 to 50 

mm long and 4 to 6 mm in diameter. The penis 
consists of body and a glans. There is a fold 
of loose skin that attaches to the penis at the 
junction of the body and glans known as 
prepuce. Normally the glans remains within 
the prepuce ; during erection of penis, the 
prepuce everts and covers only the extended 
part of the body. The body of penis is 
composed of three highly erectile 
vascularised spongy tissue layers. Two dorsal 
layers are known as corpora-cayernosa and 
one ventral layer is called corpus- 
spongiosum which contains the urethra; The 
terminal part of the penis is called glans 
which is formed only by the terminal end of 
the corpus spongiosum. The glans is 
cylindrical and ends in a rounded tip. The 
heterotopic skeleton, the os penis is present 
on the dorsal surface of the glans: The os 
penis is considered to be the ossified terminal portion of the corpora cavernosa. 

© Function : During copulation, the semen is transferred to the female genital 
tract through the penis. 

[g] Accessory genital glands : The glands which are helping in the reproductive 
process are known as accessory genital glands. In male guineapig, the following 
accessory genital glands are present, namely seminal vesicle, coagulating gland, 
prostate gland and the bulbourethral gland. In addition to the above gland, there is a 


Fig. 2.42: Male Reproductive system 
of Cavia. 
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structure known as uterus masculinus which is regarded as a homologous to the uterus 
in female. It is a flat bilobed hollow organ with a central body and this central body 
opens into the urethra, 

(i) Seminal vesicles : Two seminal vesicles are present on the dorsal to the urinary 
bladder and they are the largest of the accessory glands. Seminal vesicles are cylindrical, 
elongate and translucent tubes; the free ends of which are bifid or sacculated, Two 
seminal vesicles converge medially and open to the urethra by two separate ducts, The 
lumen of the seminal vesicles are filled up with the milky white fluid. 

[ii] Coagulating glands : Two coagulating glands are pyramidal, lobulated and 
soft-organs. They are in close proximity to the seminal vesicles, Each gland has a 
single duct that opens to the urethra. 

© Function : The secretion of the coagulating glands, coagulates the secretion of 
the seminal vesicle and produces the vaginal plug. 

[iii] Prostate gland + At the base of the urethra there is a compact gland known as 
prostate gland. The gland consists of two pairs of lobes. The ducts from each lobe 
open to the urethra. 10 

© Function ; The gland produces a fluid which helps the spermatozoa in movement. 

[iv] Bulbourethral glands : These are paired glands, Each gland is small but 
lobulated and oval in shape. The gland is connected to the urethra by a single duct. 


2.15.2. FEMALE REPRODUCTIVE SYSTEM 


The female reproductive system consists of ovary, oviduct, uterus, vagina and 
vulva, Mammary glands are considered as a part of the female reproductive system as 
the glands are functionally associated with this system, Two mammary glands which 
are located on the lateral aspect of the posterior part of the abdomen, become well 
developed during pregnancy and secrete milk after parturition, 

[a] Ovaries : Two ovaries are the primary organ in the female reproductive system, 
They are oval yellow-white but dorso-ventrally 
flattened. Each ovary lies at the posterior end of 
the kidney and is attached to the dorsal body wall 
by a fold of peritoneum known as mesovarium, 
During ovulatory period, the surface of the ovary 
becomes nodular due to protruding of mature 
follicles. Ovaries produce the ova or eggs, 

[b] Oviducts : Two narrow oviducts 
(fallopian tube) are placed mainly on the dorso- 
lateral regions of the ovaries. The oviduct is 50 
to 60 mm long and one mm in diameter. Each 
oviduct consists of three regions, such as 
infundibulum, ostium and tubal portion, The 
funnel-like triangular expansion of the cranial 
part of oviduct is known as infundibulum, The 
infundibulum is provided with irregular ventral 
projections and these projections are called 
fimbriae. The small opening of the infundibulum 
that leads to the oviduct is known as ostium. The Fig. 2.43 : Female reproductive system 
next highly coiled thin tube of the oviduct that of Cavia. 
lies lateral to the ovary is called tubal portion. 

This tubal portion of the oviduct continues into the uterine horn. 
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le] Uterus: The uterus is the bicornuate V shaped elongated organ. It extends 
from the oviduct and continues posteriorly to the vagina. The uterus consists of two 
horns, a body and a cervix, The two horns converge in the midline to form the uterine 
body. The uterine body extends ventrally upto the cervix. Internal to the uterine body 
there is a medium thick muscular septum which is known as an uterine velum, The 
cervix internally contains many fine longitudinal folds and it opens into the vagina. 

ld] Vagina + It is a canal of 30 to 40 mm long and it extends between the cervix and 
external vulva. it is a dorsoventrally flattened organ and internally many longitudinal 
ridges are present. 

le] Vulva : The external genitalia is called the vulva. The vulva includes the 
following structures, namely clitoris, vaginal orifice and the labia. The clitoris is a 
homologous organ of the male penis and the clitoris is situated above the U-shaped 
vaginal orifice. A pair of thick folds of skin lie lateral to the vaginal orifice and these 
folds are called labia. Labia are homologous to the male scrotum. 


2.16. Breeding and Development 

During the breeding season, the male copulates with the female guineapig and 
discharges numerous sperms within the vaginal canal of the female guineapig. A few 
minutes after copulation, a vaginal copulation plug is formed by the fluids secreted 
by the seminal vesicles, coagulating gland and prostate of male guineapig during 
ej . This vaginal plug prevents the outflow of sperms. Few days after copulation, 
this plug is eee the vagina, Mature eggs or ova in the Graafian follicle of the 
ovary are transferred to the fallopian tube through the ostium of the infundibulum and 
this process is known as ovulation. The ova wait in the fallopian tube for few days. 
‘The sperms which are ejaculated in the vaginal canal enter the uterus and then to the 
fallopian tube, Here the sperm unites with the ovum and the internal fertilization takes 
place. The fertilized ovum moves along the posterior part of the oviduct and enters the 
uterus where the implantation takes place. Gradually the embryo develops and a placenta 
is formed. The placenta is a structure which is formed by the contribution of both 
uterine wall of mother as well as the embryonic tissue. The placenta helps the developing 
embryo in nutrition, excretion and other physiologial exchanges, Development of the 
embryo continues for ten weeks and this ten weeks is called. the gestation period in 
guineapig. At the end of gestation, 2-3 young ones are born, It is note worthy that 
guineapigs are born with a full coat of hair. These immature young suck the milk of the 
mother for few days, Generally between 8 to 10 weeks, guineapig attains maturity. 


2.17. Some Important Comparisons 
[A] Distinguish between Ileum and Illum: 


-Itis a coiled tube of the last portion of | I. It is a blade like bony structure of the 
the small intestine, pelvic girdle. 
2. It opens in the large intestine of the |2. This structure participates in the 
vertebrates. formation of pelvic girdle or half of 
the pelvic girdle (os-innominatum) of 
vertebrates. 


the 
3. Example : Alimentary canal of f3. Example: Pelvic girdle of Guineapig. 
Guineapig. 


It is composed of three transparent 
cusps. 
It is situated at the right auriculo-ven- 


* It is sittiated at the left auriculo ventri- 2. 


It is composed of strands of muscles 
(fibres) extending from the inner wall 
of ventricles which are connecting the 
auriculo-ventricular valves with the 


I is a set of strong muscles which are | T. 
arranged in the form of transverse 
grooves or ridges in the inner wall of 

the ventricle. i 


ý ventricle, 
Example Heart of guineapig. 2. Example Heart of guincapig, 
[D] Distinguish between Epiphysis and Hypophysis : 


„It is a small outgrowth from the dorsal | 1. It is an outgrowth from the ventral 
region of the diencephalon in the fore Ra aaa 
brain. in. 


. Example Bruin of guineapig. 


Tris a band of nerve fibres which inter- 
nally connects the two cerebral hemi- 


spheres. 
2. Example Brain of guineapig. 


It is a thick ventral region of the] 1. 


Hollow muscular chambers of the } 1, Cavities in the brain are known as ven- 
d heart are known as ventricles, tricles. r 
2. Two ventricles are situated on the |2. There are four ventricles in the brain. 

P lower end of the mammalian heart of ist and 2nd ventricles are situated one 

which one on the left and another on on each side of the cerebral 

the right side. hemispheres ; the 3rd ventricle is in 

the diencephalon and the 4th ventricle 

is situated inside the medulla 
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The two ventricles are completely] J. The four ventricles of the brain are 
separated by an interventricular inter-connected by foramen of Monro 
septum. and aqueduct of sylvius (iter). The 4th 
ventricle is connected with the cavity 
of the spinal cord. 
4. The blood is Mowing through the] 4, The cerebrospinal fluid (CSF) is 
ventricles, flowing inside the ventricles of the 
drain 


[G] Distinguish between Ureter and Uterus : 


. It is a slender urinary duct or the tube f I. It is a last wide part of the oviduct or 
which originates from kidney and fallopian tube of the female 
opens in the urinary bladder. reproductive system. 

2. Due tia fjola kkiasy 2. Theembryo is developed in the uterus. 
to the bladder. à iis 


It is a blood vessel which carries blood Tt is a blood vessel which carries blood 
away from the heart to the different towards the heart from the different 
of the 0 


[1) Distinguish among Foramen —.— Foramen ovale and Foramen 
magnum: 


Ine first and second ventri- | There is an oval aperture in 
cles of the brain are connec-| the interauricular septum in 
ted with the third ventricle | the heart of a mammalian 
by a slit-like aperture which | embryo known as foramen 
is known as foramen of ` 


A which is 
situated atthe posterior 
end of the skull is known 
as foramen magnum. 


2.18. Matters to Recollect 


E The scientific name of guincapig is Cavia porcellus and sexes are separated. 

EF Average weight varies from 700 gm to 1 kg. 600 gm and average length varies 
from 28 cm to 32 cm. 

EF In the head region near the snout there are vibrassae and philtrum. Two movable 
pinna are present which are situated on either side of the head. 

© Forelimb and hindlimb are provided with four and three toes respectively. There 
is no tail. 

EF The teeth of guineapig are thecodont, heterodont and diphyodont type. Total 
number of teeth are twenty. Canine is absent and there is diastema. 


GUINEAPIG (Conse poropilua) sói 
The palate is divided into hard and soft palate. The anterior part is the hard palate 


-and the posterior part is the soft palate. 
‘The stomach of giineapig is divided into four regions, such ascardia, fundus. 


cricoid Cartilage and two arytenoid é * i “ 
| The left lung has three lobes and the right lung has four lobes. Bach lung is covered 


by pleura. 

r Blood is a Muid connective tissue. Bach erythrocyte is round and biconcave without 
any nucleus. It contains haemoglobin, Various types of leucocytes are 
with nucleus. Thrombocytes are non-nucleated. ` 

Er Heart is covered with pericardium. The heart is placed in the mediastinum. The 
heart consists of two auricles and (wo ventricles, In the right auricular face of the 
interauricular septum, there is a fossa ovalis. Inside the heart there are four valves, 
such as tricuspid valve, mitral valve, aortic valve and pulmonary valve. The 
contraction of heart is known as systole and relaxation of heart is known as diastole, 
In guincapig, there is a left aortic arch. t ‘ 

EF Brain in guineapig is covered with three meninges, such as duramater, arachnoid 
and piamater. The average weight of brain is 4 gm. The cerebrum is well developed 
and it occupies two-third portion of the brain, Bach cerebrum is subdivided into 
four lobes, The roof of the cerebrum is known as neopallium which is divided 
into cortex and medulla. Inside the brain there are four ventricles, 

= The length of the spinal cord in guineapig varies from 18 to 24 cm. The cavity is 

i known as neurocoel, The spinal cord is attached to the sacral vertebrae by filum 
terminale. The ventricles and neurocoe! of brain and spinal cord respectively are 
filled up with a fluid known as cerebro-spinal fluid. 

x 12 pairs of cranial nerves are coming out from the brain throagh the apertures of 
skull. 32 pairs of spinal nerves are coming out from spinal cord. 

= The metanephric kidneys are bean-shaped structures. They are red-brown in colour. 

} They are situated in the upper portion of the abdominal cavity. In guinewpig, each 
kidney is 18-21 mm long. 
In the adult male guineapig, two testes are placed in the extra abdominal scrotal 
pouches, Scrotal pouches communicated with the abdominal cavity by inguinal 
canal. The testis is attached with the scrotal pouch by gubernaculum. The penis is 
about 45 to 50 mm long and 4 to 6 mm in diameter: Penis is made up of three 
layers of spongy tissue, 

Ll ‘Two mammary glands of female guineapig are functional after parturition. Two 
ovaries remain in the abdominal cavity. Each oviduct is about 50 to 60 mm long 

L which consists of three regions. Uterus is a bicomuate Y -shaped elongated organ. 
Thternal to the uterine body there is a uterine velum. Vaginal canal is about 30 to 

40 mm long" 
‘Gestation period in guineapig is about ten weeks: After gestation period 2-3 babies 
bom and by 8 to 10 weeks they attain maturity. 

2253—36 
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Uuincapig ts a quadruped Umid generally domesticated mammal in the vertebrate 
group. They are diurnal in habit ; they are herbivorous animal, They are caecotrophic 
und coprophagus in habit. 

‘Their body is covered with hairs of different colouration but without any tail. 

The body of the guineapig is divided into head, neck and trunk. Head is provided 
with vibrassae oa the snout, There is a philirum and nasolabial sulcus on the upper 
lip , as a result, the upper incisors are exposed. Guineapig can move the pinna. 

‘The trunk is divided into thorax and abdomen, The thorax is bounded by stermum 
and ribs on the ventral and ventro-lateral sides but no bony cage is present in the 
abdomen, Intemally thorax and abdomen is separated by a diaphragm. 

la guineapig, neo mammary glands are presenton the lateral sides of the 
posterior end of the abdomen. In a matured female, the mammary glands are wel! 
developed and functional. But in case of male guineapig, the mammary glands 
remain as a dormant one. Forelimb and hindlimb possess four and three digits 
respectively. Sebaceous and sweat glands are present in the skin of guincapig. 
Most of the skeletal muscles are attached to either bones or cartilages by tendons 


aponeuroris. 

In guineapig, the skeletal system is divided into three major groups, namely 
axial, appendicular and heterotopic skeletons, Skull, vertebral coloumna, ribs and 
stemum combinely form the axial skeleton. The skeletons of the forelimbs and 
hindlimbs along with the pectoral and pelvic girdles form the appendicular skeleton, 
Bones of the unusual location, namely the ospenis in the glans penis form the 
heterotopic skeleton, 

— sets of teeth are present, such as milk teeth in young stage and 
permanent teeth on matured animal ; this is known as diphyodont dentition, Teeth 
are heterodont and the codont, Canine is absent, so the ‘space’ between the incisor 
and premolar is known as diastema. The total number of teeth in guineapig is twenty. 

‘The roof of the buccal cavity is known as palate, The anterior part is supported 
by bone known as hard palate and the posterior part is not supported by skeleton 
known as sof palate. 

The pharynx in guineapig is a complicated one, The upper part of pharynx is 
called the nasopharynx where the internal nasal apertures and the eustachian tube 
of the middie car open. The lower ventral part of the pharynx is called the 
buccopharynx where gullet and glottis like apertures are situated. 

The stomach is situated on the left upper abdomen just below the diaphragm 
‘There is a pyloric sphincter on the terminal part of the pylorus of the stomach, 

The intestine is the major past of the alimentary canal. The small intestine consists 
of duodenum, jejunum and ileum and the large intestine consists of caecum, colon, 
rectum and anal canal. In guineapig the vermiform appendix is absent. There is a 
iliocoelic valve at the junction of ileum and caccum. 

In guineapig, the following glands are helping in digestion namely salivary glands. 
liver, pancreas, gastric glands and intestinal glands. There are five pairs of salivary 
glands namely parotid gland, mandibular gland, major sublingual, minor sublingual 
and infra-orbital or zygomatic gland. The secretion of liver is known as bile ; enzymes 


or 


Gre absent in bile, The secretion of salivary glands is knows as safha The complex 
food materials are converted into simple forma, sach as protein cog verted into amino 
acids, starch into glucose and simple sugars, fat into fatty acids and glycerol with 
the help of saliva, bile, pancreatic juice, gastric and intestinal juice. 

‘The primary organ of respiratory system is hung and the accessory organs are the 
nonse, the larynx and the trachea and bronchi. Internal nasal apertures are not directly 
connected with the larynx which is situated at the top of the trachea. The aperture of 
the larynx is known as gloftis, The trachea bifurcates into two broach! which enter 
into the the respective lung. The lung is a spongy organ and the smallest units of 
lung are the alveoli where exchange of gases takes place. Inspiratory process helps 
the air to enter into the alveoli and air of the alveoli then expelled by the expiratory 
process. The diaphragm is playing a vital role in both the inspiration and expiration 


processes, 

Blood, heart and blood vessels these three structures collectively form the blood 
vascular system, Blood is a fluid connective tissue which consists of plasma and 
corpuscles. Three types of corpuscles namely RBC, WIC and platelets are floating 
in the plasmu. Red blood corpuscles are without any nucleus bet contain haemoglobin 
and they are in huge numbers. White blood corpuscles are nucheatod and their number 
is less than the RBC. The heart is a hollow muscular organ and it is covered by a 
pericardium. The heart of guincapig consists of four chambers namely two auricles 
and two ventricles. The right auricle communicates with the right ventricle through 
the tricuspid valve The left auricle communicates with the left ventricle through 
the mitral valve or bicuspid valve. The valves control the movement of blood in one 
definite direction. The deoxygenated blood of right auricle enters to the night ventricle 
but not in the reverse direction and in the same way the otygenated blood of left 
auricle enters to the left ventricle. The contraction of the heart is known as systole 
and relaxation of heart is known as diastole. The blood vessels consists of artery, 
vein and capillaries. Due to the systole of heart, the blood comes to the capillaries 
through the artery and their smaller branches of blood vessel. Some amount of 
fluid comes out from the capillaries and deposited surrounding the due This 
intercellular Quid is known as tissue fluid, Most of the tissue Huld is reabiorbed to 
the venous capillaries and the small amount of tissue fluid enters to the Lymph 
capillaries, The fluid in the lymphatic vessels is called Lymph. The venous capillanes 
form the veins, The deoxygenated blood comes to the tight auricle through the 
venous system, 

The central nervous system consists of brain and spinal cond, The brain of 
guincapig is well developed than that of the non-mammalian vertebrates. There are 
foldings in the brain of guineapig, The brain is mainly divided into three regions 
namely fore-brain, mid-brain and hind-brain. The cerebral hemispheres of the fore 
brain are connected by a band of nerves known as corpws callossm ; as a rewah, the 
functions between the hemispheres are well co-ordinated. The mid-brain comnts 
of corpora quadrigemina. Cerebellum of the hind-brain consists of many foklings 
The cavity inside the brain is called ventricle, There are four ventricles inside the 
brain. The spinal cord is also a hollow elongated rod like structure. The Mund that 
remains in the ventricles as well as in the hollow apace of the spinal cord is known 
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as cerebrospinal fluid CS F.). The brain and spinal cord both are covered by 
meninges, Twelve pairs of nerves arise from the brain known a cranial nerves, 
These cranial nerves are of three types namely sensory, motor and mixed nerves. 
From the spinal cord thirty two pairs of nerves are developed and these nerves are 
called spinal nerves. All these nerves are mixed type. The cranial and spinal nerves 
are controlling the different kinds of functions. Eyes and cars like sense organs are 
highly developed in guincapig 

Ductless glands of the body are known as endocrine glands. The secretion of 
these glands is called hormone, Hormones are also act as a chemical messenger and 
controlling the different kinds of functions. Hence all functions of the body are 
well co-ordinated by the hormones as well us the nervous system. 7 

‘The kidney and other associated accessory organs combine to form an excretory 
system in guineapig. The kidney is a bean-shaped body that is formed by numerous 
units and these units are called nephrons. The outer part oſ the kidney is known as 
cortex and the inner part is medulla. On the inner concave side of a kidney there is 
a notch known as Ailus through which blood vessels and ureter enter or leave the 
kidney, The kidney forms a liquid known as urine. This urine comes to the urinary 
— eR FTES NON RRR ee eing 
eliminated to the outside through the urethra. 

The guinenpig ie en wnlsezsial animal: The testis — 
in male and this organ is placed in a scrotal sac which is situated out side of the 
body. In male, the urethra which lies in penis acts as a common passage for 
elimination of both the semen us well as urine, In female guineapig, the two ovaries 
lic in the abdomen. Internal fertilization occurs after copulation. Though fertilization 
occurs in the fallopian tube but development of fertilized egg takes place inside the 
uterus. Ten weeks after fertilization, the young ones are coming out from the mother. 
CC ˙ EA 
the mother. They are matured by two to three months. J 


2.20. Naming/Discovery/Discoverer 

[1] Gale Cooper and Alan L, Schiller (1975)—They have writteh a complete 

monograph on guineapig as Anatomy of the Guineapig’. 

[2] C. Froger (1966)—He described a small trunk, the broncho-oesophageal artery 
which arises from the dorsal aspect of the aortic arch. He says that a few 
ascending branches from the intercostal arteries also go to the pleura and 
mediastinum. 

B. Villin (1965)—He made a detailed work of the hepatic artery as well as liver 

of guineapig. 

14 S. A. Asdell (1964)—He notes that there is no breeding season in the guineapig. 

[5] H. S. Zackheim and L. Langs (1962)—They have indicated the prominent 
hairless area and noted the absence of sweat glands in the hairless area in 
guincapig. 

[6] M. E. Reid (1958)—He has given a data of average life span of guineapig. 

[7] H. L. Ibsen and M. E. Reid (1956, '58)—They have mentioned the average 
length and weight of mature male and female guineapig. 
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R. I. Pocock (1914) and A. G. Lyne (1959}—They have divided the body hairs 
of guineapig into seven groups. 

A. S. Parkes (1956)—He reported that guineapig lacks anal glands. 

J. A. King (1956)—He described the behaviour of male and female guineapig 
during estrous period. i ut 


. Hess (1955), J. J. Luparelio (1964) and J. S. Tindal (1965)—Described 


the microscopic structure of foré-brain and diencephalon of the brain of 


guineapig. a’ f i 
H. Ly Dawson (1930)—He studied the hair growth and also described the 
distinctive patterns of five different types of hair in the guineapig. 


. Special Questions with Answer 
Wat portions of body surface are devoid of hairs in gulneapig ? 
Following portions ure devoid of hair in guineapig— 


(a) Foot pads of fore and hindlimbs, 


(b) Border of nose. 


(c) Surrounding the abdominal teats. 

(d) Just behind the pinna of the ear on each side of the head. 

Name four mammalian features of guineapig. From the external 

morphology of guineapig, name four mammalian characters. 

Four external mammalian features are given below— ` 

(a) The body is covered with harrs = 

(b) There is pinna in the ear. 

(c) Mammary glands with teats are present. 

(d) Upper and lower eyelids are movable, 

How many types of hairs in the guineaplg ? Describe them. 

‘There are five different types of hair in the guineapig. 

These are: > 

(a) A thick, broad, slightly flattened hair ending in a sharp point. Length 10 to 

25 mm long. ' 

(b) A fine hair, shorter than type (a), and with a very fine tip. 

(c) A thin hair, very fine, flexible tp, slightly wavy in nature, Length 10 to 21 

mm long. 

(d) A fine hair, slightly wavy, 1—3 to 8 mm long. 

(e) A short, thickbased hair ending in a sharp point. 

What do you mean by philtrum ? 

‘The two external nostrils converge in the midline, which divides the upper lip 

by a small elevation called the philtrum. 

What art viran |e a 
e number of long hairs are present on as well as 

.. are known as vibrissae. These vibrissae in guineapig 

are divided into five groups according to their locations. These long hairs are 

used as tactile organs. 1 bi sd) 

What do you mean by nasolabial sulcus 

In case of guineapig, there is a medial split in the upper lip known as nasolabial 

sulcus, The upper incisors remain exposed through this nasolabial sulcus. 
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How many digits are there in the forelimb and hindlimb of guineapig ? 
Guineapig have four toes on the forefoot and three on the hindfoot. 
What is atlas ? 
Atlas is a ring-like bone in tetrapods which forms the first cervical (neck) vertebra 
of the vertebral column, on which skull rests. 
How many thoracic ribs are present in guineapig ? Which ribs are called 
true, false and floating ribs and why ? 
There are usually 13-14 pairs of ribs in guineapig. 
The first six pairs are extended between the vertebral column and the sternum. 
These six pairs of ribs are called true ribs.7th to 9th pairs of ribs are attached 
with the 6th rib instead of sternum. Hence these are called false ribs. The rest of 
the ribs are not attached with the sternum or any other rib. So these are called 
floating ribs. 
What is meant by heterotopic skeleton ? Name a heterotopic skeleton of 
guineapig. 
Bones which are situated in the unusual location in the body are known as 
heterotopic skeleton. 
Example: Ospenis of guineapig (It is a small bone which is present in the 
septum between corpora cavernosa of penis). Besides this the different sesamoid 
bones present in the limbs are examples of heterotopic skeleton. 
Mention the length and diameter of oesophagus, different regions of small 
intestine and large intestine of guineapig. 
1. Oesophagus : 12 to 15 cm long and 4 mm in diameter. 
2. Small intestine : 125 cm long and 4 to 6 mm in diameter. 

(a) Duodenum . 10 to 12 em long. 

(b) Jejunum . 95 em long (approx.) 


(o) Ileum 10 cm long. 

3, Large intestine : (i) Caecum ......... 15 to 20 cm long. 
(ii) Colon 70 to 75 cm long. 
(iii) Rectum 7 to 10 em long. 
(iv) Anal canal ......... 5 em long. 


Mention the different parts of a liver in guineapig. 

In guineapig, the liver is divided into four lobes and four sublobes as well as 
two processes. All these are separated by deep fissures. 

(a) Quadrate lobe is the largest hepatic lobe. It is divided into two equally 
sized: (i) Left sublobe, (ii) Right sublobe. 

(b) Left lobe is the rectangular. 

(c) Right lobe is oval. It is composed of two sublobes : (i) Medial sublobe, 
(ii) Lateral sublobe. 

(d) Caudate lobe is the smallest lobe. It is divided into a (i) caudate process, 
(iii) papillary process. 

(a) What are glottis and epiglottis ? (b) Name the cartilages that form the 
walls of the larynx. (c) Why trachea is non-collapsible ? 

(a) Glottis : The opening from pharynx which leads into the larynx (voice box) 
is known as glottis. 
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Epiglottis : It is a flap of cartilaginous tissue which is present in the larynx of 
mammals. It closes the air passage to lungs during swallowing of food. 

(b) The walls of the larynx are composed of the following cartilages, such as 
single thyroid cartilage, double arytenoid cartilages and single cricoid cartilage. 
(c) The trachea is a fibrocartilaginous and membranous tube. It is kept patent 
by incomplete C-shaped rings of cartilage on its antero-lateral wall, which keeps 
air tube open. So that the trachea is non-collapsible. 

State the relationship between foramen ovale and fossa ovalis. 

Foramen ovale is an opening in the inter-auricular septum of the heart of 
mammalian embryo which is closed before birth by a fibrous tissue. So the site 
of foramen ovale is represented by a thin area called fossa ovalis. 

How many openings in the right auricle ? Mention their locations with 
function. 

There are four main openings in the right auricle of the heart of guineapig. 

(i) Coronary sinus: It opens in the right auricle between the inferior vena cava 
and the auriculo-ventricular ostium and drains the veins of the heart. 

(ii) Ostium of the inferior vena cava: It is regarded as the larger opening which 
lies in the posterior aspect of the right auricle near the inter-auricular septum. It 
drains venous blood through inferior vena cava. 

(iii) Ostium of the superior vena cava: It opens into the dorso-cranial aspect of 
the auricle. It drains venous blood of the anterior aspect of the body through 
superior vena cava. 

(iv) Right auriculo-ventricular ostium : It is an oval ring surrounding the right 
auriculo-ventricular valve and drains venous blood of the right auricle to right 
ventricle. 

How many valves are present in the heart of a mammal ? Describe them 
with function. 

There are four valves in the heart of a mammal, 

(a) Tricuspid valve or Right auriculo· ventricular valve: It is composed of three 
delicate, transparent cusps such as a ventral angular cusp, a dorsal parietal 
cusp and a medial septal cusp. Their bases are attached to the right auriculo- 
ventricular ostium and apexes are projecting into the ostium. Each cusp is held 
in place by the chordae tendineae and papillary muscles, 

© Function: It prevents regurgitation of blood back into the right auricle. 

(b) Pulmonary valve: It consists of three semilunar transparent cusps having 
their rounded ends attached to the round ostium of the pulmonary trunk and 
their flat free ends are projecting into the lumen. The semilunar cusps are—the 
right and left cusps and the intermedial cusp. 

@ Function: This valve is preventing the regurgitation of blood back into the 
right ventricle. y 

(c) Mitral valve or bicuspid valve or left auriculo-ventricular valve : This valve 
is composed of twò unequally sized cusps such as a larger septal cusp and a 
smaller parietal cusp. Their bases are attached to the left auriculo-ventricular 
ostium and apexes are projecting into the ostium. 

@ Function vin eee ees the regurgitation of blood back into the left 


auricle. 
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(d) Aortic valve : This valve is lying into the opening of aorta, i.e., aortic ostium, 
The aortic valve comprises three semilunar cusps, such as right and left semilunar 
cusps and the septal semilunar cusp. 

Function: Aortic valve prevents regurgitation of blood back into the left 
ventricle. 

Name the organs which are supplied with blood by the following arteries 
in guineapig : (a) External carotid, (b) Intercostal, (c) Phrenic, (d) Coeliac, 
(e) Posterior mesenteric. b 


(a) External carotid Facial region, mouth cavity, tongue and 
different parts of head. 

(b)  Intercostal : Intercostal muscles of the thoracic wall. 

(c) Phrenic : Diaphragm. 

(d) Coeliac : Stomach, liver and spleen. 

(e) Posterior mesenteric : Large intestine and posterior part of mesentary. 


Name the arteries arising from right subclavian artery of guineapig. 
Following arteries arising from the right subclavian artery are given below : 
(i) Superficial cervical artery, (ii) Internal thoracic artery, (iii) Vertebral artery, 
(iv) Costocervical artery, (v) Bronchio-oesophageal artery. 

What is an Azygos and what is its function ? 

Azygos is an unpaired vein originated from the dorsal thoracic region. 
Function : It draws blood to the superior vena cava. 

Name the principal veins and arteries of guineapig ? 

Principal veins : Pulmonary, cardiac, systemic and portal. 

Principal arteries : Pulmonary arch, aortic arch, ascending aorta, arch of aorta, 
descending aorta. 

State the position and characteristic of Fovea centralis. 

Position: Fovea centralis is a shallow depression in the retinal layer. 
Characteristic ; Maximum number of cone cells are present for acute vision. 

What is blind spot ? 

The point from which the optic nerve comes out from the eyeball is devoid of 

receptor cells ; naturally there will be no formation of image. Hence this point 

of retina is known as blind spot. 

State the position and characteristic of Organ of Corti. 


‘Inside the cochlea of internal ear, contains sound receptor cells which are 


collectively known as organ of corti. 

What is meibomian gland ? 

On the free margin of the eyelids, there are tiny glands which are known as 
meibomian glands. These glands secrete sebacious material on the margin of 
the eyelids. 

State the position and characteristic of gubernaculum ? 

Ligamentum testes and the scrotal ligament together form a thick stubby fibrous 
ligament which is known as gubernaculum. It controls the movement of testes. 
State the position and characteristic of Hypoglossal nerve. 

It is a XIIth cranial nerve which is present below the tongue region. This motor 
nerve controls movement of the tongue. 
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State the position and characteristic of Placenta. 

Placenta is formed by mother and foetus tissue which establishes a connection 
between the two. It is formed in the mammalian uterus. 

What do you know about meninges ? 

Meninges are covering of the central nervous system (brain and spinal cord). 
There are three coverings which from outside inwards are known as dura mater, 
arachnoid mater and pia mater. They have many functions one of which is 
protection. 

Dura mater : It is an outer most layer of the meninges. It is a thin, translucent, 
fibrous membrane that is attached to the skull on its outer surface and invest the 
brain completely in a protective bag. The dura mater is attached at all the 
foramena of the skull and extends down the surface of the spinal cord. It 
terminates as a conical sac at the sacral levels. 

Arachnoid membrane : It is a middle layer of the meninges and is situated 
beneath the dura mater and lies on the surface of the brain and spinal cord. It is 
a very thin transparent membrane and composed of a single layer of mesenchymal 
cells. Arachnoid is separated from the surface of the brain by a very narrow 
space which is known as subarachnoid space. 

Pia mater : It is the innermost layer of the meninges and lies on the surface of 
the brain. It completely covers the brain. It is composed of single layer of cells. 
Pia mater and arachnoid membrane are called the leptomeninges and the dura 
mater which is relatively fibrous and thick is called the pachymeninges. 

What is the length of spinal cord in an adult guineapig ? Where does it 
terminate in the vertebral column ? 

The length of the spinal cord varies from 18 to 24 cm. It lies inside the vertebral 
canal and extends at the level of the Lumbar 6th vertebra of the vertebral column. 
What do you know about filum terminale ? 

It is a pial extension which extends from the conical (terminal) end of spinal 
cord as a fibrous strand which picks up a superficial investment of dura mater 
and attaches to the sacral vertebra. Filum terminale anchors the terminal end of 
the spinal cord. 

What is cerebrospinal fluid (CSF) ? Give two important functions of 
CSF? 

Cerebrospinal fluid is a modified tissue fluid which is present in the cerebral 
ventricles, spinal canal and subarachnoid space. 

@ Function ; (i) Cerebrospinal fluid helps in the drainage of metabolites 
(ii) CSF helps in nutrition and oxygen supply to the nerve cells. 

What are grey matter and white matter ? : 4 
Grey matter: The areas of the brain and spinal cord which are enriched in cell 
bodies of the neurones and neuroglea and appear dark is called grey matter. 
White matter: The areas of the brain and spinal cord which are enriched in 
nerve fibres, particularly myelinated fibres appearing shining white is called 


white matter. 

What are meninges ?, 
The brain and spinal cord i 
inwards such as dura mater, arachnoid mater and pia m: 


that are covered by three membranes from outside 
ater are called meninges. 
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What are cranial nerves ? How many cranial nerves are there in 
guineapig ? 

Nerves belonging to peripheral nervous system of vertebrates that are originated 
from brain enclosed in the cranium (brain box) are called cranial nerves. 
Twelve (12) pairs of cranial nerves are present in guineapig. 


State the names of the X th and V th cranial nerves. Mention the origin 
and distribution of the X th cranial nerve. 
Naming of the nerve : 
V th Trigeminal 
X th Vagus or Pneumogastric 
Origin : Vagus arises from the lateral surface of Medulla oblongata of brain. 
Distribution: (i) Laryngeal nerve of vagus is distributed to the larynx. 
(ii) Cardiac nerve of vagus is distributed to heart. 
(iii) Pulmonary nerve of vagus is distributed to lung. 
(iv) Gastric nerve of vagus is distributed to Stomach. 


(a) Mention the name of the ossicles of middle ear and their functions. 

(b) What is cochlea ? (c) State briefly the function of cochlea. 

(a) Ossicles of middle ear : Malleus, incus and stapes. 

© Function : These bones are joined together in such a way that vibration of 
tympanic membrane are amplified and transmitted to the inner ear to cause 
waves in the fluid of cochlea. 

(b) The fluid-filled coiled structure of internal ear which contains the organ of 
corti is known as cochlea. 

(c) @ Function : The hair cells of cochlea initiate nerve impulses that are carried 
to the brain via auditory nerve to give auditory sensation. 

What is inguinal canal ? What is its function ? 

A narrow passage which ommunicates between the scrotal sac and the abdominal 
cavity is known as inguinal canal. The spermatic cord enters though this inguinal 
canal, 

What is spermatic cord ? 

The vas deferens along with the mesentry, blood vessels and nerves are enclosed 
together by loose fibrous tissue that is known as spermatic cord. 

What is uterine velum ? 

Internal to the uterine body there is a mediam thick muscular septum which is 
known as an uterine velum. 

What do you know about glans ? 

The terminal part of the penis is called glans which is formed by the terminal 
end of the corpus spongiosum. The glans ends in a rounded tip. The heterotopic 
skeleton, the ospenis is present on the dorsal surface of the glans. 

What is uterus masculinus ? [J.E.E. 2001] 
A small diverticulum of the proximal part of urethra in male guineapig is known 
as uterus masculinus. 
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Describe briefly the urino-genital system of female guineapig with labelled sketches. 

(Ans. 2.14, 2.15.2) 
Write briefly what happens when food passes through different parts of alimentary canal of 
guineapig. (Ans. 2.9.3) 
Draw the internal structure of the heart of guineapig and label its various parts. Describe briefly 
the mechanism of blood circulation through it. (Ans. Fig. 2.27, 2.11.1.1) 
Describe the central nervous system of guineapig and write the functions of different parts of 
brain. (Ans. 2.12.1) 
Describe the different parts of the alimentary canal of guineapig with labelled sketch and write 
about their functions. (Ans. 2.9.1) 
Describe the female reproductive system of guineapig with a labelled diagram. (Ans. 2.15.2) 
Indicate the function of the different parts of the alimentary canal of guineapig and give a brief 
description of the functions of the glands associated with the alimentary system. 


(Ans, 2.9.1, 2.9.2) 
Describe the respiratory system of guineapig with diagram. (Ans. 2.10.1) 
Draw, label and describe the male reproductive system of guineapig. (Ans. 2.15.1) 
Name three principal endocrine glands of guineapig and mention the hormones secreted from 
each of these glands. (Ans, 2.13) 


Draw and label the pelvic girdle of guineapig. What is meant by cardiac and pyloric stomach ? 
Describe the mechanism of protein digestion in the stomach of guineapig. 


(Ans. Fig. 2.15A, 2.9.1, 2.9.3) 
State the position and characteristics of (a) Organ of Corti, (b) Fovea centralis, (c) Placenta, 
(d) Hypoglossal nerve, (e) Gubernaculum. IJ. E. E. 1987] (Ans. 2.21) 


(a) Name the arteries arising from right subclavian artery of guineapig. (b) State the relationship 
between foramen ovale and fossa ovalis. (c) What is an azygos and what is its function ? 
IJ. E. E. 1987] (Ans. 2.21) 
(a) Describe the histological structure of a mammalian tooth. (b) Write the dental formula of 
guineapig. (e) What is meant by thecodont-diphyodont dentition: [J.E.E. 1987] (Ans. 2.9.1) 
(a) What portions of body surface are devoid of hair in guineapig ? (b) State the names of skin 
glands and their secretions. IJ. E. E. 1988] (Ans. 2.21, 2.5.2) 
What do you mean by Philtrum' ? Give the dental formula of guineapig. What is thecodont 
dentition ? IJ. E. E. 1989] (Ans. 2.21, 2.9.1) 
Name the first six pairs of cranial nerves in guineapig and state the functions of each of them. 
JE. E. 1990] (Ans. Table 8) 
(a) From the external morphology of guineapig, name four mammalian characters. 
(b) How many digits are there in the forelimb and hindlimb of guineapig ? (c) Name a heterotopic 
skeleton of guineapig. [J.E.E. 1991] (Ans. 2.21) 
What are glottis and epiglottis ? Name the cartilages that form the walls of the larynx. (c) Why 
trachea is non-collapsible ? IJ. E. E. 1991] (Ans. 2.21) 
(a) What is a mixed nerve ? (b) Name chronologically the cranial nerves of guineapig ? 
(c) Write the names of the mixed nerves from it. [J.E.E. 1991] (Ans. 2.12.2, T-8) 
(a) What are cranial nerves ? (b) How many cranial nerves are there in guineapig ? (c) State the 
names of the Xth and Vth cranial nerves. (d) Mention the origin and distribution of the Xth 


cranial nerve. [J.E.E. 1993] (Ans. 2,21) 
Dscribe the heart of guineapig with labelled sketches. (Ans, 2.11.1) 
(a) How many thoracic ribs are present in guineapig ? (b) Which ribs are called true, false and 
floating ribs and why ? What is atlas ? [J-E.E. 1994] (Ans. 2.21) 


(a) Mention the name of the ossicles of middle ear and their function. (b) What is cochlea ? 
(c) State briefly the function of cochlea. IJ. E. E. 1994] (Ans. 2.21) 
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[25] (a) Mention the scientific name of guineapig. (b) Name four mammalian features of guineapig. 
(c) How many digits are there in the forelimb and hindlimb of a guineapig. 
[J.E.E. 1998] (Ans. 2.3, 2.21) 
[26] (a) What is a mixed nerve ? (b) Name the sequence the first eight cranial nerves of guineapig. 
(c) Write the name of the mixed nerves from them. IJ. E. E. 2000] (Ans. 2.12.2, T.8) 
27] (a) What do you mean by thecodont, heterodont and diphyodont ? (b) Give the dental formula 
of guineapig. (c) What is diastema ? (d) Why canine is absent n guineapig ? 
IJ. E. E. 2000] (Ans. 2.9.1) 
28] Deseribe the different parts of the alimentary — — of guineapig with labelled sketches and 
write about their functions. (Ans. 2.9.1) 
[29] Describe the structure of the heart of guineapig with labelled sketch. (Ans. 2.11.1) 
[30] Describe the different parts of the brain of guineapig and mention briefly their functions. 
(Ans. 2.12.1) 
311 Give an account of the male reproductive system of guineapig with diagram. (Ans. 2.15.1) 
[32] (a) Draw a diagram of the arterial system of guineapig and label the following arteries : Internal 
carotid, Intercostal, Coeliacomesenteric and External-iliac. 
(b) Specify the organs of guineapig where the above mentioned arteries supply the blood. 
: n x (Ans. Fig. 2.31, 2.11.2) 
[33]. What is respiration ? Describe the respiratory system of guineapig ‘with labelled sketch. 
(Ans. 2.10, 2.10.1, Fig. 2.22) 
[34] Describe the alimentary system of Guineapig with diagram. (Ans. 2.9) 
[35] (a) What is uterus masculinus ? (b) Give the labelled sketches of the male and female reproductive 
system of Guineapig. IJ. E. E. 2001] (Ans. 2.21, Fig: 2.44 & 2.45) 
[36] Draw and label the digestive system of guineapig. [J.E.E, 2004] (Ans. Fig. 2.18) 
[37] Draw a flow chart showing circulation of blood through the heart of a guireapig. 
IJ. E. E. 2005] (Ans. Fig. 2.29) 
B. Short answer type: 7 
1] Mention the systematic position of guineapig. (Ans. 2.3) 
[2] Mention the location and name of the secretion of sebaceous gland in guineapig. (Ans. 2.5.2) 
[3] What is diastema ? [J.E.E. 1999] (Ans, 2.9.1) 
[4] What is dental formula? (Ans. 2.9.1) 
[5] What is thecodont dentition ? ty (Ans, 2.9.1) 
[6] Mention the importance of nasopharynx. (Ans. 2.9.1) 
[7] What is diaphragm? (Ans. 2.8) 
[8] Write down the names of the different parts of stomach. (Ans. 2.9.1) 
[9] Mention the names of the salivary glands in guineapig. (Ans. 2.9.2) 
[10] What is bile and mention its function. (Ans. 2.9.2) 
[11] What is alveolus ? i (Ans. 2.10.1) 
[12] What is lymph? (Ans. 2.11.4) 
[13] What is meninges ? Write down the names of the meninges. (Ans. 2.12.1) 
14] What is corpus callosum ? (Ans, 2.12.1) 
[15] Mention the names of the ventricles in brain. (Ans. 2.12.1) 
[16] What is inguinal canal ? (Ans. 2.15.1) 
[17] What is epididymis ? (Ans. 2.15.1) 
[18] What is filum terminale? (Ans. 2.12.1) 
[19] What is blind spot in retina ? (Ans. 2.12.4) 
[20] What is portal vein ? (Ans, 2.11.3) 
[21] Which aortic arch is present in Cavia sp. ? IJ. E. E. 1999] (Ans, 2.11. 25) 
© C. Distinguish between: 
[1] Ileum and ilium [J.E.E. 1993, 99] (Ans, 2,17) 
[2] Mitral valve and tricuspid valve (J.E.E. 1993] (Ans. 2.17) 
[3] Columnae carnae and chordae tendinae [J.E.E. 1993] (Ans. 2.17) 
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[5] 
[6] 
[7] 
[8] 
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eG. 
1] 
[2] 
[3] 


Ureter and uterus J. E. E. 1993] (Ans, 2.17) 
Artery and vein . J. E. E. 1993] (Ans. 2.17) 
Systole and diastole (Ans, 2.11.1.1) 
Foramen magnum and foramen of Monro ` (Ans, 2.17) 
Aqueous humour and vitreous humour (Ans. 2.12.4), 
Ventricle of heart and ventricle of brain [J.E.E. 1989] (Ans. 2.17) 
Foramen ovale and foramen magnum IJ. E. E. 1999] (Ans. 2.17) 

Write short notes : 
Larynx i (Ans. 2.10.1) 
Mediastinum (Ans, 2.8) 
Bicuspid valve r (Ans. 2.11.1) 
Portal vein (Ans. 2.11.3) 
Middle ear (Ans, 2,12,5) 
Islets of Langerhans ó (Ans. 2.13) 
Penis re z 2 (Ans, 2.15.1) 
Vulva 3 (Ans. 2.15.2) 
Coprophagus i è (Ans. 2.2) 
Vibrissae i P (Ans. 2.4.1) 
Nasolabial suleus ’ * (Ans. 2.4.1) 
Typical vertebra (Ans. 2.7.1B) 

Choose the correct answer (MCQ) : 
Guineapig is a carnivorous/hervivorous/omnivorous animal. 
Ospenis is a axial / appendicular / heterotopic skeleton. 
Teeth in the socket of gum are known as thecodont / heterodont / diphyodont. 
Pepsin is a proteolytic enzyme of bile / pancreatic juice / intestinal juice / gastric juice. 
Glottis is an aperture of oesophagus / larynx / nasopharynx / eustachian tube. 
Mitral valve is situated in the aorta / right ventricle / pulmonary artery / left ventricle, 
Exchange of materials between the blood and the tissues takes place in the arterioles / capillaries 
/ venules / artery. 
In guineapig the cranial nerves consists of 12/10/8/14 pairs. 
‘The vagus nerve originates from olfactory lobe / diencephalon / cerebellum / medulla oblongata. 
The thyroid / liver / gall bladder is the endocrine gland, 

Matching type : 

Select words from column I to make appropriate pairing with those in column II 
Column I Column II 

(a) Caecotrophic habit of (i) Skin 

(b) Sebaceous gland (i) Guineapig 

(c) Obturator foramen (iii) Humerus 

(d) Bicipital groove (iv) Pelvic girdle of guineapig 

(e) Philtrum (v) Stomach of guineapig 

(f) Greater curvature (vi) Upper lip 

(g) Vitreous humour (vii) Female reproductive system. 

(h) Labia (viii) Eyeball 
Put the Mark on Yes or No for the correct answer: 
The secretion of liver consists of an enzyme known as trypsin. s Yes / No. 
The adult guineapig contains twenty permanent teeth. = mm Yes / No. 
The pharynx in guineapig is divided into nasopharynx 
and oropharym tie) Gale mane Iota ALBEE aloe Cary Moia Yes / No 

Yes / No. 


[4] 
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The pleura is a covering of the hear. 
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[5] The trachea is supported by a series of 35-40 complete bony rings Ves / No. 
[6] Foramen ovalis is a depression on the inter- auricular septum. , Ves / No. 
[7], The lymph is a colourless fluid with small number of 

lymphocytes. Yes / No 


81 Arachnoid is one of the meninges of the brain of guineapig. 
© H. Fill up the blank with appropriate word: 


[1] The scientific name of guineapig is 
{2] The heart is covered by a membrane known as. 
[3] The light sensative layer of an eyeball is called 


[4] The embryo of female guineapig is attached with the uterus by an organ known as 
[5] The parathyroid is situated on the posterior part of. gland. 
[6] The prostate is a 


reproductive organ. 


Answers to Q. No. E, F, G and H 


. III herbivorous. [2] heterotopic. [3] thecodont. [4] gastric juice. [5] larynx. [6] left ventricle. 
[7] capillaries, [8] 12 pairs. [9] medulla oblongata, [10] thyroid. 
(a) and (ii), (b) and (i), c) and (iv), (d) and (iii), (e) and (vi), (f) and (v), (g) and (viii), (h) and 


(vii). 
. [1] No. [2] Yes. [3] Yes. [4] No. [5] No. [6] No. [7] Yes. [8] Yes. 
. [1] Cavia porcellus. [2] pericardium, [3] retina. [4] placenta. [5] thyroid. [6] male. ‘ 
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An Outline Knowledge of Medical 
Zoology 


Topics Discussed : Introduction, what is medical Zoology Mosquito as vector of diseases ; Life cycle and 
comparative study of Anopheles and Culex ; Distinguishing features of each stages Anopheles, Culex and 
Aedes ; Role of mosquitoes in transmission of diseases ; Malaria : Causative organism of Malarial fever, 
infective stage of Plasmodium, Mode of development and transmission of Plasmodium ; Types of Malaria; 
symptoms of malaria and control measures ; Filariasis 2 Causative organism, final host of filarial worm, 
infective stage, development and mode of infection, symptoms and control measures ; General control measures 
against the mosquito borne diseases ; Ascariasis : Causative organism, final host, infective stage, modes of 
development and transmission, modes of infection, symptoms and control measures ; Taeniasis ; Causative 
organisms, hosts, infective stage, modes of development and transmission of tapeworm, formation of cysticercus 
in secondary host, mode of infection, symptoms with laboratory diagnosis and control measures, 


3.1. Introduction 


In nature, we find in one hand many of the animals are beneficial to man, on the 
other hand many are harmful to man. The harmful animals affect the human society in 
various ways. Some of them are damaging the food crops and food, some are destroying 
the domestic animals and even the parasitic animals are causing diseases to man. 

The parasitic animals get entry to the human body either through the drinking water 
and food or directly to the body; as à result the human beings suffer much. As for 
example, a microscopic protozoa namely Entamoeba histolytica enters to the body 
either through the contaminated food or drinking water and causes a disease to man 
known as Amoebiasis ; Giardia intestinalis like protozoa gets entry to the body mainly 
through the contaminated food and also causes a disease known as Giardiasis. But the 
Hookworm (Ancylostoma duodenale) belonging to the phylum Aschelminthes gets 
entry to the human body directly through the ruptured. skin of the foot and ultimately 
resides in the small intestine of host. This worm sucks blood from the intestine of man 
and causes anaemia to man. 

In addition to Hookworm, peoples are also suffered from different kinds of Round- 
worms and Tapeworms. 

It is also observed that Some parasitic animals with the help of another animal, enter 
to the human body, such as various kinds of parasitic animals are being carried by 
insects and these insects are helping the parasites in the entrance inside the human 
body. Peoples in the eastern part of India occasionally suffer from Kala-azar (visceral 
Leishmaniasis). Kala-azar is caused by a protozoan parasite, known as Leishmania 
donovani. This parasite is transmitted to man by female Sandfly (Phlebotomus papatasii) 
African peoples suffer from a disease known as ‘Sleeping sickness’. This disease is 
caused by a protozoan flagellate known as Trypanosome gambiense. This parasite is 
conveyed to man by the bites of infected Tsetse fly (Glossina palpalis) of either sex. 
The infected person wants to sleep constantly. The man is well acquented with such 
insects, of which the most common one is the housefly and the mosquito. Housefly and 
mosquito not only they create annoyance to man but they also carry the various types 
of parasites that are transferred to man in various ways. 
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The housefly carries the parasites or germs) of cholera and typhoid and spreads 
these diseases by contamination of human food, But the mosquito carries the germs 
inside their own body and transfer hose germs to healthy human body. So housefly 
and mosquito both are regarded as vector of the diseases. What is Vector ? The animals 
that carry the disease producing organisms for transference to manare known as 
vector, Thus the mosquitoes as vector are transmitting many dangerous diseases to 
human beings. Such as, Mosquitoes not only carry the germs of malaria and filariasis 
but also carry the germs (virus) of encephalitis and meningitis. These germs are 
transmitted to man by mosquito, As a result, man suffer from encephalitis and meningitis, 
Hence if we want to resist and eradicate these dangerous diseases from our society, we 
must have proper knowledge about these mosquitoes which act as vector of the diseases. 


3.2. What is Medical Zoology ? 


The branch of science that deals with the disease producing parasitic animals in 
relation to man is known as medical zoology. 


3.3, Mosquito as Vector of Diseases 


(a) Anopheles stephensi, A. minimus, A. quadrimaculatus etc., mosquitoes carry 
the germs of malarial disease, 

(b) Culex fatigans and C, pipiens like mosquitoes carry the germs of filarial disease, 
They also carry the germ of encephalitis, 

(c) Aedes aegypti like mosquito carries the virus of yellow fever, dengue fever and 
encephalitis, 


3.4. Life Cycle and Comparative Study of Anopheles and Culex : 


In the life cycle of mosquito, there are four stages, namely egg, larva, pupa and 
adult. Though there are minor differences yet the pattern of life cycle is more or less 
same among the different kinds of mosquitoes. During the flight in the air, the male 
and female mosquitoes come together and subsequently the internal fertilization occurs 
in the female's body. Then the female mosquito lays eggs in the shallow stagnant 
water. 


Fig. 3.1 : Life cycle of Mosquito : (a) Anopheles, (b) Culex. 
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[a] EGG :The female mosquito lays about 200-400 fertilized eggs in the stagnant 
water, The eggs of Anopheles are floating separately in the water ; but the eggs of 
Culex remain together and floats on the water as a single unit. Each egg of Anopheles 
is provided with two central extensions known as floats which are attached laterally. 
With the help of floats, the egg is floating in water like a boat. The float is absent in the 
eggs of Culex. After 2-3 days the larva hatches from the egg. 


[b] LARVA : The elongated larvae move very rapidly on the water. They feed on 
algae and micro-organisms, The body of each larva is divided into head, thorax and 
abdomen. The head consists of two compound eyes, two antennae and a mouth aperture, 
The mouth aperture is guarded with the mouth parts. The thorax is broader than the 
head. On the thorax there are clusters of hairs. The abdomen is composed of nine 
segments, There are clusters of hairs on the lateral sides of the abdomen, There is an 
elongated respiratory siphon on the terminal end of the abdomen. The larva of Anopheles 
mosquito projects the siphon above the surface level of water but its body remains 
parallel to water level, In case of Culex mosquito, though the siphon remains above the 
water but the head of the larvae is suspended downward. The larvae moult four times: 
after each moulting there are some changes in the body. The larval period continues for 
seven days. After seven days, each larva is metamorphosed to form a pupa. 

[c] PUPA : The pupal stage of mosquito is not stationary like other insects. The 
pupa moves in water but they do not feed any thing as they have no mouth aperture. 
They are looking like a coma (,) sign. The head region is comparatively larger and the 
dorsal siphon remains above the surface of water for respiration. The pupal stage 
continues for two days. After two days, there is a metamorphosis in the pupa and the 
adult is formed. This adult comes out by breaking of the pupal shell. 


Fig, 3.2 : Heads of Anopheles and Culex. 


[d] ADULT: After coming out from the shell, the adult mosquito remains sometime 
over the shell, till the two wings of the mosquito ure being dried up and become hard. 
The mosquito then flies in the air. They remain alive near about a month. 

Thus the mosquito completes its life cycle and repeats the process subsequently. 
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Table 1: Showing the distinguishing features of each stages of Anopheles, Osles 
and Aedes ` 


3.5. Role of Mosquitoes in Transmission of Diseases 

Female mosquitoes of Anopheles, Culex and Ardes penetrate their proboscis insade 
the blood vessels of man and other vertebrates for the purpose of feeding. During this 
feeding ume the infective stage of the germs enter im the man, causing the discaret 
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3.5.1. MALARIA r — 


Out of the various diseases which are caused by mosquito, the malaria lx the 
common and well known disease in our country, 

The word Malaria (mala = bad, aria = ait) is derived from two kalian words and 
40 the literal meaning of malaria is inhaling of ‘bad alr’, In 1898 Sir Ronald Ross, a» 
Indian army doctor first discovered the role of female Anopheles mosquito in the spread 
of the malarial parasite (Piarmodium) He made this discovery when he was working 


malariae and (iv) Flame ovale. . 
© infective stage of Plasmodium : The sporazoltes, a stage of the malarial paraute 
that are developed In the body of female mosquito are the infective stage in the malarial 
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[2] Prevention of infection (detail in Article no. 3.7.2). 

[3] Treatment of the patient : If a person suffers from a malarial disease, treatment 
must be done. Treatment is made with various drugs, such as Quinine, Chloroquine, 
Camoquine etc. The treatment of malaria by vaccination cannot be done as the matarial 
parasite does not produce any antibodies or antitoxins in human blood. 


3.6. Filariasis 
The disease which is caused by a Filaria (roundworm) in man is known as filariasis, 
The scientific name of the roundworm is 
Microfileria Wuchereria bancrofti. This parasite lives in 
the Lymph vessels and lymph nodes of man. 
This worm is commonly known as filarial 
worm. Sexes are separate. The union of 
male and female filaria takes place in the 
lymph vessels and subsequently large 
number of larvae are developed. Thus they 
increase their numbers by sexual 
reproduction. These larvae are called 
microfilariae. 
© Causative Organism: Wuchereria 
bancrofti (Filarial worm). 
© Final Host of Filarial worm: Man. 
Vector : Mosquito (Culex). 
@ Infective stage of Organism: Matured 
larva. 


3.6.1. DEVELOPMENT AND MODE OF INFECTION 


Maximum number of microfilariae come to the blood capillaries of skin at mid 
night between 12 to 2 A.M. When the female Culex mosquito sucks the peripheral 
blood of such infected person at night, huge number of microfilariae enter to the stomach 
of Culex along with the blood. After that each microfilaria penetrates the stomach and 
comes to the thoracic muscles where they metamorphose into fully formed larvae. The 
fully formed infective stage of larvae come to the proboscis of mosquito. The female 
Culex mosquito containing the matured larvae when bites a healthy person for suction 
of blood-meal, these infective larvae enter into the blood stream of man and slowly 
they come to the lymph vessels where they sexually mature, unite again and repeat the 
life cycle. 

Thus the female Culex mosquito carries the microfilariae from an infected person 
and transfer the mature larvae to the healthy person. In this way, the disease ‘filariasis’ 
spread from person to person. So we can say that the female, Culex mosquito is the 
vector of the filarial disease where larvae do not multiply but simply develop. 

The mature larvae develop into the adult form inside the lymphatic system of human 
body and subsequently rapid multiplication takes place by sexual reproduction. The 
larvae (microfilariae) are circulated in the peripheral blood; they are either taken up by 
the female Culex mosquito or they are perished. The filariasis is caused mainly by the 


Fig. 3.6: Microfilaria in human blood. 
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living or dead adult filariae and not by the microfilariae. The adult worm occurs in 
tightly coiled nodular masses in the major lymphatic ducts. The adult worms cause 


Lymphatic duct 


7 


Matured Male and DN 


Microfileria present in the 
lung capillary 


Microfileria in the 
peripheral blood 


Crop 
Transformation of 


Microfilerial worm 
Matured larva Proboscis 


Fig. 3.7 : Life cycle of Wuchereria. 
many changes in the lymph vessels and lymph nodes, as a result there is dilatation of 
the lymph vessels distal to the mechanical obstruction of the lymphatic system. 
Incubation period of worms continues for three months, hence the symptoms develop 
after three months of infection. 


Microfilaria : This is the larval form of Wuchereria bancrofti. Large number of 
microfilariae come to the blood capillaries of skin of man at midnight. They are 
transferred to the stomach of female Culex mosquito during suction of blood of 
man by mosquito. Each microfilaria then penetrates the stomach and comes to the 
thoracic muscle of mosquito. Here further growth and differentiation take place 
and larvae come to the proboscis of mosquito. During biting of mosquito in healthy 


person, these infective stage of larvae enter into the blood stream of man. In the 
body of mosquito there is no multiplication of the parasite but maturation takes 
place only. 

Filaria : This is the sexually matured form of Wuchereria bancrofti which remains 
in the lymphatic system of human body, Adult male and female filariae unite and 
subsequently large number of larvae are produced which exhibit nocturnal 
periodicity. 
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3.6.2. SYMPTOMS OF FILARIASIS 
[1] Infected person suffers first with fever and headache. 


5 wy “Y 
Wuchereria \arva coming out of mosquito proboscis Man with Elephantiasis 


Fig. 3.8: Elephantiasis in Man. 


[2] Tremendous unequal swelling of scrotum, legs, mammary glands occurs due to 
the inflammation and mechanical blockage of lymphatic system of the affected part. 
This condition of swelling is known as elephantiasis. 

[3] The skin of the affected parts becomes rough and fissured. 


3.6.3. CONTROL MEASURES OF FILARIA 


[a] The most effective measures are the eradication of mosquitoes and protection 
against the mosquito bites (Article no. 3.7.). 

[b] Curative measure : Heterazon like medicines may have some effect against the 
parasite. 


Elephantiasis : This condition is caused by roundworm known as Wuchereria 
bancrofti. This is partly due to the inflammation of the walls of the lymphatics and 
consequent hyperplasia, and partly due to mechanical blockage by the worms causing 


revolting swellings in the legs or genital system. This abnormal swellings is known 
as elephantiasis. 

Encephalitis : This disease is caused by a virus. Vector of the disease is either 
Aedes or Culex mosquitoes. Sometimes man is also attacked by this virus and causes 
inflammation of the brain known as encephalitis. 


3.7. General Control Measures Against The Mosquito Borne Diseases 


Different types of mosquitoes act as a vector of diseases to man. Hence to prevent 
and eradicate the mosquito-borne diseases, various kinds of measures have been 
undertaken ; such measures are destruction of the vector (intermediate host), 
prevention of infection and treatment of the infected person. These measures are 
described below. 
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3.7.1. DESTRUCTION OF MOSQUITOES 


The destruction of mosquito is the most effective measure in controlling malaria, 
filariasis, etc., because the infection from one person to another will be checked. This 
can be achieved by using the following steps. 

[a] Destruction of adult mosquito :The adults can be destroyed by fumigation and 
spraying of insecticides. (i) Sulphur, pyrethrum like substances are burnt, to 
produce poisonous fumes to control mosquito. (ii) DDT, BHC like insecticides 
are used for spraying in the dwelling places and these insecticides kill the adult 
mosquitoes. 

[b] Elimination of breeding place : The mosquito breeds by laying eggs in the 
stagnant water in ditches, pools, small ponds etc. These breeding places must be 
eliminated for controlling of mosquito. 

[c] Destruction of larvae and pupae : The surface of water in small ponds, ditches, 
drains etc., may be covered by spreading crude oil or kerosene. As a result, a thin 
film of oil is formed on the surface of water that prevents the normal respiration 
of larvae and pupae and so they will die subsequently. 

[d] Biological method: Fishes like Gambusia, Goldfish etc., are the natural enemies 
of mosquito and they feed upon the larvae and pupae of mosquito. So these fishes 
may be introduced and cultivated in the ponds, ditches etc., as an effective control 
measure of mosquito. 


3.7.2. PREVENTION OF INFECTION 
Protection of healthy persons against the attack of mosquito can be done through 
the following measures. 
[a] Protection against mosquito bites must be done by covering the body with clothings 
after sunset, specially in the high mosquito population area. (b) Doors, windows 
and ventilators are to be covered with screen. (c) Use mosquito net at night. (d) 
Use anti-mosquito cream on exposed parts of the body. 


3.7.3. TREATMENT OF THE INFECTIVE PERSON 
Diseased person must be taken medicine as advised by Doctor. 


Table 2 : Showing the mosquito-borne diseases and their control 


organism disease | transmission | measures. 
Plasmodium | Periodical attack | Malaria Mosquito 1. The bushes 
(Protozoa) | of high fever carries the and shrubs 
with chilliness germs from should be 
and shivering ; the infected cleared off 
headache, person and and stagnant 
muscular and transmit water drained 
joint pains ; the germs to off. 
fever subsides healthy person 
with heavy during suction 
sweating. of blood. 


Name of 
Vector 


Anopheles 
(female) 


Name of 
Vector 


Culex 
(female) 


Aedes 
(female) 


Aedes 
(female) 


Culex 
(female) 


Aedes and | Virus 
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Causative | Symptoms Name of | Method of | Control 
organism disease transmission] measures. 


Wuchereria | Enlargement of Filariasis Mosquito 2. For destroy- 
bancrofti lymph glands; | (Elephan-] takes germs | ing larvae and 
(Filarial unequal swelling | tiasis) from infected | pupae of 
worm: of limbs even person at mid] mosquito, 


Aschel- scrotum night and spread kero- 
minthes) in male, mamm- transmit the | sene oil or 
ary glands in germs to the | insecticides 
female are also healthy per- on the surface 
enlarged son during | of water. 
its blood 3. Eradicate 


adultmosquito 
by spraying 

DDT like inse- 
cticides. 


4. Larvicidal 


meal. 


Person suddenly | Yellow This disease 


develops high is primarily fishes like 
fever, severe of monkeys; Gambusia 
headache and occasionally | may be 

joint pains ; the infected | introduced in 
eyes and face mosquito ponds and 
become red and transmit ditches. 
swelling ; Blood the virus to They feed on 
vomiting with man through | larvae and 
jaundice. biting. pupae of 


mosquito. 


Sudden high The mosquito} 5. The mosqu- 


fever with carry the virug itoes can be 
severe joint from monkey | prevented 
pains, headache and transmit | from biting by 
and rash on face. the germs to | using mos- 
man occasio- | quito cream on 


nally through 
biting. 


exposed parts 
of the body 
and screening 
doors and 
windows. 


High tempera- Generally in 


ture with severe domestic 6. Treatment 
headache, animals of infected 
drowsiness and occasionally | person by 
swelling of the mosquito | medicines 
brain. transmit the 

virus to man 


during biting. 
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3.8. Ascariasis 
The disease which is caused by Ascaris in man is known as Ascariasis. Commonly 
Ascaris is known as roundworm, because this worm is round and elongated but pointed 
at both ends. Full scientific name is Ascaris 
lumbricoides. It is the most common intestinal 
roundworm in man, It belongs to the phylum 
Aschelminthes. It lives as an endoparasite in 
the lumen of small intestine of man. Ascaris 
lumbricoides is more common in children than 
in adults. As many as about 5000 adult worms 
may be found in a single human being. Male 
and female sexes are separate in the Ascaris Ascaris 
lumbricoides, and clear sexual dimorphism is 
present. The female Ascaris is about 20 to 40 
cm. (8 to 16 inches) long and about 6-8 mm in 
diameter and its posterior end is almost straight. 
The male Ascaris is comparatively smaller than 
female but the posterior end of the body is 


Pineal setae 


sharply curved in male. In a fresh specimen, Fig. 3.9 : Male and Female 
Ascaris lumbricoides is creamy or pinkish in Roundworm (Ascaris). 
colour. 


Causative Organism of Ascariasis : Ascaris lumbricoides (Roundworm). 

Host of A. lumbricoids : Man. 

Infective stage of Ascarias lumbricoides : Rhabditiform larva (Second juvenile), 
astage of the Ascaris parasite that is developed outside the body of man is the infective 
stage in the Ascariasis disease. 


3.8.1. MODES OF DEVELOPMENT AND TRANSMISSION OF ASCARIS 
LUMBRICOIDES 


The adult male and female worms copulate inside the intestine of host and the ova 
are fertilized. Soon after the fertilization, the fertilized eggs are encapsulated by chitinoid 
shells. Large number of fertilized encapsulated eggs are laid by the female worm 
inside the small intestine of host and from there they pass out of the host’s body along 
with the faeces of the host. Outside the host's body, these encapsulated eggs develop 
into the infective stage in the faeces of the host. 

(a) Development of infective stage to new host : These encapsulated eggs with 
infective stage (Second juvenile) are ingested by new host (man) along with food or 
water. But in the stomach of host there is no liberation of larva. When these are coming 
to the small intestine of the host, the shell of the eggs dissolve and the second juvenile 
stage is liberated. This juvenile stage is closely related to Rhabditis which is anematod. 
For this reason, it is known.as Rhabditiform larva. 

(b) Migration and development of larvae : These larvae bore through the intestinal 
wall of the host and enter to the hepatic portal vein and then come to the liver. From 
liver, they come to the right side of the heart through the post caval vein, From the 
heart, they are carried to the lungs via pulmonary arteries. In the lungs, two subsequent 
moults occur and the 4th stage larvae are developed. These larvae come to the throat 
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via bronchioles and trachea. From throat, they are swallowed into the oesophagus and 
ultimately, these larvae reach the intestine again. Here fourth moulting occurs and finally 
the larvae become adult. 


Com 


8-d old Rhabditiform larva 


Exclusion of 
Rhabditiform 
larvae from the egg 


Life Cycle 
of 
Ascaris 


Ascaris egg in the 
rectum of man 


Consumption of contaminated egg 
or vegetables (infested with larva) 


Fig. 3.10 ; Life cycle of Ascaris. 


3.8.2. MODES OF INFECTION 


Transmission of infective stage of Ascaris lumbricoides is direct without the 
intermediate host or vector. Man is the only final host. So this infective stage of 
‘Ascaris is transferred from man to man. Man is attacked by infective stage in various 
ways, such as (i) If the contaminated night soil of man is used as manure in the vegetable 
field, the embryonated eggs of Ascaris remain attached to these vegetables. If man 
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ingest these contaminated food materials without proper cleaning then man is easily 
infected by this worm. 

(ii) Sometimes the drinking water is contaminated by the infective stage of Ascaris, 
so man is infected through this polluted type of drinking water. 

(iii) Sometimes the soil is polluted by infective stage of Ascaris y if this type of 
infected soil remains attach to the nails of man and the man unconsiously placed the 
fingers inside the mouth and thus the infected larva enters to the intestine of man. 

(iv) Occasionally, the infected stage of Ascaris is floating on dust particles, During 
inspiration, they enter to the pharyngeal region of man and from there they easily enter 
to the intestine of man. 


3.8.3. SYMPTOMS OF ASCARIASIS 

The disease which is caused by Ascarias lumbricoides is known as Acariasis. In 
our country, the infection by this worm is more common in children than adult. Larval 
and adult both the stages of this worm are damaging the organs of man. As a result, 
symptoms of this disease are divided in two ways : 

[1] Symptoms caused by the Larval stages : 

(i) As a result of penetration of intestinal wall of man by the newly hatched larvae 
of Ascaris, haemorrhage, inflammation of intestinal wall, fever even anaemia may 
occur to man. 

(ii) Developed larvae when enter to lungs, may cause haemorrhage in the lungs 
which results in Pneumonia like condition, known as Loeffler’s Syndrome. 

(iii) Larval stages of Ascaris lumbricoides may carried to different organs through 
general circulation and damages those organs, such as brain, spinal cord, kidneys etc. 

[2] Symptoms caused by the adult Ascaris : 

(i) Adult worms are living inside the intestine of man and damaging the inner lining 
of intestine and cause peritonitis. 

(i) Sometimes as many as 500 to more than thousands adult worms may be present 
ina single host (man) where they cause abdominal dyscomforts and colicy pains along 
with vomiting. 

(iii) Sometimes large number of worms may block the passage of intestine and 
appendix and interfere with the digestion of man. 

(iv) Parasites may also produce toxins which may cause fever; pain in abdomen, 


insomnia etc. 

(v) Sometimes worms cause general nervousness, delirium or convulsions. 

3.8.4. CONTROL MEASURES OF ASCARIASIS 

This disease can be prevented by two ways, such as by prophylactic and by 
therapeutic. 

[1] Prevention by Prophylaxis : 

(i) Good sanitary conditions prevent the infection of the parasite. 

(ii) Green Vegetables specially root, stem, leaves, fruits etc., are to be cleaned properly 


before ingestion as food. 
(iii) Hands are to be washed properly before engulfing of food. 
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[2] Treatment by Medicines + 

(i) If a person is attacked by roundworm Ascaris, then the person will take the 
advice of a doctor. 

(ii) Several drugs are available which easily remove this worm. 

(iii) The drugs which are commonly used are hetrazan, piperazine citrate etc. 


3.9. Taeniasis 


‘The disease that is caused by Taenia in man is known as Taeniasis. This disease is 
mainly caused by two species, such as Taenia solium and Taenia saginata, They are 
commonly known as Tapeworms as they are segmented ribbon shaped worms. They 
inhabit intestinal tract of man as endoparasite. They have no alimentary system and 
absorb nutrition through their surface from the host. They 
Immatured A are included in the phylum Platyhelminthes. In case of 
Broglonid Taenia solium, developmental stages are taking place in 
the body of Pig ; hence this parasite is commonly known 
as Pork tapeworm and in case of Taenia saginata, the 
developmental stages occur in the body of cattle ; hence 
T. saginata is regarded as Beef tapeworm. Taenia solium 
occurs in most pork-eating persons and Taenia saginata 
occurs in most beef-eating persons. These parasites are 
regarded as digenetic parasites, as they require two hosts, 
such as man and pig in case of T. solium and in case of 
T. saginata man and cattle. 

Taenia saginata, a beef-tapeworm is several metres 
long, such as 4—8 metres ; but Taenia solium, a pork- 
tapeworm is not so large as beef-tapeworm, such as 2—3 
metres long. The anterior end of the worms is known as 
scolex. This pin head scolex is provided with suckers, for 
attachment to the human intestine. In case of Pork- 
tapeworm, the scolex has, in addition to suckers, two circular rows of hooklets anterior 
to the suckers, At the posterior end of the scolex, there is a short, narrow and 
unsegmented region which is known as neck. New segments are developed from neck. 
So neck region is known as proliferative zone or growth zone. Behind the neck there 
is a bulk of the segmented body known as strobila. In case of I. saginata the strobila is 
formed by 1000—2000 segments but in T. solium 800—1000 segments. These segments 
are known as proglottides. These proglottides are of three types, such as immature, 
mature and gravid. In each mature proglottides, both male and female reproductive 
organs are present. Hence Taenia is hermaphrodite. 

@ Causative Organisms of Taeniasis ; Taenia solium (Pork-tapeworm) and Taenia 
saginata (Beef-tapeworm). 

© Hosts of tapeworms : (i) In case of T. solium : Man (Definitive host or Primary 
host) and Pig (intermediate host or secondary host). 

(ii) In case of T: saginata ; Man (Definitive host or Primary host) and Cattle 
(intermediate host or secondary host). 

o Infective stage of tapeworms : Cysticercus stage which is developed in the 
intermediate host is the infective stage to man. 


4 


Q 


{ 


Fig. 3.11 : Tapeworm 
(Taenia solium). 
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3.9.1. MODES OF DEVELOPMENT AND TRANSMISSION OF 


TAPEWORM 


Generally single tapeworm is residing in the lumen of alimentary canal of a primary 
host (Man), So self-fertilization occurs in the same proglottid of the tapeworm and 
fertilization takes place in the Ootype of the female organ. Fertilized egg develops a 
thick hard radially striated embryophore, inside of which the embryo is developed. 
This embryo contains six chitinous hooks. This six-hooked embryo is called hexacanth 


(hexa=six, canth=hook). 

The hexacanth embryo 
together with basement 
membrane, embryophore and the 
outermost egg shell constitute the 
onchosphere. Onchosphere later 
on loses its outermost thin shell 
membrane. Hence the 
embryophore remains as an 
outermost covering of the 


Evagination 


Fig. 3.12 : Transmission of tapeworm. 


onchosphere. So 30 to 40 thousand onchospheres are formed in the lateral branches of 
the uterus, by the time the mature proglottides become gravid proglottides. 
Gravid proglottides in groups of 5—7 are detached from the terminal part of the 
strobila which is known as apolysis and passout with the faeces of man (primary host). 
@ Transference of Onchosphere and formation of Cysticercus stage to 


Secondary host (Pig): 


Invagination and evagination of 


Scolex in human stomach 


Eating of 


unboiled pork 


Cysticercus 
cellulose in 
pork 


Fig. 3.13 : Life cycle of Tapeworm. 


Adult Taenia Solium 


Gravid proglottid with 
branched uterus 
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The gravid proglottides or onchospheres may be eaten by secondary or intermediate 
host (pig) due to its coprophagus habit. Then the membranes of the onchospheres are 
dissolved in the stomach and intestine of the pig and the hexacanth embryo is released, 
The hexacanth embryo bores through the intestine and enters into the blood vessel of 
pig. The embryos circulated through the heart and finally reach the voluntary muscles 
of the body of the pig. In the muscles of neck, shoulder and thigh the hexacanth embryos 
develop into the cysticercus or bladderworm stage. The name bladderworm is due to 
its blodder like appearance. As the cysticercus is covered by a cellulose wall, itis also 
known as cysticercus collerlosae. These cysticerci containing flesh of pig is known as 
measly pork. 

@ Infection to Primary host (Man) : The parasite, cysticerci is finally transferred 
to the main host (man) by ill cooked measly pork. So the cysticercus is the infective 
stage to man. Within the intestine, the bladder of the cysticercus is thrown off and the 
scolex gets attached to the intestine of man. Afterwards, the parasite starts growing and 
new segments or proglottides are developed. About 2—3 months, the Taenia becomes 
matured. Subsequently, develops gravid proglottides. 


3.9.2. MODE OF INFECTION 


(i) In case of pork eaten persons, the eysticereus is transferred when half cooked or 
under cooked or raw measly pork is eaten by man. Because in half cooked measly 
pork, the cysticerci are not being destroyed. When the measly pork enters into the 
stomach of man, the cysticerci are released from the muscles. Now the cysticercus 
enters to the small intestine and anchors to the intestinal wall. 

(ii) Self infection in man by the contaminated food or fingers or by regurgitation 
of ova with onchosphere stage from the intestine. In the stomach the shells of ova are 
digested and the larvae, liberated from the eggs, penetrate the intestine of man and are 
carried to many parts of the body where they develop and form cysticerci. However, 
cysts may also develop in the brain of human being. 


3.9.3. SYMPTOMS OF TAENIASIS 


Generally single tapeworm is residing in the intestine of man ; though more than 
one tapeworm may be present. The disease that is caused by Taenia in man is known as 
Taeniasis. Symptoms are given below : 

[1] Pain in the abdomen is a persisting problem. 

[2] Nausea is present. 

[3] Indigestion also occurs. 

[4] Reduction and occlusion of the lumen of intestine also occur ; as a result, the 
free movement of food is disturbed. 

[5] Anaemia appears. 

[6] Nervous disorders like epilepsy may be present due to cerebral Cysticercosis. 

[7] The hooks and suckers of parasite may cause mechanical irritation in the intestine 
of host. 


3.9.4. LABORATORY DIAGNOSIS 


The examination of stool gives the diagnosis of adult Taenia in the human intestine. 
[1] Identification of characteristic eggs such as radially striated embryophore with 
hexacanth embryo, in the stool under microscope indicates an infection with Taenia. 
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[2] Naked eye examination of faeces often shows whitish segments which when 
pressed between two slides and looked under a hand lens, shows characteristic 8 to 10 
lateral branches of uterus and these help in diagnosis of the Taenia solium. 

[3] After an anthelmintic drug, scolex may be found in the stool and shows the 
characteristic suckers with rostellum and double rows of hooklets. 


3.9.5, PREVENTION AND TREATMENT 


© The following preventive measures are essential, 

[1] Consumption of half-cooked or under cooked measly pork should be avoided, 
instead proper cooking of pork should be done. 

[2] Proper care of pig should be taking so that they cannot get chance to consume 
the infected human faecal matter, ie., scientific rearing. 

[3] Faeces of infected persons should be disposed of properly and to be destroyed 
properly. 

[4] The measly pork should be kept in refrigerator or covered by block of ice for 
some time before cooking, so that cysticerci will be killed in this cold environment. 

® Treatment : 

If a person has aleady been infected by this parasite, he or she will have to take the 
advice of a doctor. This infection can be tackled by anti-helminth drugs, such as 
Mepacrine, camoquin, Hetrajan etc. 


3.9.6. DIFFERENCES BETWEEN TAENIA SOLIUM AND TAENIA 
SAGINATA 


Characteristics | T Solium | T. Saginata | 


1. Secondary host Pig. Cow. 
2. Length . 3-4 m. 1000—2000 
3. Number of proglottids. 800-1000 . 1000—2000 


4. Discharge of proglottid. . 4-5 at a time. one ata time, 
5. Scolex : Adult with hooks. without hooks. 
6. Scolex : Cysticercus . Rostellum with hooks. | 6. No rostellum. 
T. Proglottids : Uterine branches. | 7. 5-6 10—12 


3.10. Matters to Recollect 


Vector of diseases: Three types of mosquitoes, Anopheles, Culex and Aedes are 
acting as vectors. Male mosquitoes are not acting as vector rather the female 
mosquitoes are acting as a vector of diseases because they have piercing and 
sucking mouth parts. 

r Food of mosquitoes : Female mosquitoes depend on the blood of man and other 
mammals but male mosquitoes take fluid sap from the leaves or fruits of plants, 

E Life cycle of mosquitoes : In all types of mosquitoes there are four stages in the 

life cycle, such as egg, larva, pupa and adult. Females lay fertilized eggs in a 
stagnant water. Larva hatches from the egg. Larval period is the feeding stage and 
they feed on algae and microorganisms in the aquatic medium. The pupa moves 
in water and it is non-feeding stage. Pupa is metamorphosed to adult stage and 

they are feeding stage. ‘ 

‘Transmission of diseases : Three types of female mosquitoes (Anopheles, Culex 


53—38 
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and Aedes) are transmitting five types of diseases (malaria, filaria, dengue, yellow 
fever and encephalitis) as biological vector. The common of which is the malaria. 
The causative organism of malarial disease is Plasmodium. 

tS Prevention of diseases: Three important measures are, destruction of vector 
(mosquito), prevention of infection and treatment of infected person. 

t& Ascariasis : The disease which is caused by Ascaris in manis knownas Ascariasis. 
The full scientific name is Ascaris lumbricoides and the common name of which 
is roundworm which belongs to the phylum Aschelminthes. The parasite lives as 
an endoparasite in the lumen of small intestine of man. Male and female sexes are 
separate. Man is the single host of this parasite. 

Large number of Ascaris cause abdominal discomforts, colic pains and interfere 
with the digestion of man. š 

t3 Taeniasis : The disease that is caused by Taenia is known as Taeniasis. Taenia 
solium and Taenia saginata both are segmented and ribbon shaped ; so they are 
commonly known as Tapeworms which are included under the phylum 
Platyhelminthes. In both the cases the primary host is man but the larval or 
developmental stages occur either in pig or cattle. In case of Taenia solium, 
Jarval stages occur in the body of pig hence this type of parasite is known as 
Pork-tapeworm ; but in Taenia saginata, the larval stages occur in cattle ; hence 
this parasite is known as Beef tapeworm. In tapeworms, the infective stage of 
man is the eystieereus which occurs in the intermediate or secondary host. 
Cysticerci are transferred to man either through half cooked or under cooked 
infected pork or cattle. Abdominal pain, nausea, indigestion and anaemia are the 
persisting problem to infected man. 


3.11. Summary 


The mosquito is very important in the field of medical zoology, as it spreads 
various kinds of diseases in man. | 

Out of the various types, only three types of mosquitoes are available in our 
country namely Anopheles, Culex and Aedes. These three genera of mosquitoes 
are acting as vector of the diseases. 

In the life cycle of mosquitoes there are four stages, as in other insects and these 
stages are egg, larva, pupa and adult. Except adult, all the three stages are spending 
their lives in water. 

Larva and pupa of mosquito both are motile ; pupa though motile yet it is non- 
feeding stage. 

Female Anopheles transmits the malarial fever in man and it carries the malarial 
germ known as Plasmodium which belongs to the phylum Protozoa. Four species 
of Plasmodium create malarial fever in man. The infective stage of malarial parasite 
(Sporozoites) enters to the blood of man during the act of biting by female Anopheles. 

Female Culex mosquitoes carry the parasitic worm which is under the phylum 
Aschelminthes known as Wuchereria bancrofii ; commonly it is called filarial worm. 

This parasite creates a disease in man known as filariasis. This disease spreads 
through female Culex mosquito. In addition to this, the Culex also carries a virus 
that creates encephalitis in man. 
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Female Aedes mosquito is responsible in spreading of diseases of Yellow fever 
and dengue fever in the human body. These two diseases are also caused by virus. 

Control of mosquitoes must be done through the destruction of adult and larval 
stages, mainly by insecticides and personal protections from the biting of mosquito 
are to be undertaken. Infected person must be treat with medicines. 

Ascaris lumbricoides is aroundworm where sexual dimorphism is present, Male 
and female Ascaris are long and pointed on both ends. But in case of male, the 
posterior end is sharply curved. In fresh specimen, they are creamy or pinkish in 
colour. The adult parasite resides in the human intestine of man. The infective stage 
is transferred through contaminated food or water to new host (man) which is the 
final and only host. Development of the infective stage takes place in the different 
organs of a man and finally comes to the intestine of man. Larval as well as adult 
Ascaris are damaging the organs of man. They cause abdominal dyscomforts and 
colicy pain along with vomiting. They cause general nervousness and delirium. 
Good sanitary conditions and proper cleaning of vegetables are to be done to prevent 
the infection of the parasite. 

Taenia solium and Taenia saginata mainly these two species cause a disease 
known as Taeniasis. These are commonly known as Pork tapeworm and Beef 
tapeworm respectively. They are hermaphrodite. They need two hosts (man and pig 
or man and cattle) to complete the life cycle. In both the cases man is affected by 
adult worms. Larval stages occur either in pork or cattle. In case of Taeniasis, pain 
in abdomen, nausea, indigestion along with anaenia and nervous disorders are 
observed. In case of preventive measures, following steps are to be taken proper. 
cooking of flesh and scientific rearing of pig and cattle. If man is attacked by these 
parasites, he will take the medicine by the advice of a doctor. 


3.12. Naming/Discovery/Discoverer 


[1] Alphonse Laveran (1880): He was a French military surgeon. He discovered 
the malarial parasite in an unstained preparation of a fresh human blood. 

[2]. Marchiafava (1883) : He found the ring-forms of malarial parasite by using a 
dried blood film stained with methylene blue. 

[3] Golgi (1885) : He discovered the course of development of Plasmodium 
malariae and Plasmodium vivax in the human blood. 

[4] Romanowsky (1891) : He introduced his new method of staining which greatly 
helped in the study of the morphological characters of the malarial parasites. 

[5] Maccallum (1897) : He discovered the fertilization of the macrogamete. 

[6] Ronald Ross (1898): While working in Kolkata, he made the epoch-making 
discovery about the method of transmission of malaria. The mosquito was 
responsible for the transmission of malaria. He became famous for this discovery. 

[7] Garnham (1948): He discovered the ‘exo-érythrocytic’ development of 
Plasmodium in the liver. 

[8] Demarquay (1863) : He found the larval form ( Microfilaria) in the hydrocele 
fluid of a man from Havana (Cuba). á a 

[9] Wucherer (1866) : He discovered the larval form (Microfilaria) in chylous 
urine. i 
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Lewis (1872) ; He found the larval form of filarial worm in human blood in 
Kolkata. 

Manson (1875): He demonstrated the relationship of microfilariae in blood 
and urine with the elephantiasis and lymph scrotum. Manson (1878) also 
observed that the mosquito (Culex fatigans) was the intermediate host of the 
filarial parasite. Manson (1879) demonstrated the nocturnal swarming of 
microfilariae in the human peripheral blood. 

Bancroft (1876) : He discovered the adult females of Filaria in Brisbane 
(Australia). 

Bourne (1888) ; He first described the adult males of Filaria, 

Fairley (1931) : He introduced the serological and intradermal tests for the 
diagnosis of filarial infection. 

Harrison and Sewell (1991) : They reported that the parasite 7. saginata appears 
to be specific to cattle as an intermediate host. 

Fan (1988) ; He gives a figure of less than 10 uterine branches in a gravid 
proglottid of T. solium. 

Flisser (1988) ; He reported that autopsies of peoples of Mexico show a clinical 
incidence of cysticercosis of 7%. 

Earnest er al (1987) : He made a valuable review that the larva (cysticercus) of 
T- solium can also develop in man (as a result of ingesting eggs) causing a 
disease of the nervous system. These include seizure, cranial nerve palsy, stroke, 
paralysis or a combination of syndromes. 

Pilitt ef al (1981) ; Described the external characteristics of the 4th and Sth 
larval stages of Ascaris lumbricoides. 


3.13. Answer To Special Questions 


111 
Ans. 


[2 


= 


Ans. 


[3] 
Ans. 


What is a Vector ? How does it differ from a pest ? 

The animal that acts as a carrier of disease producing germs (parasites) for 
transmission (of disease) from one host to another is known as vector. 

Unlike the vectors, pests cause economic harm, directly or indirectly to human 
beings by damaging human properties, crops/stored grains at a considerable 
degree, 

Write the Scientific name of a vector. Mention the different stages of its 
life cycle. 

Scientific name of a vector (mosquito) : Anopheles stephensi or Anopheles 
minimus or Culex fatigans or Aedes aegypti. 

Stages : Egg, Larva, Pupa and Adult. 

Duration : Egg:2to3days, Larva; 5 to 7 days, Pupa: 2 to 3 days. Adult: 
about one month. 

State the methods for the control of the vector. 

Following measures are taken for the control of mosquito (vector). 

[a] Protection from mosquito bites : Use of mosquito net or repelents. 

[b] Destruction of the breeding place : Filling or cleaning of small ditches or 
ponds or swamps. 

[c] Destruction of mosquito larva : Spraying of kerosene or Petroleum oil or 
insecticide on breeding places. 


[4] 
Ans. 


[5] 
Ans. 


[6] 
Ans; 


(7) 
Ans. 


[8] 
Ans. 
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Ans. 
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Ans. 


[12] 
Ans. 


[13] 


Ans, 
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[d] Destruction of the adult: Spraying insecticides, such as DDT or BHC or 
Dieldrin etc., on bushes or weeds around human habitations. 

[e] Biological control : Certain fishes are eating larva or pupa of mosquito ; so 
they are released in the breeding water. 

[f] Genetic Control: Sterilization of female mosquitoes are done, as a result 
male mosquitoes are gentically controlled. 

Why a male Anopheles mosquito cannot suck human blood ? 

Mouth apparatus of male Anopheles neither can penetrate the skin of human 
body nor suck human blood, because the proboscis of male mosquito is blunt 


and feathery. 

Name the vector and parasite of Dengue fever. 
Vector : Aedes (female mosquito). 
Parasite : Dengue Virus. 


What is microfilaria ? 

Itis the first-stage juvenile of filarial worm which is ovo-viviparous and usually 
found in the blood or tissue fluid of the definitive host (man). 

What is elephantiasis ? 

Elephantiasis can be defined as a disproportionate swellings of limbs or affected 
parts of the body due to continuous inflammation of lymph vessels. Filarial 
worms create obstruction causing the adjoining tissue to swell enormously. 
What is ‘Signet Ring’ stage ? 

Merozoites of Plasmodium sp. on entering into erythrocytes, grow at the expense 
of its cytoplasm and haemoglobin and transform into a rounded trophozoite. It 
encloses a space in itself and the nucleus is pushed to one side forming the 
‘signet ring’ stage. 

Distinguish between : Eggs of Anopheles and eggs of Culex. 

Eggs of Anopheles ; Each egg occurs singly and floats separately on water 
with the aid of a ‘float’. Each egg is boat like. 

Eggs of Culex : Eggs are cemented together and floats in the form of an 
aggregate or in cluster on water. ‘Float’ is absent, Each egg is cigar-shaped. 
What is the difference in food habit between a male and female Anopheles ? 
Food habit of males : They are taking juices from fruit, leaves etc. 

Food habit of females : They are sucking blood from animal bodies, 

How Plasmodium affects blood ? 

Merozoites enter into the erythrocytes, reproduce there and the daughter cells 
come out by bursting the erythrocytes. This process is repeated causing death 
of erythrocytes ; as a result, there is an anaemia of the host. 

Where do the filarial worms reside in human body ? 

Filarial. worms reside in the Lymph nodes and lymphatic, vessels at the 
extremities of the human body (host) like leg, hand, mammary gland, scrotum 
etc. 

Who discovered that the female Anopheles is the vector of Plasmodium ? 
Where did he make this discovery ? 

Ronald Ross discovered that the female Anopheles mosquito acts as a vector of 
malarial parasite. 
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He worked and discovered this ‘from P.G. Hospital (now named as SSKM 
Hospital) at Kolkata. 
(a) What does the word ‘malaria’ literally mean ? (b) Name four species of 
malarial parasites known to infect man, (c) Name the vector of malarial 
parasites. (d) In which class malarial parasites belong ? 
(a) The word ‘malaria’ is derived from two Italian words, mala (bad) and aria 
(air) meaning “bad air“. 
(b) Four Species of malarial parasites to man: 

(i) Plasmodium vivax 

(ii) Plasmodium malariae 

(iii) Plasmodium falciparum 

(iv) Plasmodium ovale 

(c) Different species of female Anopheles mosquito. 

(d) Class : Sporozoa. 

(a) Name the parasites causing Sleeping sickness, Kala-azar, Benign tertian 
malaria and malignant malaria. (b) What is cyclopropagative transmission ? 


Name of Diseases 


1. Sleeping sickness 1. Trypanosoma gambiense 
2. Kala-azar 2. Leishmania donovani 

3. Benign tertian malaria 3. Plasmodium vivax 

4. Malignant malaria 4. Plasmodium falciparum 


[b] The type of biological transmission when the pathogenic organism not only 
multiply but also undergo cyclical changes in the host body is known as 
cylopropagative transmission, e.g., Malarial parasite. 

Write brief notes on Tiger mosquito. Why Aedes is called a tiger mosquito? 
Tiger mosquito is scientifically known as Aedes aegypti. This mosquito acts as 
a vector of dengue, yellow fever and encephalitis diseases in man and cattles. 
Tiger mosquito is small in size and the sitting posture is horizontal. Wings are 
without any stripes or spots. They do not produce any sound. Normally they are 
found at day time and early evening. Aedes is commonly known as tiger mosquito 
due to tiger-like appearance of their body and legs colouration by the presence 
of alternately light and dark stripes. 

In malaria, why fever and chills occur ? 

Fever is due to release of cytokines from macrophages and toxins at the time of 
schizont rupture. Chill is due to loss of heat controlling activity of hypothalamus. 
(a) Name the germ causing kala-azar. (b) Name the fly carrying ‘kala- 
azar’ germ. (c) Which stage of malarial parasite enters in the mosquito 
during sucking of blood from an infected man ? (d) Which stage of the 
malarial parasite is transmitted from the mosquito to man ? 

(a) The name of the germ is Leishmania donovani. 

(b) Name of the fly is Sand fly (Phlebotomus sp.). 

(c) Gametocytes (male / female or macro and micro) and or any stage of 
erythrocytic cycle may enter into mosquito. 


{19] 
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(d) Sporozoite stage of the malarial parasite enters to the human body from the 
female Anopheles sp. mosquito. 


(a) Give the scientific name of the organism causing the disease 
‘elephantiasis’ (b) Describe the mode of transmission of the disease. 


. (a) Scientific name: Wuchereria bancrofti. 


(b) The disease is transmitted mainly by the female species of Culex mosquito. 
The worms live in the blood or lymph of the human body. The larvae are found 
in the lungs and deeper blood vessels during the day time but these worms 
come in the superficial blood vessels when the infected person is in rest during 
the night ; during feeding time at night female Culex mosquito may draw in 
some of them With the infected blood. The sheathed larvae become unsheathed 
in the intestine of the female mosquito and undergo several changes and are 
released in the haemocoel of the mosquito. Then these worms migrate to the 
thoracic muscles and ultimately they reach the salivary gland of the mosquito. 
The infective forms remain in pairs in the proboscis sheath for onward 
transmission to a new. host (man). When the female Culex mosquito takes the 
blood meal from normal human body at night then these infective forms of the 
parasite are deposited on the skin of the new host (man). Then these infective 
forms penetrate through the skin either through the wounds produced by the 
female mosquito or through the wounds produced by the stylets of the worms. 


What is the stage responsible for developing symptoms of malaria in 
human? Give reasons. j 

The stage is erythrocytic merozoite, 

Reasons : When the infected RBC bursts, merozoites are set free and releases 
toxic substance in the blood stream. This causes shivering and high fever. 


What are anthropophilous and zoophilous mosquitoes ? 
Anthropophilous mosquito prefers human blood but the mosquitoes which prefer 
blood of animal other than man are known as zoophilous. 


Which element of blood is favourable for growth of mosquito eggs ? 
Proteins of blood. 

What do you mean by biological vector and mechanical vector ? 
Biological vector : When the germs multiplied or transform their body inside 
the vector then this type of vector is known as biological vector, as it is observed 
in female mosquito. So the female mosquito is regarded as the biological vector. 
Mechanical vector : There are certain vectors where the germs are attached to 
the outside of their body, such as in legs and thus transmit the germs from one 
person to another, This type of vector is known as mechanical vector and it is 
observed in case of housefly. So the housefly is known as mechanical vector. 


Mention the diseases that are transmitted through mosquitoes. 


. (i) Anopheles female mosquito ; Malaria, 


Gi) Culex female mosquito : Filaria and encephalitis. 
Gii) Aedes female mosquito : Dengue fever and yellow fever. 
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[25] Mention the different types of malaria with their causative organisms, 


Ans. 
Types of Malaria 


1. Benign tertian malaria. 1. Plasmodium vivax. 
2. Malignant tertian malaria. 2. Plasmodium falciparum. 
3. Quartan malaria. 3. Plasmodium malariae. 

4. Mild tertian malaria. 4. Plasmodium ovale. 


[26] How will you identify the microfilariae of W. bancrofti ? 

Ans. Microfilariae, as seen in blood films, show certain diagnostic characters. One 
of the most striking of these is the presence or absence of a sheath. This sheath 
is a delicate, closely fitting membrane, probably the egg-capsule, which is 
detectable when it projects beyond the head or tail of the larva. 

[27] What do you know about the periodicity of microfilariae of W, bancrofti ? 

Ans. The appearance of the microfilariae in the peripheral blood exhibits nocturnal 
periodicity. Microfilariae reach their maximum concentration in the peripheral 
blood about midnight and then they are transmitted by night-biting mosquitoes. 
The behaviour of microfilariae appears to be adapted ‘to promote transmission 
by arranging the maximum number of microfilariae in the peripheral blood at 
times when the mosquito vector (mainly Culex pipiens) is likely to bite’. 

[28] (a) Why do you consider Taenia solium an endoparasite ? (b) Name the 
diseases caused by Taenia. (c) What is measly pork ? (d) What is Taenia 
saginata ? [J.E.E. 1999] 

Ans. (a) Taenia solium is considered as an endoparasite for the following reasons. 
(i) Sexual form of Taenia solium occurs in the intestine of man. 

(ii) Asexual forms are present in the muscle of pig or in the exceptional cases in 
the muscle of man. 

(b) Diseases are—(i) Taeniasis, (ii) Cysticercosis, (iii) Reduction and occlusion 
of the lumen of intestine, (iv) Anaemia and (v) Gastric disturbances leading to 
regurgitation of gravid proglottids. 5 

(c) Cysticercus (Bladderworm) infected pork muscle is known as measly pork. 
(d) Taenia saginata / Taenia saginatum is a parasitic tapeworm of beef. 

[29] What do you mean by definitive host and intermediate host ? 

Ans. (a) Definitive host : It harbours the adult or trophozoite stage of the parasite or 
where the parasite reproduces sexually. Example—Man, Dog. 

Intermediate host : It harbours the larval stages of a parasite. Example—Pig, 
Mosquito. 

[30] (a) What is Scolex ? (b) How it differs from the Proscolex ? 

Ans. (a) A small pin-head like structure which is situated on the anterior end of the 
tapeworm is known as Scolex. 


(b) 


[31] 
Ans. 


[32] 


Ans. 


[33] 
Ans. 


[34] 


Ans. 
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Ans. 
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Ee Proscolex 


1. Scolex is the head of an adult tapeworm} 1. Proscolex is the hollow knob- 
like structure of the bladderworm 
stage of tapeworm. 

2. Proscolex is developed in the 
invagination part of the bladder- 
worm stage. 

3. Inside the proscolex, there are 
rostellum, hooks and suckers. 


Distinguised between Onchosphere and Hexacanth ? 

Six-hooked embryo is called hexacanth. The hexacanth embryo is covered by 

radiating embryophore along with an outermost egg shell. These coverings along 

with the hexacanth is known as onchosphere. 

What are the common nemathelminthes and platyhelminthes found in 

man? [J.E.E. 1991] 
Nemathelminthes : 

(i) Ascaris lumbricoides, (ii) Ancylostoma duodenale, (iii) Enterobius 
vermicularis, (iv) Wuchereria bancrofti, (v) Trichinella spiralis, (vi) Dracunculus 
medinensis, (vii) Loa loa. 

Platyhelminthes : 

(i) Taenia solium, (ii) Taenia saginata, (iii) Fasciola hepatica, (iv) Echinococcus 
granulosa, (v) Hymenolepis nana, (vi) Diphyllobothrium latum. 

What are the intermediate hosts of the platyhelminthes? IJ. E. E. 1991] 
Pig is the intermediate host of Taenia solium. Cow, pig, man, sheep, snake, 
fish, cyclops etc., are the intermediate hosts of different species of the 
platyhelminthes. 

Which part of the gastro-intestinal (G.I) tract does the parasite Taenia 

solium resides in man ? 

This parasite resides in the Small intestine of man. 

What are the utilities of apolysis in T. solium ? 

(i) Embryos in the gravid proglottids are getting chance for transference to 
Secondary host (Pig), (ii) Due to the phenomenon of apolysis, the length of the 
parasitic tapeworm is maintained, 

What do you mean by protandrous condition in Pork tapeworm ? 

This parasitic animal though hermaphrodite yet in the first hundred mature 
proglottids only the male reproductive organs are developed before the 
development of female reproductive organs. This condition of the parasitic 
animal is called protandrous. 

Where actually the fertilization takes place in the adult T. solium ? 
Fertilization takes place in the Ootype. 

What is meant by cysticercus cellulosae ? : 
The hexacanth embryo is transformed into a fluid-filled vesicle or bladder-like 
structure in the voluntary muscle of pig. This embryo is now known as cysticercus 
or bladderworm stage. It is thought that there is a wall of cellulose in cysticercus ; 
on the basis of this ideas the embryo is also called as cysticercus cellulosae. 


2. Scolex is developed from proscolex. 


3. Scolex is provided with rostellum, 
hooks and suckers on the outer surface. 
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How the hexacanth embryo is set free from onchosphere ? 

Onchospheres enter the stomach of secondary host (pig) along with the human 
faecal matter. On coming to the stomach, the onchospheres loose their 
embryophore and basement membrane by the action of acidic part of gastric 
juice of pig. The hexacanth embryos are now set free. 

How the hexacanth embryo enters to the blood vessel of pig ? 

When the free hexacanth embryo enters to the small intestine of pig, the 
hexacanth is attached to the inner lining of epithelium of small intestine of pig 
by their six hooks, Now the two penetration glands which are situated between 
the hooks secrete a substance. This secretion helps to dissolve the intestinal 
epithelial lining and the hexacanth easily penetrate the intestinal wall and enters 
to the intestinal blood vessel. 5 
Mention the route of migration of hexacanth within the Secondary host 2 
The intestinal blood vessels carry the hexacanth embryos to the hepatic portal 
vein. From the hepatic portal vein, the embryos enter the heart via hepatic vein 
and inferior vena cava. From the heart, the embryos enter to the arterial 
circulation and ulimately these hexacanth embryos come to the voluntary or 
striated muscle of pig. Generally these hexacanth embryos settle specially in 
the muscle of neck, shoulder and thigh of pig. 

What are taeniasis and cysticercosis ? 

An infection due to an adult Taenia in man is referred to as taeniasis and that 
due to the larval stage as cysticercosis. 

How neurocysticercosis develops in man ? 

Accidentaly if the eggs of Taenia solium are ingested by man through 
contaminated food or drink, then these eggs can also develop into cysticerci in 
their body. In man, when the brain is invaded by cysticercus the resulting disease 
is referred to as neurocysticercosis. 

Mention the major function of the scolex. [J.E.E. 2001] 
Anchorange. 

(a) What is Ascariasis ? (b) Mention the full scientific name of this parasite. 
(c) Write the infective stage of this disease. 

(a) The disease which is caused by an adult Ascaris in man is known as 
Ascariasis. 

(b) Full Scientific name: Ascaris lumbricoides. 

(c) Infective stage ; Rhabditiform larva or 2nd. juvenile stage. 

How the infective stage of Ascaris lumbricoides is transferred to man ? 
Transmission of infective stage of Ascaris is direct without the intermediate 
host or vector, Man is infected through the polluted drinking water or polluted 
food and sometimes through the polluted nails. 

What are the symptoms that are caused by adult Ascaris lumbricoides ? 
Symptoms are : 

(i) Abdominal dyscomforts, colicy pains and vomiting. 

(ii) Parasites may block the passage of intestine and thus interfere with the 
digestion of man. 

(iii) Parasites produce toxins which may cause fever, pain and insomnia. 
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[48] How will you prevent yourself from Ascariasis by prophylactic measures ? 
Ans. Following prophylactic measures are to be taken— 

(i) Good sanitary conditions. 

(ii) Green vegetables are to be cleaned properly. 

(iii) Hands are to be washed properly before ingestion. 

[49] What do you mean by primary host and secondary host ? 

‘Ans. The host, within whose body the sexual cycle of parasite occur is known as 
primary host ; for example—Man is the primary host of Taenia and female 
Anopheles mosquito in the primary host of Plasmodium. 

The host, within whose body the asexual part of life cycle of parasite occur is 
known as secondary host ; for example—Pig is the secondary host of Taenia 
solium and man is the secondary host of malaria parasite. 


po ee EXERCISE m 2222252 mmm 
@ A. Essay type: 
[1]. Write the name of two common diseases in West Bengal which are spread by mosquito. 
Write the scientific name of those two mosquitoes. Write briely about the transmission of those 


two diseases. (Ans. 3.5, 3.5.1, 3.6) 
[2], What is vector ? How is malaria transmitted to man ? Which genus of mosquito infect malaria 
in man ? How can malaria be controlled ? (Ans, 3.1, 3.5.1. & 3.5.4) 


[3] (a) Write the scientific names of insects which carry the causal organisms of malaria and filaria. 
(b) How these two diseases are transmitted ? (c) How can you control mosquito ? 
(Ans. 3.3.1., 3.5.1., 3.6 & 3.7) 
[4] What is meant by medical zoology ? Why mosquito is called as a vector of the diseases ? Write 
scientific names of any two types of mosquitoes and describe the process of transmission of the 
malarial disease. (Ans. 3.2., 3.5., & 3.3. 3.5.1) 
[5] (a) What is the difference in food habit between a male and female Anopheles ? (b) How 
Plasmodium affects blood ? (c) Where do the filarial worms reside in human body ? 
[J.E.E. 1987] (Ans. 3.13.) 
[6]. (a) Why a male Anopheles cannot suck blood ? (b) What is signet ring (e) When are the 
microfilaria found the superficial blood circulation ? [J.E.E. 1988] (Ans. 3.13. & 3.6) 
7] What is the cause of Dengue fever and who is the vector of the disease ? (b) Where do the 
filarial worms live in human body ? [J.E.E. 1989] (Ans. 3.13) 
[8]. (a) Who discovered that the female Anopheles is the vector of Plasmodium ? Where did he 
make this discovery ꝰ (b) Name three chemicals which are commonly used to kill mosquito. 
[J.E.E. 1989] (Ans. 3.13) 
[9] Give the scientific name of the organism causing the disease ‘elephantiasis’. Describe the 
mode of transmission of the disease. IJ. E. E. 1990] (Ans. 3.13) 
[10] (a) Name a mosquito-borne protozoan disease of man. Name the mosquito and the protozoa. 
(b) In which morphological form it enters human body ? (c) In which morphological form it 
enters the mosquito ? (d) Why Aedes is called a tiger mosquito ? II. E. E. 1991] (Ans. 3.13) 
[11] (a) What is a vector ? (b) How does it differ from a pest ? (c) Write the scientific name of a 
vector. (d) Mention the different stages of its life-cycle. (e) State a method for the control of the 
vector. IE. E. 1993] (Ans. 3.13) 
[12] (a) Why a male Anopheles mosquito cannot suck human blood ? (b) Name the vector and 
parasite of Dengue fever. (c) What is elephantiasis ? (d) What is ‘Signet Ring’ stage ? 
[J.E.E. 1997] (Ans. 3.13) 
[13] (a) Who discoverd that the female Anopheles mosquito is the vector of Plasmodium ? 
(b), Which stage of organism is transmitted from the mosquito to human 2 (c) What is the stage 
responsible for developing symptoms of malaria in human ? Give reasons. (d) Which stages 
are transmitted from human infected with malaria to a mosquito? II E. E. 1998] (Ans. 3.13) 
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(a) Name the parasites causing sleeping sickness, kala-azar and benign tertian malaria. 
(b) What is cyclopropagative transmission ? (c) Write brief notes on : (i) Tiger mosquito, 
(ii) Signet ring. [J.E.E. 1999] (Ans. 3.13) 
(a) Name the germ causing ‘Kala-azar’. (b) Name the fly carrying Kala-azar germ. (c) Why 
Ronald Ross is famous ? (d) Which stage of malarial parasite enters in the mosquito during 
sucking of blood from an infected man ? (e) What is ‘signet ring’ ? (f) What is microfilaria ? 
[J.E.E. 2000] (Ans, 3.13) 
What is ‘vector’ ? Mention the name of the vector of malignant malaria. Name the different 
types of malarial parasites of man. How malaria is controlled? Write the scientific name of the 
parasite causing Filaria. (Ans. 3.13) 
(a) Name the vector of malarial parasite. (b) Why male mosquito cannot transmit malaria ? 
(c) In malaria, why fever and chills occur ? (d) Which element of blood is favourable for 
growth of mosquito eggs ? (e) What are anthropophilous and zoophilous mosquitoes ? 
z IJ. E. E. 2001] (Ans. 3.7) 
Write a brief note on the vector control measures for prevention of malaria, 
JE. E. 2001] (Ans, 3.7) 
State the names of primary and secondary hosts of Taenia solium and Taenia saginata, Draw 
and describe the structure of Onchosphere of Taenia solium. How do the hexacanth embryo 
passes from the intestine of pig to its blood stream ? (Ans. 3.9., 3.9.1) 
(a) Which part of the G. I. tract does the parasite T. solium resides in man ? What is measly 
pork? What is apolysis ? (Ans. 3.9.1) 
What are the Common Nemathelminthes and Platyhelminthes found in man ? What are the 
intermediate hosts of the platyhelminthes ? Narrate the process of transmission of T. solium 
from the primary host to the secondary host. (Ans. 3.13, 3.9.1) 
What is the scientific name of Pork tapeworm ? Write the pathogenic effect of Taeniasis. How 
will you confirm by laboratory tests that a man is suffering from the attack of Pork tapeworm? 
(Ans. 3.9, 3.9.3, 3.9.4) 
What is Ascariasis ? Mention the scientific name of the common roundworm in man. In which 
phylum it belongs ? What is the infective stage of common intestinal roundworm in man ? 
(Ans, 3.8) 
What are the modes of infection of Ascaris in man ? Narrate the migration of larval stages of 
Ascaris lumbricoides. (Ans, 3.8.2, 3.8.1) 
Describe the symptoms of Ascariasis in man both in larval stages as well as adult intestinal 
roundworm. (Ans. 3.8.3) 
Describe the Control measures of ascariasis. (Ans. 3.8.4) 
What is a vector ? Name the vectors which transmit germs of malaria and filaria from one 
person to another, [J.E.E. 2005] (Ans. 3.13 and 3.3) 
How can adult Anopheles and Culex adult mosquitoes be distinguished ? What is a signet 
ring ? IJ. E. E. 2005] (Ans. Table 1 and 3.13) 


@ B. Short Answer Type : 


1 
[2] 
[3] 
[4] 
[5] 
[6] 
[7] 
[8] 
[9] 
[10] 
111 
[12] 
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How will you identify an adult Anopheles and Culex ? (Ans. Table 1) 
Mention the distinguishing features of eggs of Anopheles and Culex ? (Ans. T. 1) 
Write down the name of three genera of mosquito in our country ? (Ans. 3.3.1) 
What do you understand the term ‘biological vector’ ? (Ans, 3.5) 
What are the symptoms of malaria ? (Ans. 3.5.3) 
What is the role of Gambusia fish in controlling of mosquito ? (Ans. 3.7.1) 
What is the literal meaning of the word ‘malaria’ ? (Ans. 3.5.1) 
Mention the four species of the causative organism of malarial fever in man. (Ans. 3.5.1) 
Write down the name of the infective stage of Plasmodium introduced in man. (Ans. 3.5.1) 
What is the condition of elephantiasis in man ? (Ans. 3.6.1) 
What is the causative organism responsible for filariasis ? [J.E.E. 2004] (Ans. 3.6) 
Explain biological control with an example. IJ. E. E. 2004] (Ans. 3.7.1) 
How will you distinguish between a male Ascaris and a female Ascaris ? (Ans. 3.8) 
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[14] What is the infective stage of Ascaris lumbricoides ? (Ans. 3.8) 
[15] Define the term ascariasis. (Ans. 3.8.3) 
[16] Mention the primary and secondary hosts of Taenia solium. (Ans, 3.9) 
[17] Write down the names of 3 types of proglottides in Pork tapeworm. (Ans, 3.9) 
[18] What are the causative organisms of Taeniasis 2 (Ans. 3.9) 
[19] What is cerebral cysticercosis ? (Ans, 3.9.3) 
[20] What are the prophylactic measures in ascariasis ? (Ans. 3.8.4) 
@ C. Distinguish between : 
1 Larva of Anopheles and larva of Aedes. (Ans. T.1) 
[2] Sporozoite and merozoite. (Ans. 3.5.1) 
[3] Mechanical vector and biological vector. (Ans. 3.13) 
[4] Eggs of Anopheles and eggs of Culex. IJ. E. E., 1993] (Ans. J. I) 
[5] Microfilaria and filaria. (Ans. 3.6) 
[6] Elephantiasis and encephalitis. (Ans. 3.6. 3.1) 
[7] Male and female A. lumbricoides. (Ans, 3.8) 
[8] Taenia solium and Taenia saginata. (Ans, 3.9) 
[9] Hexacanth and Onehosphere of Pork tapeworm. (Ans. 3.9.1) 
[10] Ascariasis and Taeniasis. (Ans. 3.8.,3.9) 
@ D. Wite Short Notes on : 
[1] Vector (Ans. 3.11.) 
[2] Amoebiasis (Ans. 3.1) 
131 Giardiasis (Ans. 3.1) 
[4] Sleeping sickness (Ans. 3.1) 
[5] Kala-azar (Ans. 3.1) 
[6] Biological control of mosquito (Ans. 3.7.1) 
[7] Rhabditiform larva (Ans. 3.8) 
[8] Measly pork (Ans. 3.9.1) 


E. Choose the correct answer: 


u 
[2] 
[3] 
[4] 


[5] 
[6] 
[7] 
[8] 


191 
[10] 


Giardia is a type of freeliving / symbiotic / parasitic animal. 

Hookworm is included in the phylum Aschelminthes / Protozoa / Arthropoda. 

The housefly is a vector of malarial fever / cholera / filariasis / dengu. 

The common mosquito- borne disease in ‘West Bengal is the yellow fever / encephalitis / dengu / 
malarial fever. 

The parasitic protozoan Plasmodium is the causative factor of malaria / filariasis / yellow 
fever / dengu. 

Mrozoite is a stage of filarial worm / virus / malarial parasite. 

The mosquito lay eggs in the water of river / ditches / ocean / big dam. 

The parasite that lives in the lymphatic system is known plasmodium / virus | Wuchereria 
bancrofti. 

Ascariasis is caused by plasmodium / Filarial worm / Ascaris / Taenia. 

Cysticercus stage is formed in Taenia/ Plasmodium / W. bancrofti / Leishmania. 


@ F. Matching type : 


Select words from column I to make appropriate pairing with those in column II: 


Column I Column II 


a, Sporozoites in salivary gland (i) Plasmodium 

b. ‘Signet ring’ stage (ii) Filarial worm 

c. Elephantiasis (iii) Malarial fever 

d. Plasmodium (iv) Female Anopheles mosquito 


e. Adult tapeworm (v) Aschelminthes 
f. Wuchereria bancrofti belongs to (vi) Encephalitis 
g. Swelling of brain in a patient (vii) Biological control 


h. Gold fish (viii) Primary host 
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© G. Put / Mark on Yes or No for correct statement: 
[1] Anopheles mosquito lays eggs on running water. 
[2] Culex is a vector of malarial disease. 
[3] Elephantiasis is caused by filarial worms. : 
[4] Malarial fever occurs in man. = ? 
[5] Mosquito can be controlled by using Quinine. 
[6] Scrotum and mammary glands are enlarged in filariasis. 


Ves / No. 
Yes / No, 
Yes / No. 
Yes / No. 
Yes / No. 
Yes / No, 


[7] Plasmodium causes a disease in man known as dengu fever. : ves / No. 
[8] Mirofilariae occur in the peripheral blood of man at mid HAE ee TO ga, Yes / No, 
[9] Life cycle of Ascaris lumbricoides is completed through two hosts, man 

and pig. toe I Hed bie dot lesinga Yes / No, 


[10] Half cooked or under cooked measly pork should not be ingested. 
© H. Fill up the blanks with appropriate words : 1 


11] Plasmodium belongs to the phylum, 5 1 : 
2] Female mosquito sucks the blood of. host with the help of. 5 
[3] The vector of filariasis is and the disease is caused by a 
[4] The asexual cycle of malarial parasite occurs in s í 1 
[5] The adult filaria occurs in the system of 6 saan Howl? 
[6] The development of microfilaria takes place in the body of mosquito, 
[7] Adult Ascaris lumbricoides lives inside the of 
[8]. Self-fertilization occurs in the same proglottid of 
of female organ. 


Vail Yes / No. 


and fertilization takes place in the 


Answers to Q. No. E, F, G and H 


E. II] parasitic. [2] Aschelminthes. [3] cholera. [4] malarial fever. [5] malaria. [6] malarial 
parasite, [7] ditches.. [8] Wuchereria bancrofti, [9] Ascaris, [10] Taenia. . 

F. a and (iv), b and (i), c and (ii), d and (iii), e and (viii), f and (v), g and (vi), h, and (vii). 

G. [1] No, [2] No. ] Yes. [4] Yes. [5] No. [6] Yes. [7] No. [8] Yes. [9] No. [10] Yes. 

H. III Protozoa. [2] human, proboscis. [3] Culex, Wuchereria bancrofti. [4] man, [5] lymphatic, 

man, lo] Culex. [7] intestine, man. [8] tapeworm, ootype. : 
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An Outline Knowledge of Agricultural 
Zoology : Pisciculture (Fishery) 


Topics Discussed : Introduction, what is agricultural zoology, pisciculture, definition of pisciculture, 
classification of fishery, marine fishery, marine edible fishes and their sources, inland fishery, brackish water 
fishery, estuarine fishes, bheri fishery, freshwater fishery, capture fishery, riverine fishes, culture fishery, 
fishes in ponds and ditches, culture of indigenous carps in ponds, pond water, feeding layers of carps, food 
and feeding habits of Indian major carps, identifying characters of indigenous major carps, collection of egg 
and spawn, culture of spawn to fingerling, brief idea about ponds, preparation and management of nursery 
pond, preparation and management of rearing pond, preparation and management of stocking pond, carp 
breeding in pond. bundh breeding, induced breeding, glass jar hatchery, composite fish culture, economic 
evaluation of composite fish culture, diseases of carps and its control, how production of ipland fishes gan be 
improved. 


4.1. Introduction 


In the primitive ages, human being was collecting their own food materials from 
the wild environment. But subsequently during the early civilization period, the man 
learnt the techniques of crop cultivation and produces their own food materials. Thus 
they were not absolutely dependent on nature. They consume in one hand the plant and 
plant products namely rice, wheat, green yegetables and fruits as food, on the other 
hand they consume also the animal and animal products such as the egg, the meat and 
the fish as food material. Hence the cultivation of different kinds of crops as well as 
rearing of fish are now in the domain of agriculture. The main object of agriculture is 
to produce the agricultural products as maximum as possible. During this crop cultivation 
some Organisms specially the insects are damaging the food crops and so these harmful 
insects are also included in the field of agriculture. Thus a close relationship has been 
developed between the animal science and the agricultural science. As a result of this 
close relationship, a new branch of science in the name of ‘Agricultural Zoology’ has 
been developed recently. 


4.2. What is Agricultural Zoology 

The branch of science that deals with the production, rearing and marketing of 
animal and animal products as food material, as well as controlling of harmful animals 
of food crops is known as agricultural Zoology. 

Pisciculture (fishery) and pests (mammalian and insects), both the topics are 
under the agricultural zoology and are discussed in the subsequent chapters. 


4.3. Fishery 


Protein is a daily item in the food-chart of man. We are getting this protein mostly 
from fishes. In addition to food material, We are also collecting the vitaminised oil 
from the liver of certain economic important fishes like cod and shark fishes. Some 
fishes are also used as manure. 


607 


608 A TEXT BOOK OF BIOLOGY 


In India specially in West Bengal large number of rivers with their tributaries are 
present. Huge number of ponds are also existing in West Bengal, yet the total production 
of fish is far less as demand in the market, 70% of the total requirement of West Bengal 
is coming from other states of India. Moreover innumerable number of small ponds 
and ditches are remained here in a neglecting condition. There is a bright future of 
production of more fishes if those ponds and ditches are reclaimed and rearing them 
scientifically. 


4.3.1. DEFINITION OF PISCICULTURE AND FISHERY 


Scientific way of cultivation, procurement and marketing of edible fishes are 
generally known as a fishery. But there are certain aquatic invertebrates such as prawn 
and crab in arthropods, snails in mollusca are also consumed by human beings as their 
food material. Hence the area of pisciculture has now become expanded. On modern 
concept, the pisciculture may be defined as a branch of science that deals with the 
scientific cultivation, procurement and marketing of edible fishes as well as other 
aquatic edible invertebrates and judicial exploitation of economically important 
aquatic animals, 


Some important ferms : 


© Aquaculture : Culture of aquatic organisation (both animal and plant). 
© Mariculture : Culture of marine animals, 


© Fishery : Culture of economically important aquatic animals like—fish, 
prown, crab, pearl oyster, frog, whale etc. 


© Pisciculture : Culture of fishes. 


4.4. Classification of Fishery 


All fishes are aquatic vertebrate animals. These fishes are living either in saline 
water as in sea or in sweet water (freshwater) as in river, pond, canal, reservoir, ditches 
etc. The fishery is classified on the basis of their habitats, 


4.5. Marine Fishery 


Sea is the immense source of fishes. There is no possibility of rearing of fishes in 
this vast stretch of water. Here procurement of edible fishes and other economic 
important aquatic animals and their marketing are the main object of marine fishery. 
Marine fishery is classified into two groups, such as : (a) coastal fishery and (b) deep 
sea fishery. Coastal fishery is practised throughout the coastal region of India. In West 
Bengal, this is practised at Digha and Sundarban area, In deep sea fishing, trawlers and 
other equipments are essential. Though some attention has been given in deep sea 
fishery in India yet the progress is not Satisfactory. 


4.5.1. MARINE EDIBLE-FISHES AND THEIR SOURCES 


The following important edible fishes are procured from the coastal range of the 
Indian Sea. Sardine (Sardinella longiceps) : This type of fish is accepted as a palatable 
one. The oil of the sardine fish is used in leather as well as in soap industries. This fish 
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is also used as a manure. Mackerel (Rastrelliger kanagurta), Bombay duck (Harpodon 
nehereus), Pomfret (Parastromateus niger, Pampus argenleus, Pampus chinensis). 


7 
N 
Wi 


Fig. 4.1 : Some marine fishes. 
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Table 1 : Short Classification of fishery : 


FISHERY 

L L L 

Marine fishery Inland fishery 

Deep sea fishery : Coastal fishery 
Brackish water fishery Freshwater fishery 
(Estuary, Bheries etc.) (River, Pond, Ditches etc.) 
4 L 

1. Estuarine fishery 1. Riverine fishery 
2. Bheri fishey 2. Fisheries of Lakes and 


Rservoirs. 
3. Pond fishery 


4.6. Inland Fishery 


The cultivation of fishes that takes place in water areas inside of a country is 
known as inland fishery. The water areas surrounding the delta islands, river mouth, 
river, canals, lakes, reservoirs, ponds etc., are all included under the inland fishery. On 
the basis of the quality of water the inland fishery is classified into two major groups, 
namely (i) Brackish water fishery and (ii) Freshwater fishery. These are described 
below. 


4.6.1. BRACKISH WATER FISHERY 

The cultivation of fishes in a slightly salty water is known as brackish water 
fishery. In reality there is no scope of rearing of fishes in the brackish water fishery nor 
there is any need of supplying the supplementary food for the growth of fishes, as they 
are getting sufficient nutrients from this area. Hence procurement and marketing of 
fishes are the main aims of brackish water fishery. 

The brackish water fishery is again classified into two groups, such as: (a) Estuarine 
fishery and (b) Bheri fishery. 


4.6.2. ESTUARINE FISHERY 


The mouth of the large river area where it meets the sea is known as estuary. In 
estuary, the sweet water of river admixture with the high salty water of sea ; as a result, 
the water of this area becomes slight salty, Łe., it is neither an absolute sweet water nor 
it is too salty water. The Sundarban area of West Bengal is the estuary of river Hooghly 
and Matla. So also is the Mahanadi estuary in Orissa. Different kinds of tasty fishes, 
their eggs and spawns are collected from the estuaries. 

@ Important estuarine fish : Bhetki (Lates calcarifer), Parse (Mugil parsia), 
Bhangar (Mugil tade), Tangra (Mystus), Tapse (Polynemus), Hilsa (Hilsa ilisha) and 
different types of prawn. 
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Cat fish 
(Tangra) 


(not a fish) 


Fig. 4.2 : Some Estuarine Fishes. 


4.6.3. BHERI FISHERY 


The vast stretch of water body of 200 or more acres with a depth of 6 to 7 feet 
is known as bheri. The bheri may be of brackish water or sweet water, The bheries of 
Sundarban areas are of brackish water. They are connected with estuary through canals. 
Each bheri has a sluice gate. During the tidal period, the sluice gate remains open; at 
this time, along the tidal water seeds of Bhetki, Parse, Bhangar, Tangra, eggs and spawn 
of prawn enter into the Bheri. During the return of tide-water towards sea, the sluice 
gate remains closed. Some water may be expelled out through the sluice gate but not 
the fishes. Management and supplementary food are not needed ; but the fishes grow 
with the natural nutrients available in bheri. The marketable size is attained after four 
to five months! These bheries are actually the large stocking tank. 

The bheries in the suburb (Bantala, Saltlake) of Kolkata are actually of freshwater. 
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These bheries are connected with the sewage canals. This water contains plenty of 
organic material. So there is no need of supply of any food. Spawn and fry of fishes 
(generally of Rohu, catla, mrigal etc.), are released in these freshwater bheries. They 
grow very rapidly. These bheries are also acting as a large stocking pond. 


4.6.4. FRESH—WATER FISHERY 


The rivers and its tributaries, lakes, reservoirs, ponds, ditches etc., are all under the 
freshwater fishery. The water of these places are salt-free, so these are regarded as 
sweet or freshwater areas. The freshwater fishery is classified into two groups, such 
as: (i) Capture fishery and (ii) Culture fishry. These are described below: 


Table 2 : Short Classification of Freshwater Fishery : 
Freshwater fishery 


4 
Capture fishery Culture fishery 
Riverine fishery Lake or Reservoir fishery 


Pond fishery 
Jeol fish fishery Major carp fishery 


Common Composite Induced 
process fishery breeding 


4.6.5. CAPTURE FISHERY 


The capture fishery may be defined as the places of natural water areas from where 
the fishes are only procured or captured but no rearing has been done in fishes. 
This type of fishery is divided into two kinds, namely (i) Riverine fishery and 
(ii) Large lakes and reservoir fishery. 

[1] Riverine fishery : In India, large number of rivers are present and these rivers 
with their tributaries form a network in India. So these running water of rivers is 
the important source of different kinds of fishes and fulfill the major part of the 
demand of the Indian people. Important rivers in India are the Ganga, Brahmaputra, 
Indus, Krishna, Kavery and Godabori. In riverine fishery, the different kinds of 
fishes along with the eggs and spawns specially in rainy season are procured by 
fisherman and are transported to the market. 

@ Important riverine fish: Chital (Notopterus chitala), Falui (Notopterus 
notopterus), Boal (Wallago attu), Rohu (Labeo rohita), Catla (Catla catla), Mrigal 
(Cirrhinus mrigala), Kalbasu (Labeo calbasu), Hilsa (Hilsa ilisha), Tangra (Mystus) 
and varieties of prawn, Bata (Labeo bata) is mainly available in river and it is known as 
minor carp. 
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Fig. 4.3: Some major carps. 

[2] Large lakes and Reservoir fishery : Large lakes are created by nature, but the 
reservoir is artificially made by man during the dam or barrage construction on 
river. Along the water current of the river, the different types of fishes are being 
carried to the natural lakes and reservoirs. Here they grow and then transported 
to the market, Supplementary food is not required for the growth of the fishes, 
because they are getting their food from the lakes and reservoirs, These lakes and 
reservoirs are actually the huge stocking tanks. 


4,6.6. CULTURE FISHERY 


The culture fishery may be defined as the places of confined freshwater areas from 
where the fishes are not only captured but also rearing and breeding of fishes have 
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been done in these places. This culture fishery is being done in ponds and ditches. In 
ponds, the scientific basis of rearing, breeding and transport of fishes have been done 
and in real sense this is regarded as the fishery. 

© Important edible fishes in Ponds and ditches : Of the various forms of fishes, 
the major carps are the most important due to their high food value. The indigenous 


Fig. 4.4 : Some cat fishes. 
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major carps are: Rohu (Labeo rohita), Catla(Catla catla), Mrigal (Cirrhinus mrigala) 
and kalbasu (Labeo calbasu). Of the minor carps, the Puthi (Barbus stigma, Barbus 
ticto) is the commercially important fish. Jeol fishes like Magur (Clarias batrachus), 
Singhi (Heteropneustes fossilis), Koi (Anabas testudineus), Sol (Channa triatus), Lata 
(Channa punctatus) etc., are also important among the sweet water fishes. 

! The culture fishery is mainly carried on in sweet or freshwater ponds. Major 
indigenous carps, namely Labeo rohita, Labeo calbasu, Cirrhinus mrigala, Catla catla 
are cultivated in these sweet water ponds and these are extensively cultivated throughout 
the West Bengal as well as in other states due to their high demand in the market. These 
commercially important fishes also possess high food value. 
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Fig. 4.5 : Minor carps: 


4.6.7. CULTURE OF INDIGENOUS CARPS IN POND 


The success of carp culture depends on the knowledge about the nature of ponds 
where cultivation of carp culture programme has been taken into account. One must 
know in which environment the fishes thrive well, what type of food the fishes desire 
and how the balanced diet of fishes can be arranged ? For carp culture, good type of 
freshwater pond is essential. 

[1] Pond water: The production of carps is largely depend on the physical and 
chemical nature of pond water. So for proper growth of the carp fishes, the 
appropriate physical and chemical nature of water are to be maintained, The 
depth of water, temperature, turbidity of water and sun rays are all influencing 
the growth of fishes. 

It has been observed that the aquatic plants which are the food of carps grow 
well upto the depth of two metres of pond water; if there is no scarcity of plant 
food, the production of fishes will also be good. The health of the indigenous 
carps depends on the temperature of the pond water. The carps are feeling well in 
a temperature between 18°C to 37°C of pond water. If the pond water is turbid, 
the sun rays fail to penetrate inside the water ; as a result, the production of 
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aquatic plants also decreases and thus there will be scarcity of food to carp fishes, 
Consequently the production of carps will be less. If there are large number of big 
trees surrounding the pond, the sun rays fail to come properly on pond water, so 
the production of carps also be disturbed.. . 

In addition to the above physical conditions, the Chemical nature of pond water, 
such as pH of water, oxygen in water is also influencing the carp production. 
The proper growth of carps takes place in the appropriate alkalinity. of pond 
water and alkalinity of water must be maintained between the pH 7.5 to 8.5 pH. 
If the water of the pond becomes acidic, the growth of the carps will also be 
hampered and the carps beome easily susceptible to various kinds of diseases ; 
ultimately there is loss of carp production. 

[2] Feeding layers of carps : Indigenous and exotic (imported from other countries) 
carps are living in the different layers of water in a pond. Hence the different 
kinds of carps can be cultured in the same pond and the food also becomes 
economical. All these carps are remained in the three different layers in the pond 
and they collect their own food from their own specific layer. On the basis of 
water layers on pond, Catla, Grass carp and Silver carp are living on the upper 
layer of pond water, Rohu is on the middle layer and Mrigal, Kalbasu and 
Cyprinus are on the bottom layer of pond water. 

[3] Food and feeding habits of Indian major carps : In the life history of Indian 
major carps namely Rohu, Catla, Mrigal and Kalbasu, there are four stages such 
as egg, spawn, fry and fingerling which subsequently develops into an adult 
form. In every stage from spawn to adult, plenty amount of food is required, The 
spawn and fry, the early two stages of carp mainly feed on the zooplankton. 
The minute microscopic floating animals like rotifers, protozoans, crustaceans 
are known as zooplankton. They cannot digest the phytoplanktonic algae. 


Table 3 : Showing the food and feeding habits of fingerlings and adult stages 
of Indian major carps : 


Name of fish Food of fish 


Catla Fingerlings | Aquatic insects, floating 
algae and small amount 
of half-decomposed plant. 
Floating crustaceans, 

rotifers and aquatic insects: 
They also feed small amount 
of algae and half-decom- 
posed plant. 


Feeding habit 


Adult They are searching food 
on the surface layer of 
water ; hence they are 
known as surface 


feeder. 


Rohu Fingerlings | Microscopic algae and decom- 
posed or half-decomposed 
plant. 
Adult Microscopic algae, decompo-| They are searching food 
sed and half-decomposed on the middle layer of 


water ; hence they are 
column feeder. 


plant. 
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Food of fish 


Fingerlings | Microscopic floating algae ; 
decomposed and half-decom- 
posed plants and animals. 
Decomposed and half-decom- 
posed plants and animals, 
sand and mud at the bottom 
of pond. 
Decomposed and half-decom- 
posed plants and animals, 
sand and mud at the bottom 
of pond, 

All the indigenous major carps are depending mainly on the aquatic plants as 
their food material. Hence they are known as herbivorous fish. But there is a limited 
resource of the aquatic plant- food in the pond. So intensive cultivation of aquatic plants 
must be done in pond for the storage of sufficient food for the carps. 


4.6.8. IDENTIFYING CHARACTERS OF INDIGENOUS MAJOR CARPS 


[a] Rohu (Labeo rohita) : The length of the matured fish is about three feet. The 
head is comparatively smaller than the body. The fish can be easily identified by 
observing the smaller-sized head. The upper lip is smaller than the lower lip of the 
mouth. There are two barbles, one on either side of the upper lip. The body is elongated 
and laterally flattened ; the tail region is narrower than the head. The fins and the 
body become pinkish in colour. The dorsal fin consists of 15-16 fin-rays. 

[b] Catla (Catla Catla) :The length of the matured fish is about six feet. The head 
is comparatively bigger than the body. The trunk is broader and is laterally flattened, 
The colour of the head and the dorsal side of the body becomes blackish. There are 17- 
19 fin-rays in the dorsal fin. 

[c] Mrigal (Cirrhinus mrigala) : The body is comparatively narrow and elongated. 
The head is small and slightly elongated. The body is silvery coloured. Thre are 15-16 
fin-rays in the dorsal fin. 

Id! Kalbosh (Labeo calbasu) : The body is laterally flattened ; the head is 
comparatively small and narrow, The body is blackish in colour. The dorsal fin consists 
of 13-15 fin- rays. 


Table 4: Identification of eggs of Indian major carps : 


[ Nature of egg | Diameter (mm)| Shape | Colour 


Yolk light-red 


Name of fish 
Kalbosh 


Feeding habit 


They search food at the 
bottom of pond water 
hence they are bottom 
feeder. 


They are also bottom 
feeder. 


Mrigal Fingerlings 


and adult 


Name of carps 


1. Catla catla Non-floating and | 5.3 to 6.5 
(Catla) non-adhesive 

2. Labeo rohita 5.0 Reddish 
(Rohu) 

3.Cirrhinus mrigala 5.5 Brownish 
(Mrigal) 


4. Labeo calbasu 3-4 Bluish 


Kalbosh 
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Table 5 ; Diagnostic Characters of the Spawn of Indian major carps: ` 


Hatchling | Average size 3.78 mm. Average size 
Bulbous part of yolk | 4.68 mm.; as in 
and narrow part of Rohu. 
equal length. 

26 preanal and 14 post. 
anal myotomes gene- 
rally. 


Cirrhinus mrigala 


Average size 4.20 mm. 
Narrow portion of yolk 
greater in length than the 
bulbous part. Yolk more or 
less club-shaped. 28 pre- 
anal and 14 postanal myo- 
tomes generally. 


10th day Average size 15.5 mm.| Average size Average size 15.6 mm. Lips 

after Thick fimbriated upper] 16.5mm. Lips thin and adult like. Black 

hatching lip overhanging lower. | thick. Mouth chromatophores absent in 
No pigmentation on some what uptur- | dorsal fin margin. A trian- 
dorsal fin margin. Two} ned. Dorsal fin | gular area packed with 


faint black chromato- 
phore concentrations 
on caudal rays ; black 
chromatophores form 
a more or less broad- 
based triangular area 
below the sharp bend 
of the notochord, each 
chromatophore being 
distinct. 


margin appears 
dark due to chro- 
matophores, Two 
distinct chromato- 
phore patches on 
caudal peduncle 
slightly anterior to 
the origin of fin 
rays.Black chro- 
matophores en- 
close a triangular 
area below noto- 
chord far less 
distinct than in 
mrigal. 


black chromatophores 
seen just anterior to the 
region of the beginning of 
caudal rays, the black chro- 
matophores fusing into 
one another. 


4.6.9. COLLECTION OF EGGS AND SPAWNS 


The indigenous major carps namely Rohu, Catla, Mrigal and Kalbosh are really the 
fishes of the river; normally they live in the river. The growth of the carps takes place 
in the river and lay. eggs in the river. Though the growth of the carps may also takes 
place in pond water but normally they are not laying eggs in the pond water. Hence 
eggs and spawns are collected from the river and then tansferred to the pond water for 
cultivation. Rainy season is the breeding period of carps. In this season, the carps lay 
eggs in the riverine water ; so the eggs and spawns are collected in the breeding season. 
June and July, these two months are the breeding season of carps. In the breeding 
season Rohu, Catla, Mrigal and Kalbosh fishes lay eggs in the shallow water of the 
river bank and also in the shallow water of the adjacent flooded area of the river. This 
shallow water at the adjacent to the river is regarded as the breeding place of the 
carps. After collecting eggs from the breeding place, the fishermen transfer the eggs to 
the hapa where spawns are developed from the eggs. 

Huge number of eggs are collected from the bank of the river mainly of Lalgola 
and Dhulian areas of Murshidabad district and Manickchak area of Maldah district of 
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West Bengal. In addition to the river bank area and breeding place of flooded area, 
some eggs and) spawns are also collected through bundh breeding and induced 
breeding techniques. These two techniques have been described later on. 


Place for breeding of fish 
and collection of seedling 


Place for breeding and 
collection of seedling, 


Fig. 4.6 : Breeding ground of carps. 
Thus the eggs and spawns of carps have been collected by the following sources : 
[a] From the shallow water of the river bank. i 
[b] From the breeding place of the flooded area near the river. 
[c] Through the bundh breeding technique. 
[d] Through the induced breeding technique. 


Table 6 : Diagnostic Characters of Fry of Indian major carps : 
Name of Carp Diagnostic Characters 


1. Catla catla Large head. No distinct spot on the caudal fin or peduncle. 
Magins of the dorsal and caudal fins darker. 1st ray of the dorsal 
fin black. Opercular region brightly reddish. No barbels. Lips 
thick but not fringed. 

A dark diffused transverse band is present at the caudal peduncle. 
A pair of whitish or light greyish maxillary barbels is present. 
Lips are fringed. 

There is a small head with slender body. A more or less triangular 
dark spot is present at the caudal peduncle. No barbels are visible. 
Lips are thin, not fringed. Tip of the lower lobe of caudal fin has 
areddish tinge in larger size fry. The posterior edge of the caudal 
spot is slightly concave. 

At the earlier stages, the fry are darker in colour. A semilunar 
yellow band appears on the nape and gradually the body gets the 
appearance of having alternative yellow and black bands. The 
basal portions of the fins are black which gradually spread over 
the fins, Two pairs of thick black barbels are present. Lips are 
fringed. Mouth is narrow. 


2. Labeo rohita 


3. Cirrhinus mrigala 


| 4. Labeo calbasu 
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4.6.10. CULTURE OF SPAWN TO FINGERLING 


Generally it has been observed in carp culture that the same group of peoples are 
not engaged with all the activities of all the stages from the beginning of breeding and 
egg collection upto the development of fingerling and adult stage. So the different 
stages of the carps are—egg, spawn, fry, fingerling and adult. Different groups of 
peoples are engaged with the different stages of carp culture. As for example, the 
fishermen after collecting eggs and spawns from the river develop fry stage in the 
nursery tank. Another group of fisherman is engaged in the bundh breeding for the 
production of eggs in carps ; some other people are rearing the fry stage in the pond. 
Many peoples rear the fingerlings in their pond. But if the cultivation is carried on 
scientifically on the basis of age or length of the young stages of carps in three 
different kinds of ponds, then the production of fishes will be much higher. Three 
kinds of ponds are : (a) Nursery pond, (b) Rearing pond and (c) Stocking pond. 


4.6.11. BRIEF IDEA ABOUT PONDS 
[1] Nursery pond : The small type of pond where spawn is reared into a fry 


stage is known as nursery pond. In the nursery pond, spawns (average length 6.5 to 
7 mm.) are reared for 15 days. 


Fig. 4.7 : Fishing pond (composite fish culture) : 
(a) Silver carp, (b) Katla, (c) Grass carp, (d) Rohu, (e) Common carp, (f) Mrigal. 

[2] Rearing pond : The middle-sized pond where fry is developed into the next 
fingerling stage is known as rearing pond. This type of pond is slightly bigger than 
the nursery pond. In the rearing pond the fry (average length 20-25 mm) is reared for 2- 
3 months. 

[3] Stocking pond : The larger-sized tank is known as stocking pond. In the stocking 
pond the fingerling (average length 8 to 13 cm) is reared for years to develop into an 
adult marketable size. 

4.6.12. PREPARATION AND MANAGEMENT OF NURSERY POND 

Small ponds or ditches that are dried up during the summer time, those ponds and 
ditches can be easily transformed into nursery pond. If water remains in the rainy 
season but dried up in summer, those ponds or ditches are treated as an ideal for nursery 
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pond. The area of the nursery pond is small, such as length 15-18 metre, breadth 9- 
12m. and depth of water 0.9-1.5m. The nursery pond must be shallow and small. 

[a] Preparation of Nursery pond : 

[i] During summer (in late April) when the pond water becomes dried up, the basal 
soil of the pond is to be ploughed and then left it for a month. At this time, if the soil 
consists of the harmful organisms, insects and gases then all these will be destroyed by 
the heat of the sun rays. 

[ii] After a month of ploughing that means on the month of May, 30-40 kg lime per 
bigha is to be applied at the bottom of the pond. If the soil is highly acidic in nature, 
there will be no decomposition of the organic substances ; hence to neutralise the 
acidity of the soil, the lime has been applied. 

[iii] In small pond, where water even exists during the summer time, there is no 
question of ploughing but that type of pond can also be transformed into the nursery 
pond. In this case, the water of the pond must be cleaned first by removing the weeds 
and unwanted fishes specially the carnivores (as Boal, Lata, Sol etc.), with the help of 
net. Still there is possibility of remaining some more fishes in water. So for complete 
eradication of fishes, the Mohua cake is to be applied. Per bigha of water area of pond, 
250-300 kg mahua cake is applied after dissolving it in water. The mahua cake, first 
15-20 days will act as a poisonous substance then act as a manure. Hence after 
application of mahua cake all the remaining fishes will die within 2-4 hours and these 
dead fishes are to be removed immediately. After 15-20 days of application, the mahua 
cake then acts as a manure like other oil cakes. The same quantity of lime as in dried 
pond, is to be applied after 15 days of cleaning of pond water. 

[iv] 15 days after application of lime in dried pond, means on 45th day the raw 
cowdung as organic manure is applied, approximately 1000 to 1300 kg per bigha of 
water area ; but there is no necessity of applying cowdung where mohua cake has 
already been used. 

[v] There is also necessity of nitrogen and phosphorus for more growth of the 
plant: ſood of fishes. Hence 15 days after the application of cowdung, means on 60th. 
day the inorganic fertilizers like ammonium sulphate and super phosphate are applied. 
Generally, per bigha area of pond 10 kg ammonium sulphate and 6 kg super phosphate 
are applied ; as a result, large number of zooplankton and phytoplankton will develop 
subsequently in pond water. 

[vi] 15 days after application of inorganic fertilizers, means on 75th. day the nursery 
pond will be filled up with the rain water ; subsequently the plenty amount of 
zooplankton which is the primary food of spawn will develop. 

[vii] The nursery pond when filled up with the rain water consists of plenty amount 
of harmful aquatic insects ; hence one or two days before releasing of spawns in 
nursery pond, some of the aquatic insects are removed by using the fine net. 

[viii] 12 hours before the releasing of spawns in nursery pond, the soap-oil (for 
each bigha 4 kg soap after boiling and cooling in water is mixed with 7.2 kg oil) or 
Kerosine oil (28-30 litre per bigha) is sprayed on water, as a result unwanted aquatic 
insects will die. 

© No. of spawns to be released in Nursery pond : Within 7 to 8 days of the 
preparation of pond, 3—4 lakhs of Spawns per bigha of pond water should be released. 
If the spawns are not released within the stipulated period, then the total production 
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will be less than the expected one due to decrease of their food, the zooplankton, 

The process of releasing the Spawns in Nursery pond : The polythene bag 
that contains the Spawns or in any other container of Spawns is allowed to float for 
Sometime in the pond water. As a result, the temprature of the container of spawns 
becomes equal to the temperature of pond water. Then the container is gradually tilted, 
thus the pond water is mixd up with the water of the container and the spawns will 
gradually come to the pond. During noon when water will remain hot, the spawns 
should not be released. 

[b] Management after release of Spawns : Not only to release the spawns in the 
nursery pond but also proper care of the spawns should be taken. After five days of 
releasing of spawns, stirring of pond water should be done frequently by netting ; 


of equal amount of fine powdered rice bran/wheat bran with the mustard cake/ 
groundnut cake. The total amount of supplementary food which is required in a pond, 


6.5mm. long spawn is about 1.4 mgm.) From third to fifth day, the amount of 
supplementary food will be the equal to the total weight of the Spawns in the pond and 
approximately the supplementary food is required to about 400 gm. per one lac of 
Spawn, From 6th. to 12th. day, the daily amount of supplementary food will be the 
double, i.e., 800 gm. daily for one lac. On the 13th. day, there is no need of any 
supplementary food, After two weeks each spawn becomes a length of about 20-22 
mm. and this stage of spawn is known as fry. About 45 to 50% of spawn will be 
developed into the stage of fry, All these fry are then collected by a small net and 
transferred to the rearing pond in the cold atmosphere in the morning. 

In one rainy season, consequetive 2/3 crops of fry can be developed from the same 
nursery pond. But after each crop, cowdung at the rate of 270kg per bigha of pond 
water is to be supplied before the seven days of releasing the Spawn in the nursery 
pond. 


4.6.13. PREPARATION AND MANAGEMENT OF REARING POND 


The main aim of the rearing pond is to develop the fingerling from the fry 
stage. The area of rearing pond is about 0.6—1.24 hectare and the depth 1.2—1.8 
metre. The preparation of rearing pond is just like the nursery pond. 

After preparation of rearing pond, the fry stage are transferred to the rearing pond 
from the nursery pond and they are transferred at the rate of 30—40 thousands per 
bigha of water area of the pond. Then manure and supplementary food are to be 
given regularly in the rearing pond. The supplementary food is prepared in the same 
way as in the case of nursery pond, i e, mixture of equal amount of rice bran with oil 
cakes. In the first month, the supplementary food which is given in every morning will 
be the same amount as with the total weight of all fry (weight of each fry is about 0.15 
to 0.3 gm) but in second and third month it will be double amount. After two months, 
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altogether 690 kg. of ammonium sulphate + super phosaphate + calcium ammonium 
nitrate in the ratio of II: 5] are applied in the per hectare area of pond. After three 
months of rearing, each fry becomes 8—13 cm. long which is now known as 
fingerling. Nearly 76% of fry are developed into fingerlings. The distribution of 
supplementary food will be stopped two days before the transferring of fingerlings to 
stocking pond ; this is done because during the transferring if fingerlings possess food 
in their body, there is possibility of heavy (death) casualty of fingerlings. Now the 
fingerlings are transferred to the stocking pond. 


Table7 : Diagnostic characters of early fingerlings of Indian major carps : 


Diagnostic characters 


1. Catla catla There is a large head. There is no distinct spot in the body or 
“at the caudal peduncle, Dorsal, caudal and anal fins are dark 
2. Labeo rohita 


greyish in colour, Barbels are absent. Lips are thick but not 
fringed. 
Dark band at the caudal peduncle persists. Reddish tinge is 
present in the dorsal, pelvic, anal and caudal fins. Both the 
lobes of the caudal fin have reddish tinge with dirty grey colour 
along the margins. Lips are fringed. Maxillary barbel are 
prominent. A pair of small rostral barbels also appears. 
3. Cirrhinus mrigala 
4. Labeo calbasu 
all the fins turn completely black. Lips are fringed, Prominent 
black barbels (two pairs) are present. 
4.6.14. PREPARATION AND'MANAGEMENT OF STOCKING POND 
The main aim of the stocking pond is the production of large amount of 
marketable sizes of carps within a short period. The area of stocking pond is about 
0.2-2 hectare and the depth of water is about 1.5 to 2 metres. The preparation of stocking 
pond more or less follows the same procedure as in nursery pond. 


The spot on the caudal peduncle becomes diamond-shaped. 
Barbels are faintly visible. Lips are not continuous. A few 
longitudinal lines are visible on the body. The tips of the lower 
lobe of caudal fin is vermilion red in colour. 
The body colour gradually turns blackish. The fins, especially 
the dorsal and caudal fins have the basal portion black while 
the remaining portions are white. In the mature fingerlings, 


Fig. 4.8 : A typical stocking pond. 


624 A TEXT BOOK OF BIOLOGY 


After preparation of stocking pond, the fingerlings are transferred to the stocking 
pond from the rearing pond. These are discharged at the rate of 1000 per bigha (4000— 
7000 per hectare) of pond water in the ratio 4:3: 3 of catla, rohu and mrigal respectively, 
i.e., 400 catla, 300 rohu and 300 mrigal. To maintain the continuous growth of the 
fingerlings, inorganic and organic manures along with the supplementary food are to 
be supplied regularly in the stocking pond. Netting should be done once in a month for 
removing the weeds as well as for maintenance of transparency of water in the pond. 
Due to this netting, the fishes also maintain their good health. Cowdung is used in the 


Fig. 4.9 : Schematric representation of a fish form. 

A-Hatchery, B-Nursery, C-Rearing pond, D, E-Stocking pond. 
pond as an organic manure. In every month, cowdung at the rate of two quintals per 
bigha is applied in the pond water. After fortnight, 5 kg urea and 5 kg super phosphate 
are used in the water as an inorganic fertilizer. The supplementary food (mixture of 
half ricebran and half oilcakes) is to be applied every day in the pond water at a definite 
time. The supply of manure and supplementary food are to be stopped if the water of 
the pond becomes green. As a result of good management, the weight of each fish 
becomes 700-900 gm. at the end of the year and per hectare production of fish is 
about 2000-2500 kg. 


4.6.15. CARP BREEDING IN POND 

Rainy season is the breeding season of carps ; in this season they never breed in 
confined water of the pond. But it is possible to breed them even in confined pond 
water through two processes such as Bundh breeding and Induced breeding. These 
two processes are described below. 


4.6.15.1. BUNDH BREEDING 


In this process, the rain water that rolls along the gradual sloping of the high altitude 
is collected and retained at the base of the sloping by constructing an earthen wall. The 
shallow water inside the earthen wall or bundh acts as a breeding place of carps, so this 
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technique is known as bundh breeding. This technique was first introduced by the 
fishermen of Midnapore and Bankura districts of West Bengal and Chittagong district 
of Bangladesh. Bundh may be of two types, namely wet bundh and dry bundh. 

[a] Wet bundh : It consists of two parts, such as a pond (stocking pond) and a 
bundh. The pond that contains water throughout the year is just situated at the base of 
the hill sloping. Hence this is acting as a stocking 
pond, Surrounding the pond an earthen bundh is 
constructed on the three sides except on the sloping 
side of the hill. Thus the sloping side remains open. 
On the opposite end of the sloping side there is an 
opening of the bundh and this opening of the bundh 
is connected with a tunnel known as bulan. The 
opening of bulań remains closed by a cherra which 
is made by bamboo sheet. Through this cherra only 
the excess water of the bundh goes out but not the 
fishes. The adult carps both male and female are 
present in the stocking pond. During monsoon, the 
rain water that rolls very rapidly along the sloping 
of the hill comes down to the bundh. Now the 
stocking pond is also over flooded and the fishes migrate to the shallow water of the 
bundh. This shallow water of the bundh acts as a breeding place of the carps. 

[b] Dry bundh : In dry bundh there is no stocking pond as in wet bundh. Only the 
rain water that comes during the rainy season with heavy speed along the sloping is 
collected and stored inside the bundh which is made up of mud on three sides. The 
sloping side remains open. The mature male and female carps are released during the 
rainy season inside the bundh, 

Process of breeding and hatching : During monsoon the rain water that comes 
along the sloping rools into the bundh and then the carps both male and female are 


Bundh 


Fig. 4.10 : Bundh Breeding. 


Fig. 4.11 : Breeding and Hatching hapa. 
excited. After excitation, the female then lays eggs in the shallow water of the bundh 


2253—40 
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and the eggs are fetilized externally by males. This shallow place of bundh where the 
female lays eggs is known as Moan. Then the eggs are collected by a net and are 
transferred in a more secured area inside a *hatching hapa. 2 hours after fertilization 
the spawns are developed from the eggs. Then the spawns come out to the outer hapa 
from the inner one. The spawns are allowed to stay in the outer hapa for three days and 
then they are transferred to the nursery pond. 

4.6.15.2. INDUCED BREEDING 

The artificial process by means of which the pituitary extract is introduced 
inside the body of both the matured male and female caps, then the carps after being 
excited lay eggs in the pond water and subsequently fertilization takes place is known 
as induced breeding. The induced breeding is also known as hypophysation. 


Fig. 4.12 : Collection of pituitary gland. 

© Collection and preparation of Pituitary extract : The pituitary glands are 
collected from the matured fishes of both sexes either belonging to the same species as 
the recipient or a closely related one. The pituitary 
glands are preferred to be collected from freshly 
killed fishes, but those taken from 5 to 7 days old 
ice-preserved specimens have also given successful 
results, In Indian fish markets, where cut fish heads 
are available, the pituitary glands can be taken out 
from the posterior end of the cranium through the 
foramen magnum after cleaning the brain tissue. 

The pituitary glands, immediately after 
collection, are kept in absolute alcohol for 
dehydration. After 24 hours, the alcohol is changed 
for futher dehydration and defattening. The glands 
are then weighed and preserve in fresh alcohol in 
dark coloured phials and stored either at room 
temperature or in a refrigerator. The weight of each 
pituitary gland varies from 7 to 18.8 mg in Rohu 
(weighing 1kg to 3.6kg), and 3 to 22.8 mg in Mrigal Fig. 4.13 : Pituitary extract in alcohol. 
(0.3 to 3.5 kg in weight). 

At the time of injection to carps, the required quantity of pituitary glands are taken 
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out of the phials and the alcohol is allowed to evaporate. The glands are then macerated 
with a tissue homoge niger either in distilled water or 0.3% saline. The gland suspension 
is then centrifuged and the supernatant fluid is drawn into a hypodermic syringe for 
injection. 


Fig, 4.14 : Making of Pitutary Extract : (a) Tissue homogeniser, (b) Hand driven centrifuge machine. 
® Method of injection and Spawning : During rainy season, the extract of the 
pituitary gland of the same or related species which is prepared on the scientific ways 
is injected in the muscle of the matured carps (generally 1.5 kg to 5 kg weight). Just 
before evening, per 1 female with 2 males of the same body weight are to be injected 
the pituitary extract by hypodermic syringe. Injection of the carps is to be done out 
side of the water lying on a piece of sponge which is used only to avoid the injury of the 
carps. In case of female, the pituitary extract is introduced twice but once in male. 


Dorsal fin Syringe 


Pectaral fin Pelric fin Lataral line 


Fig. 4.15 : Technique of injecting a fish during hybridization. 

Firstly, at the rate of 2-3 mgm. of pituitary extract per kg. of body weight is injected 
in the muscle of the caudal peduncle or near the dorsal fin of the female carp. The 
injection should not be done on the lateral line sense organ of the carp. The needle 
of the syringe is to be introduced between the scales but with an angle of 45° with 
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the body. After six hours of the first injection, the second injection is given to the 
same female at the rate of 5-8 mgm, of pituitary extract per kg. of body weight. 
During the second injection in female, two males are to be injected with pituitary 
extract at the rate of 2-3 mgm. per kg. of body weight. 

Now the carps (one female and two males) are placed in a *breeding hapa for 
spawning. Inside the breeding hapa both the female and male carps are excited ; after 
excitation female carp lays eggs. These eggs are externally fertilized by the spermatozoa 
that are discharged by the males. After that all the fishes are removed, from the breeding 
hapa and then the eggs are collected by a net and are transferred to the inner part of the 
“hatching hapa. After 14-18 hours, the spawns are developed from the eggs. The 
spawns enter to the outer hapa ; from where they are collected and transferred to the 
nursery pond. 

Table 8 : Identifying Characters of female and male carps during breeding 


time: 
Points Female Carp Male Carp 


1. Abdomen (i) During breeding season the | (i) The abdomen is never 
abdomen becomes swollen swollen rather remains 
and soft due to presence of normal. 
eggs. 

(ii) Genital aperture becomes 

round and evaginated due 

to swollen; it becomes 
reddish 


2. Genital 
aperture 


(ii) Genital aperture of male be- 
comes narrow and elonga- 
ted ; it remains invaginated 
position and the colour 
remains white. 

(iii) If the genital region is 
slightly pressed during rainy 
season milky white semen 
comes out. 

(iv) The pectoral fin in male 

carp becomes rough during 

the breeding season. 


3. Pressure on| (iii) If the genital region is 
abdomen. slightly pressed, eggs come 
out during rainy season. 


4. Pectoral fin| (iv) The pectoral fin in female 
carp remains smooth during 
the breeding season. 


4,6.15.3. ADVANTAGES OF INDUCED BREEDING 


There are some advantages in induced breeding. These are mentioned below. 

[1] Eggs and spawns of carps that are collected from the river bed, there is every 
possibility of mixture of other fishes of eggs and spawns. But in induced 
breeding there is no possibility of mixture and the pure form of fish seeds is 
obtained. 


** Hatching Hapa : The mosquito-net-like structures that are placed in an upside down in the pond for 
breeding and hatching of carps are known as hapas. Hapa is placed inside the water in such a way that the 
closed roof of the mosquito-net remains inside the water but the open end of the mosquito-net-like structure 
remains upward slightly above the water. The four corners of the hapa are tied up to four bamboo poles that 
are implanted in the pond, At the lower end of hapa a small weight is attached to each corner of the hapa so 
that it remains stationary inside the water. In case of hatching hapa there are two types of hapas—the inner 
one is smaller and is made up of fine cloth and the measurement is 152 cm. x 79 cm. with a depth of 46 em. 
but the outer one is larger than the inner one and is made up of markin cloth and the measurement of which 
is 182 em x 91 cm. with a depth of 91 cm. The fertilized eggs are placed in the inner hapa. 

*Breeding hapa : It is made of markin cloth and the measurement is 2.44 m x 1.22 m and the depth is 
0.9 m. There is a lid of markin cloth over the exposed surface of the hapa, so that the adult fishes cannot go 


out by jumping. 
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[2] Through induced breeding, desired species of carps can be cultured. 

[3] Large number of eggs are available from a particular fish through induced 
breeding. 

[4] Moreover in the same season, a carp can be induced to breed more than once 
so that huge number of eggs can be obtained from a single carp in a season. 

[5] Transportation cost becomes negligible, as the carps can be breed in any 
desired pond, 

[6] Hybridization can be done between the different species of fishes, as a result 
high yielding hybrid variety of fishes can be obtained. 


4.6.16. GLASS JAR HATCHERY 


The process by which the spawns are developed from the fertilized egg in a 
special type of glass jar is known as glass jar hatchery. It is a modern system of 


Fig. 4.16: Glass Jar Hatchery. 
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hatchery. In this system, the eggs are placed in a special type of glass jar instead of 
hatching hapa and here the water is continuously flowing through the glass jar. 

A long rectangular wooden table is placed inside a room. There are two rows of 
round holes on the table. These holes are present on a specific distance. The diameter 
of each hole must be same as in glass jar. Each round hole is fitted with a special type 
of round and elongated glass jar that holds 6.35 litres of water. The lower end of the 
glass jar that remains below the table becomes narrow. This narrow curved end of the 
glass jar is connected with a water pipe which remains permanently under the table. 
This pipe comes from a water tank which is placed on a high place. The narrow end of 
the glass jar is provided with a stop-cock for controlling the flow of water inside the 
glass jar. A galvanised open-tube is placed between the two rows of glass jar. The 
exposed end of the glass jar is provided with a beak thatis directed towards the galvanised 
open: tube. The terminal end of the galvanised tube is placed over the water-reservoir 
and a shower is also placed a bit above that water reservoir. 

About 50,000 of fertilized eggs are placed in each of the glass jars of 6.35 litres. 
There is no deficiency of oxygen in the glass jars because the water ‘flows continuously 
through the jars. As a result, after 15 hours 98% of spawns are developed from the 
eggs. Through the beak of the glass jars these spawns are now coming along with the 
water-current to the open galvanised tube and these spawns are now stored in the water 
reservoir. During this period there is a continuous shower of water on the water-reservoir. 
After three days of stay in the reservoir, the spawns are collected and are transferred to 
the nursery pond for further development. (See Fig. 4.9) 


4.6.17. COMPOSITE FISH CULTURE (See Fig. 4.7) 


Culture of a single species of carp in a pond is known as monoculture and previously 
this monoculture was the normal practice in our country. Hence there was a smail 
production of 300-600 kg. of fishes per hectare of water in a pond. Subsequently there 
is a great change in the process of carp culture. Instead of Single species, more than 
one Indian species of major carps preferably Rohu, Catla and Mrigal have been 
selected for rearing and culture in the same pond. They are living in the different water 
levels as well as they have different feeding habits, such as surface feeders (Catla), 
column feeders (Rohu) or bottom feeders (Mrigal). This process of rearing of fishes is 
known as composite fish culture. These three indigenous species of composite fish 
culture in a pond yield more than the monoculture and the total production of fishes 
becomes near about 2500-3000 kg per hectare of pond water. 

Recently three exotic carps such as silver carp, grass carp and common carp have 
been imported from other countries ; as a result there is a tremendous change in the 
process of composite fish culture. Three exotic carps along with the three Indian major 
carps are selected for composite carp culture. Thus the composite fish culture or 
composite mixed culture of six species is now introducd in the same pond. The 
fingerlings of 8 to 10 cm. long are released in the stocking pond at the rate of 7500 
per hectare of pond water in the ratio of rohu 2250, silver carp 1500, common carp 
1125, mrigal 1125, grass carp 750 and catla 750 (per bigha of water area 1000 
fingerlings in the ratio of rohu 300, silver carp 200, common carp 150, mrigal 150, 
grass carp 100 and catla 100). They are to be reared scientifically so that there will be 
very good production of fishes, To achieve this, appropriate amount of supplementary 
food as well as manure are to be supplied timely. 
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Table 9 : Supplementary food at the rate of per bigha of every day has been 
mentioned in the following table : 


In case of six species of carps 


800 gm 
1,600 gm, 


Time period In case of three spcies of carps 


First 3 months 

Second 3 months 

Third 3 months 

Fourth 3 months 

At least once a month netting must be done for proper growth and for checking their 
health. At the end of the year nearly 4,000 kg of fishes are produced per hectare of 
pond water, 

4.6.18. WHAT IS COMPOSITE FISH CULTURE ? 

In order to obtain high production per ha of water body, fast growing compatible 
species of fish of different feeding habits are stocked together in the same pond so that 
all its ecological niches are occupied by fishes. This system of pond management is 
called mixed fish farming or composite fish culture or polyculture. 

4.6.19. INDIGENOUS AND EXOTIC CARPS FOR COMPOSITE or 
POLYCULTURE OR MIXED FISH CULTURE IN INDIA 

@ What are carps 2 The economically important as well as cultivable hervivorous 
scaly fishes (having scales on body but not on head) without any teeth which are bony 
with air bladder as well as under the order cypriniformes are known as carps. Carps are 
of two types, such as indigenous and exotic carps. 

© Indigenous carps : Carps that are normally available in the inland waters of the 
Indian region are known as indigenous fish. Indigenous carps are of two kinds, such 
as major and minor carps. 


Silver carp 


Fig. 4.17 : Exotic fishes. 
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la) Major carps: The carps that ane bag uad cultivable fishes with rapid growth 
and high demand in the market are known at major carps. 
[b) Minor carps : The carps that are comparatively small-sized with slow growth 
arc known as minor carps, such as Bata (Labeo basa), Panti (Barbus tieto) ete 
© Exotic carps: Carpe which have been imported from other countries and acclimatize 
to our climate are known as ewotle fish, 
After xenes of experimental observations, three Indian major carps and three exotic 
carps have been selected for composite or mitad fish culture, 
© Indigenous major carps: 
1, Labeo rohita Rohu). 
2. Catla catla (Caila), 
3, Cirrhinus mrigala (Mrigal), 
© Exotic carps- 
|. Hypophthalmichthys motisris (Silver carp from China). 
2 Ctenopharyngodon idella (Grass carp from China). 
J. Cyprinus carpio (Common carp from Bangkok), 
4.6.20. ADVANTAGES OF COMPOSITE OR MIXED CULTURE 
[1] Selected species of indigenous and exotic carps are all compatible f they 
have different feeding habits and habitats in the same pond ; so they are not 
compitators to each other for food and space. 
12] The foods of the different layers in pond-water are fully utilised by the carps 
in mixed culture, 
[3] Induced breeding can also be done in the exotic carps. 
[4] They are fast growing and the total production of fishes is very high and cost 
of production is less ; this is also a profitable one. 


4.7. Economic Evaluation of Composite Fish Culture 


(Based on “Technologies for Inland Fisheries Development’ : Sugunan and 
Dhowmick- 1990 : CICPRI, Barrackpore). 


‘Table 10 : The expenditure and profit of table size fish production ; 
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(i) Expenditure will be (A + B) „. 2.902 
(ii) Interest (Bank loan) on the expenditure whe 49H 
amount at the rate of 15% 

(lii) So the total expenditure (12,962 + 4944) = Re. 37,906 
(iv) Return of money form the sale of 4,000 Rs. 60.000 
kg. of fish at the rate Rs, INR. 

So the net profit (60,000 ~ 37,906) = Rs, 22,100, 
4,8, Diseases of Carps and its Control 


‘There is no doubt about the increase of the production of fishes due to application 


48.1, BACTERIAL DISEASE 

The diseases like Tull and fin rot’, dropsy, eye disease etc., are caused by bacteris 

{a} Tail and fin rot : This is caused by a bacteria known at Tue Ta the 
Primary stage, the disease starts in the terminal part of the tail fin of the carpa Gradeally 
the disease spreads in the tail fin at well as in other fins and tse weden of the body are 
also involved in decompenition. Ultimately the fins are decomposed and detac tied from 
the body. Hence the diseased carps cannot move and enable to take any food As s 
result, they become weak and gradually they de 
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© Preventive Measures : 

|i] The affected fishes are to be removed from the stocking pond and are kept in the 
water of copper sulphate solution (S mgm, of copper sulphate per litre of water) for 
about $ minutes, 

lii] There is some beneficial effect if 200-250 gm. of potassium permanganate 
solution of water is applied in pond during night for consequtive seven days. 

liii] 30 Kg lime per bigha is to be applied in the pond during this period. 

[b] Dropsy : This disease is caused by a bacteria known as Aeromonas. Due to the 
attack of this bacteria there is accumulation of plenty amount of fluid in the abdomen 
of the carps, as a result the abdomen swells up. The fluid comes out through the vent 
simply by gentle pressure on the abdomen. There is looseness of scales of the fishes. 

© Preventive Measures : 

li] Infected fishes are kept for about 5 minutes in 1% or 2% dilute Potassium 
permanganate solution. 

[ii] There will be a good result after application of 1 or 2 Kg Potassium permanganate 
per bigha of pond water. 


4.8.2. FUNGAL DISEASE 

Gill-rot disease : This disease is caused by a fungus known as Branchiomyces 
sanguinis. This fungus attacks the fishes mainly in the summer season, The mycelium 
of the fungus penetrates into the gills of the fishes and draws its nourishment ; as a 
result the gills become pale and whitish. Ultimately there is respiratory trouble due to 
the decomposition of the gills and then fishes die. In addition to Gill. rot disease, ‘Fungal 
abscess’ also occurs in carps. 


© Preventive Measure : 
Affected fishes are to be immersed in 3-5% saline water for 5-10 minutes and then 
released to the pond. 


4.8.3, CRUSTACEAN DISEASE 

Argulosis is a disease which is caused by a minute crustacean animal known as 
Aulus, This is commonly known as carp lice. This Argulus remains attach to the 
external surface of the fish by hooks and suckers. So this ectoparasite draws blood 
from the host. The scales of the fishes become loose and red spots on the body are 
observed. They beome weak and even death may occur, 

© Preventive Measures : 

[i] Bamboo sticks are to be firmly implanted in the different places in the pond ; so 
that the affected fishes can have the opportunity for mechanical friction of the body 
against the bamboo stick ; as a result the ectoparasite, Argulus is detached from the 
body of the carps by mechanical friction. 

[ii] 3-4 kg of potassium permanganate and 40 kg of lime per bigha of pond water 
are to be distributed, as a result the ectoparasites will be detached from the body of the 
carps. 

4.8.4. PROTOZOAN DISEASE 

The disease myxosporidiosis is caused by a protozoa known as Myxobolus, Due to 
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the attack of Myxobolus, the white spots are developed on fins, gills etc. The scales are 
also detached from the body. 


Fig. 4,18 : Diseases and enemies of fishes. 
© Preventive measures: 
[i] The affected fishes are to be kept in the saline water. 
[ii] Lime is to be added in the pond water. 


4.8.5. HELMINTH DISEASE 

The fishes are also affected by flatworms known as Gyrodactylus, This worm attacks 
the skin and gills of the fishes. There is a heavy secretion of mucus from the body of 
the carps and subsequently death may occur, 

@ Preventive measure: 

Affected fishes are kept in the saline water (30 gm salt in one litre of water) for 5 
minutes ; as a result, the worms will die and the gills of the carps are becoming normal, 


Table 11 : Showing the important diseases and its p tion in Ci 


ps: 
Name of Causative Symptoms of diseases | Preventive measures 
the diseases | Organism 


1. Tail and fin] Pseudomonas | First appears white line onj Copper sulphate 
rot (Bacteria) border area of the fins; | solution gives a good 
gradually the decomposi- 
tion starts in the tail as 
well as in other fins and j 
ultimately the fins are 


detached from the body. 
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Name of Causative Symptoms of diseases 
the diseases | Organism 


2. Dropsy Aeromonas The abdomen becomes 
(Bacteria) bulge due to accumulation 
of fluid, the body becomes 
pale and looseness of 
scales, 

The blood vessels of the 
gills are blocked by the 
mycelia of the fungus, as 
a result the gills become 
white and decomposed ; 
the fishes die due to 
respiratory blockage. 
White spots appear on 
gills and fins ; subse- 
quently the scales are 
detached from the body. 
There is a plenty secretion 
of mucus from gills ; 
subse-quently respiratory 
problem. 

Scales of the fishes be- 
come loose from the body 
due to the attack of the 
ectoparasite and the fishes 
become weak. 


Preventive measures 


This disease may cure 
after application of 
dilute potassium 
permanganate solution. 


3. Gill rot Branchiomyces 


(Fungus) 


There is a good result in 
3-5% saline water by 
keeping 5-10 minutes. 


Immersed in saline 
water. 


4. Myxospori- 
diosis 


Myxobolus 
(Protozoa) 


Infected fishes are 
transferred to 5% saline 
water for five minutes. 


5. Helminth 
disease 


Gyrodactylus 
(Flatworm). 


Parasites are removed 
from the body by the 
mechanical friction 
against the bamboo pole 
in water ; fishes may be 
immersed in 3% saline 
Water. 


6. Argulosis | Argulus 


(Carplice) 


4.9. Jeol Fish Culture 


Fishes which have accessory respiratory organ for air breathing in addition to gills 
are known as jeol fish (air breathing fish), such as Magur (Clarias batrachus), Singhi 
(Heteropneustes fossilis), Koi (Anabas testudineus). There are sensory barbels 
surrounding the mouth of Magur and Singhi, so they are also known as cat-fishes. 
Murrels like Channa punctatus (Lata), Channa striatus etc., are air breathing fishes. 
Hence they are also regarded as jeol fish. 

Magur, Singhi and Koi, these air-breathing fishes though thrive well in swamps 
and weedy marshes, can also withstand slightly brackish waters. These fishes are 
marketed alive and hence they are given the collective name ‘Live fishes’. These air- 
breathing ‘live fishes’ are known for their nutritive, invigorating and therapeutic qualities 
and are recommended by physicians as diet during convalescence. In some parts of 
India, live fishes are preferréd over major carps and, as such are often in great demand, 
fetching a much higher price. According to marketing of fish in India, production of 
live fish accounts for 15% of country’s total marketable of inland fish. 
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By virtue of their aerial-respiratory organ, air-breathing fishes can tolerate and can 
be cultured in waters which are generally quite deficient in dissolved oxygen content 
such as those of swamps, marshes, wetlands, oxidation ponds etc, 


4.9.1. ADVANTAGES OF JEOL FISH CULTURE 


[1] They can thrive well in water where dissolved oxygen content is deficient. 

[2] They breed in confined waters during monsoon months, 

[3] Their growth is rapid and transport cost is less. 

[4] Due to higher nutritive value of ‘live fishes’ there is a great demand, hence 
fetching a much higher price. 

[5] Induced breeding can be done as that adopted for major carps, 

[6] Their marketable size harvested by six to seven months, 


4.9.2. METHODS OF JEOL FISH CULTURE 


There are two methods, such as mixed culture and monoculture. In mixed culture 
or polyculture, two or more species of fish can be cultured in the same pond, But in 
monoculture, single species of fish is cultured in a pond. 


4.9.3. MONOCULTURE OF Clarias batrachus (MAGUR) 


Magur inhabits freshwater rivers, swamps and ponds. It is a highly esteemed food 
fish and is cultured in India. In nature, magur is known to breed profusely during 
monsoon in paddy fields. Hatching occurs after 20 hours and the tender hatchlings are 
absorbing their yolk sac by about Sth day. After Sth day, the hatchlings start feeding 
zooplankton, The spawn attains a length of 2 cm in about 15 days. Young fry feed on 
protozoans, small crustaceans, rotifers and phytoplankton. Magur, in its adult stage, 
subsists on insect larvae, shrimps, worms, fish and organic debris found on pond bottom, 

For magur culture, their fry should be stocked in well prepared nursery ponds, 
Magur fingerlings are grown in stocking ponds. Stocking ponds for magur fingerlings 
should also be carefully prepared. The traditional carp nurseries and rearing ponds 
after harvesting the fingerlings by November/December could be used for culture of 
magur from January to June every year and their marketable stock harvested before 
monsoon, Marketable-sized Magur weigh 200 g. 


Preparation of pond : 


Mugur (Clarias batrachus) can be cultured in all types of ponds whether it is small 
or large. It is possible to culture in a pond which varies from a cattah to one bigha, But 
in the selected pond, there will be at least two feet depth of water during the summer 
season. If there is water-hyacinth on the surface water that is to be cleaned as maximum 
as possible. Before stocking of magur fingerlings, the old fishes of the pond specially 
carnivores are to be removed by net. If the net fails to remove all the unwanted fishes, 
then only the mohua oil cake is to be added in the pond. Otherwise, no chemical or 
organic fertilizers are essential for culture of jeol fishes. 


© Stocking rates of fingerlings : 

After rainy season, 6000-7000 magur fingerlings per bigha of water area are stocked 
in a prepared pond. Healthy fingerlings are to be released in a stocking pond. Average 
weight of each fingerling is 10 g. and the length is 8-12 cm. which gives 100-125 
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fingerlings in a kilogram. You can purchase these magur fingerlings from your local 
market or from a market at Canning, 24 Parganas (South). 


o Supplementary food: 

After stocking of fingerlings in the pond, a supplementary food is to be given to the 
fingerlings. They are fond of proteinous food. Magur fingerlings are fed on semi-dried 
feed balls consisting of fish meal 70%, ground oil cake 20% and wheat flour as binder 
10%, fortified with essential vitamins and mineral mixtures. The rate of feeding is 
ranged from 4 to 6% of body weight. In the first month, such as the total weight of 
1000 fingerlings is 10kg. Hence the total food is required for 1000 fingerlings 400- 
500 gm. daily ; one fourth food is to be given in the morning and rest food is to be given 
in the evening. In the subsequent months, depending on the increased weight of the 
fingerlings, the amount of food will be increased accordingly. 


Management and Care: 

[1] Examination of fishes is to be made by netting in every month and observe the 
growth of the fishes. 

[2] If the growth of the fishes is retarded then cowdung is to be added in the four 
corners of the pond. Because the magur fishes use the cowdung as their food 
and then growth will be rapid. Generally in a 4 Cattahs of pond, 20-25 kg 
cowdung is applied for 10 to 15 days in a month. 

[3] In the last month of the rearing there is no necessity of increasing of 
supplementary food, 

[4] Recycling of water is to be done in a stocking pond. 


@ Harvesting : 

After 5 to 6 months of rearing, the magur fishes become marketable size and then 
10-11 fishes will be one kilogram. Total harvesting will be done after dried up of pond 
by pumb. Near about 400 - 500 kg. of magur fishes can be harvested per bigha of pond 
water. 


4.9.4. DISADVANTAGES OF MAGUR CULTURE 


It has been observed that some diseased fishes come up the surface of pond water 
and after some time these fishes enter to the bottom of the pond water. At that time, 
teramycin medicine can be applied with the supplementary food. Generally 100 mg. 
teramycin is mixed with per kg supplementary food for first three days. Subsequent 
two days, the amount of the medicine will be reduced to half. In the last two days, again 
reduce to half, i.e., 25mg. per kg of supplementary food. Recycling of water in the 
pond is also to be done 

In this way, we can prevent the diseases of magur fish in the pond culture. 


4.10. How Production of Inland Fishes Can Be Improved 


Following measures are to be taken for the improvement of production of inland 
fishes. 
[1] The area of culture fisheries are to be increased by reclamation of unused 
ponds and ditches as well as by excavation of new ponds. 
[2] Protection must be taken so that the water of the pond must not be polluted 
by chemicals or other sewage materials. 
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[3]  Spawns of carps are to be collected through the process of induced breeding, 
so that we can get the desired type of pure fish seed. Hence the induced 
breeding is to be introduced widely. 

[4] The preparation of different types of ponds must be done properly and after 
releasing of spawns or fingerlings to ponds, management is to be done 
scientifically. 

[5] Netting of immature and egg-ladden female fishes during the breeding 
season should be stopped by enactment of laws. 

[6] The fishermen must have a proper knowledge about the diseases and enemies 

of fishes as well as its remedial measures. 

[7] Composite fish culture is to be introduced widely. Time to time scientific 
training must be given to the fishermen so that they become well aware 
about the modern technology of fishery. 

[8] Collection and transport system of fishes must be done scientifically. 

[9] Preservation and marketing of fishes are to be improved. 


[10] Training is to be given to the unemployed youths about the different projects 


of the culture fishery and arrangement of loan is to be made under the care of 
the Government. 

11] Development of new hybrids : Scientists in the different Research Institutes 
are trying to develop the better type of carps through hybridization process. 
They have developed the fertile hybrid carps both by inter-specific and inter- 
generic crosses. In this cross, the offspring (Hybrids) develops the 
characteristic features of both the parents, i.e. they are intermediate in form. 
These hybrid carps acquire greater immunity against the diseases as well as 
the growth rate becomes faster. So if a cross is made between the two types 
of carps, the offspring is known as hybrid carp. Hybrid carps are of two 
types, such as inter-specific and inter-generic hybrid carps. 

li] Inter-specific hybrid carps : When a cross is made between the two species 
of the same genus, the offsprings are known as inter-specific hybrid carps. 
Example—Labeo rohita x Labeo calbasu = Rohu-kalbasu (Hybrid carp). 


[ii] Inter-generic hybrid carp : When across is made between the two members 
of the different genus, the offsprings are known as inter-generic hybrid 
carp. Example - Labeo rohita x Cirrhinus mrigala = Rohu-mrigal (Hybrid 


carp). 


4.11. Matters to Recollect 


i= 


Fishery : Scientific way of cultivation, procurement and marketing of edible and 


economic fishes are generally known as fishery. 
Inland fishery : It is classified as brackish water fishery (Estuarine and bheri) 


and freshwater fishery (Riverine, lake and pond). 


region, such as Rohu, Catla, Mrigal and Calbasu. These are major carps. 


we 
ts Indigenous carps : These are normally available in the inland waters of the Indian 
iS 


Exotic carps : These carps have been imported from other countries and have 
been acclematised in our environment, such as Silver carp and Grass carp from 


China. 
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Pond for carp culture : Generally three types of ponds are required, such as 

nursery pond, rearing pond and stocking pond. 

Stages of carp : There are four Stages, such as egg, spawn, fry and ſingerling. 
The fingerling grows to adult Stage. The fingerling is reared in the stocking pond 
where marketable size is developed. 

r preparation of pond : Ponds must be prepared scientifically so that there will be 
no deficient of dissolved oxygen as well as food for the carps. Though 
supplementary food is to be given to the fishes. 

" Collection of fry and fingerlings : Fry and fingerlings are collected from the 
tiver bank, breeding place of the flooded shallow area of river, bundh breeding 
technique and induced breeding. 

r Induced breeding: Carps are riverine fishes. They breed in the river water in the 
rainy season. Growth only takes place in the pond water. But by injection of 
pituitary extract to the matured carps, spawning also takes place in the pond water. 

e Mixed culture (composite fish culture) :When three indigenous major carps 
along with the two or three exotic carps are cultured in the same pond, itis known 
as composite culture or mixed culture. 

e Diseases of carps : Fin and tail rot, Dropsy, Gill rot etc., are the important diseases 

of carps. 


4.12. Summary 


Agricultural-zoology has been developed due to the close relationship in between 

the agriculture and zoology. Agricultural zoology deals with the harmful animals in 
relation to plants as well as beneficial aquatic animals in relation to the production 
of foods and other products for human beings. 

Scientific ways of breeding, rearing and collection of edible fishes as well as 
other economically important aquatic animals are known as fishery. 

Though there is imense storage of fishes in the deep sea yet the fishes of the 
coastal sea are mainly collected in our country, Sardine, Mackerel, Pomfret like 
edible fishes are collected from the coastal sea. 

Inland fishery includes the rivers, river-mouth, canals, ponds, lakes etc. The 
primary work of the fishery in river and river-mouth is to collect, transport and 
marketing of fishes ; there is no question of rearing. Hence this is known as capture 
fishery. But in confined water like ponds, lakes and reservoirs, in addition to capture 
of the fishes they are being reared and hence this type of fishery is known as culture 
fishery. 

Indigenous fishes like Rohu, Catla, Mrigal and Kalbasn along with the exotic 
fishes like Silver Carp, Grass Carp and Cyprinus are known as major carps, Normally 
all these carps are laying eggs in river. Naturally they are not laying eggs in ponds. 
They are actually the fishes of the river. But the spawns that are collected from the 
river bed are reared in the ponds. Though in modern days it beomes possible of 
laying of eggs in the ponds through bundh breeding and induced breeding techniques. 

Six species of carps both Indian and exotic can be reared in the same pond. This 
is known as composite or mixed fish culture. This is possible because of their feeding 
habits and habitats are different. As for example, Catla is surface feeder, Rohu is 
column feeder and Mrigal is bottom feeder. 
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All carps are herbivorous ; in the life-cycle of carp following stages are observed 
such as egg, spawn, fry, fingerling and adult. 

In carp culture the spawn, the fry and the fingerling are reared in different types 
of ponds. Spawn of 6.5 to 7mm long is reared in nursery pond ; Fry of 20 to 25 mm 
long is reared in rearing pond and fingerling of 8 to 13 cm. long is reared in stocking 
pond. 

The nursery pond or tank is small sized ; rearing pond is middle sized and stocking 
pond is large sized tank. 

For the development of sufficient fish-food in the pond, organic manure such as 
cowdung and inorganic fertilizers such as ammonium sulphate and super phosphate 
are supplied to the water of the pond. In addition to this, some amount of 
supplementary food is also supplied to the pond. The supplementary food is prepared 
with a mixture of equal amount of ricebran and mustard oilcake (1: 1 ratio). 

After rearing of 15 days, the spawns are developed into fry. After rearing of 3 
months, the fry is transformed into fingerling. In stocking pond, the fingerlings are 
reared and at the end of the year each fingerling attains a weight of about 700 to 900 
gm. 

Various types of diseases namely fin and tail rot, dropsy, gill rot etc., occur in 
carps. These diseases are caused by bacteria, fungus, protozoa and helminth. The 
affected fishes are to be taken out from the pond and are placed in a separate small 
water-reservoir for their proper treatment. 

Jeol fish culture specially the magur culture has been newly introduced by the 
Fishery Department and it becomes gradually popular to the fishermen in the rural 
areas. 


4.13. Naming/Discovery/Discoverer 

[1] Houssay (1930) : The concept of the application of pituitary injections for 
successful spawning of fish is due to Houssay of Argentina. 

[2] Von Ihering, Martins, Cardoso, de Azevedo et al. (1934) : They conducted 
experiments on fishes with various hormone injections and achieved success 
in spawning of fish at Brazil. So Brazil was the first country to develop a 
technique for hypophysation. 

[3] Gerbilskii (1938) : He was a Russian Scientist who succeed in hypophysation. 
This method is being utilised in Russia for production of sturgeon eggs in 
the farms. Hence the Russians are considered to be the second country in the 
introduction of hormone treatment in fish culture. 

[4] Khan (1938) : He was the first man in India who first attempt to induce 
fishes in spawning by mammalian pituitary hormone. He succeeded in 
inducing ovulation in Cirrhinus mrigala. 

[5] Choudhury (1955) : He was the first who successfully induced fish to breed 
by interperitoneal injection of Catla pituitary gland extact, 

[6] Ramaswamy and Sundararaj (1957) : They successfully breed catfishes 
like Heteropneustes fossilis and Clarias batrachus by hormone injection. 

[7] Chaudhuriand Alikunhi (1957) : They succeeded in inducing Labeo rohita, 
Cirrhinus mrigala, Labeo bata and other fishes to breed by injecting them 
with carp pituitary extracts. 
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[8]  Chondar (1984) : He has described in detail the induced breeding technique 
of the Indian major carps. 


4.14. Answers To Special Questions 
[1] What is fishery ? 

Ans. Culture, propagation and judicious exploitation of natural resources in water, 

come under the domain of fishery. 
[2] What are carps ? 

Ans. Carps are edible adult herbivorous group of fishes without any teeth in the 
mouth. Their body is covered with cycloid scales, except in the head region and 
they have an air-bladder. 

[3] Write the scientific names of four major or main carps found in W. Bengal. 

Ans. (a) Labeo rohita (Rohu) 

(b) Catla catla (Catla) 
(c) Cirrhinus mrigala (Mrigal) 
(d) Labeo calbasu (Kalbose) 
la] Give the scientific names of main estuarine fishes and exotic fishes. 
Ans. (a) Estuarine fishes: (i) Mugil parsia (Parse) 
(ii) Muguil tade (Bhangar) 
(iii) Lates calcarifer (Bhetki) 
(iv) Polynemus sp. (Tapse) 
(b) Exotic fishes : (i) Cyprinus carpio (Common carp) 
(ii) Hypophthalmicthys molitrix (Chinese silver carp) 
(iii) Ctenopharyngodon idella (Chinese grass carp) 
(iv) Telapia mossambica (Telapia) 
[5] What are exotic and indigenous carps ? 

Ans. Exotic ; Exotic carps are those which are imported from other countries, 
acclimatised in Indian condition and breeding normally here. 

Indiginous : Carps which are originally found in our country are known as 


= 


indiginous. 
[6] Write about the combination and proportion of different carps in a mixed 
culture. 
Ans. Suitable species combination and proportion are given below: 

li! Catla — 500 

[ii] Rohu - 1500 

[iii] Mrigal - 750 

[iv] Silver carp - 1000 

[v] Grass carp - 500 

[vi] Cyprinus carp - 750 


[7] Discuss the advantages of mixed carp culture. 
Ans. (a) Such fast growing carps yield high production. 
(b) The compatible carps do not interfere with life requirements and each other. 
(c) One type of carp may influence the growth and accelerate in production of 


the species. 


[8] 
Ans. 


[9] 
Ans. 
[10) 


Ans. 


1111 
Ans. 


[12] 
Ans. 


[13] 
Ans. 
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What are the specialities of the exotic fishes ? 

Following are the specialities of the exotic fishes : 

(a) Their rate of growth is very high, 

(b) Their rate of reproduction is high. 

(c) Their flesh is of good quality. 

(d) New varieties are produced by the hybridization process with some species 
of our country. 

(e) High yield of fish crop is possible. 

What is culture fishery ? 

Culture fishery is a scientific method for culturing edible freshwater fishes. 
What are the limitations in the method of collection of spawns of carps 
from their breeding spot ? What method is now employed to overcome the 
limitations ? 

Limitations are given below : 

(i) There is a limitation of number of spawns of carps in their breeding spot. 
(ii) The fish-seed which is collected from breeding grounds has certain 
drawbacks because a mixture of eggs of various types of fishes is obtained in 
which some eggs may be of predatory fishes. 

(iii) There is difficulty to identify the different variety of spawns of carps. 
(iv) There is high mortality rate of spawns of carps. 

(v) There is high transportation costs of spawns of carps. 

To overcome these limitations, induced method of breeding has been introduced. 
What is induced breeding ? What are the advantages of this method ? 
Breeding of adult male and female carps by stimulating them with injection of 
pituitary extracts (hormones) taken and prepared from the pituitary gland of 
another adult fish is known as induced breeding. 

Advantages : 

(a) Large number of desirable pure fish-seeds are available, Ie admixture of 
various fish-eggs can be prevented, 

(b) Fishes are allowed to breed only specific selected brood fishes in breeding 
ponds which normally they do in river, 

(c) Breeding is possible for every six months. 

(d) Hybridisation is possible for superquality of fishes. 

(e) In this method, there is a high production and the cost of transport becomes 
low and we can save time as well. 

What is composite fish culture ? 

Composite fish culture is the culture of both indigenous and exotic carps in a 
definite proportion in a pond under proper management, in order to increase 
the rate of production and at the same time to reduce the cost of production. 
Give the scientific name of some minor carps. 

(i) Barbus stigma, 

Gi) Barbus ticto. 

Gii) Barbus conchonius. 

(iv) Barbus puntia. 

(v) Labeo bata. 
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Why extract of pituitary gland is used in hypophysation ? 

In hypophysation, pituitary extract is used because the gonadotrophic hormone, 
i.e., Follicle stimulating hormone (FS. H.) and Luteinising hormone (L. H.), is 
secreted by pituitary gland which influences the maturation of gonads and 
spawning in the fishes. 

What is hybrid carp ? 

Hybrid carp may be defined as a selective carps with desirable qualities are 
made to interbreed so as to produce the superior offsprings. 

Distinguish between inter-specific and inter-generic hybrid carps with 
example, 

Inter-specific hybrids : When across is made between the two different Species 
of the same genus, the offspring is knwon as interspecific hybrid carp. 


Example: (i) Male Labeo rohita x Female Labeo calbasu = Rohu calbasu (hybrid 


carp). 

(ii) Female Labeo rohita x Male Labeo calbasu = Calbasu Rohu (hybrid 
carp). 
Inter-generic hybrids : When a cross is made between the two species 
belonging to two different genera, the offspring is known as intergeneric hybrid 


carp. 


Example : (i) Male Catla catla x Female Labeo rohita = Catla rohu (hybrid carp). 


[17] 
Ans. 


[18] 
Ans. 


[19] 
Ans. 


[20] 
Ans. 


(ii) Male Catla catla x Female Labeo calbasu = Catla calbasu (hybrid carp). 
Generally observed that the offsprings are intermediate in character and 
in some cases hybrid attain early sexual maturity. 


What is glass jar hatchery ? Mention its advantages. 

The process by which the spawns are developed from the fertilized eggs in a 
special type of glass jar is known as glass jar hatchery. 

Advantages : 

(i) There is no deficiency of oxygen in the glass jars. 

(ii) 98% spawns are developed from the fertilized eggs. 

What is hapa ? 

The rectangular cage like structure with considerable depth and space made by 
fine mosquito net are used for breeding, hatching of carp is known as hapa. 


What is Jeol fish ? Give examples. 

Fishes which have accessory respiratory organ for air breathing in addition to 
gills are known as Jeol fish. 

Examples: Magur (Clarias batrachus), Singhi (Heteropneustes fossils), Koi 
(Anabas testudineus) etc. 


What are the advantages of Jeol fish culture ? 

(i) Jeol fishes can thrive well in oxygen deficient water. 
(ii) Fishes breed in confined water. 

(iii) Induced breeding can be done on Jeol fishes. 

(iv) Their growth is rapid and transport cost is less. 
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@ A. Essay type: 


111 
121 
[3] 
[4] 


[5] 


(6) 


7 


(8) 
191 


110 


my 


[12] 


113] 


114 


[15] 
1161 
(17) 


1180 
1191 


[20] 


What are carps ? Give the scientific names of three major carps of West Bengal. Describe 
briefly the nursery and rearing tanks required for carp culture, (Ans. 4.14, 4.6.12, 4.6.13) 
Write the scientific names of three major carps of West Bengal. Give a brief description of carp 
culture in West Bengal. (Ans. 4.14, 4.6.7) 
(a) Give the scientific name of two estuarine and two exotic fishes. (b) What are the specialities 
of the exotic fishes ? [J.E.E. 1986] (Ans, 4.14) 
(a) What is exotic fish ? (b) Suggest a compatible species combination of inland and exotic 
carps suitable for composite mixed culture and write why they are selected, (c) Write advantages 
of such culture. [J.E.E. 1988] (Ans. 4.14, 4.6.20) 
What are exotic and indigenous carps ? Write about the combination and proportion of different 
carps in a mixed culture and discuss the advantages of mixed culture. 

[J.E.E. 1990] (Ans, 4.14) 
(a) What is culture fishery ? (b) What are the limitations in the method of collection of spwans 
of carps from their breeding spot ? (c) What method is now employed to overcome the 
limitations ? (d) What are the advantages of this method ? [J.E.E. 1991) (Ans. 4.14) 
(a) What is fishery ? (b) Give the scientific name of two minor carps. (c) Why extracts of 
pituitary gland is used in hypophysation ? (d) Discuss the role of hypophysation in mixed 


culture. IJ. E. E. 1992] (Ans. 4.14) 
(a) What is induced breeding ? (b) Mention two advantages of this type of breeding. (c) What 
is composite fish culture ? [J.E.E. 1993] (Ans. 4.14) 


(a) What are carps ? (b) Write the scientific name of one major and one exotic carp. (e) What is 
hybrid carp ? (d) Distinguish between interspecific and intergeneric hybrid carps with example, 

II. E. E. 1994] (Ans. 1.14) 
(a) What are the principal divisions of inland pisciculture ? State briefly about them. (b) What 
is composite fish culture ? What are its advantages ? (c) Name one fungal and one bacterial 
disease of fish. [J.E.E. 1995] (Ans. T.2, 4.6.18, 4.6.20, 4.8) 


(a) What are carps ? (b) Name the scientific terms for the three main carps found in West 
Bengal. [J.E.E. 1996] (Ans. 4.14, 4.6.19) 
(a) What is an exotic fish ? Write the scientific name of two such fish, (b) Suggest compatible 
species combination of inland and exotic carps for composite mixed culture, (c) What is hapa ? 
II. EE. 1997) (Ans. 4.6.19, 4.6.17, 4.14) 
(a) Write the scientific name of the three major carps found in West Bengal. (b) How female 
and male carps are identified in rainy season ? (c) Name two important diseases of fish. 
[J.E.E. 1998] (Ans. 4.6.19, T.8, 4.8) 
(a) What is fishery ? (b) What do you mean by carp ? Give example. (c) What is the causative 
organism of gill rot ? (d) What is exotic fish ? Give example. 
[J.E.E. 1999] (Ans, 4.14, 4.8.2, 4.6.19) 
What is exotic fish ? What is the scientific name of Silver carp ? J. E. E. 2000] (Aus. 4.6.19) 
What is induced breeding ? Write briefly on induced breeding of major carp. (Ans, 4.6.15.2) 
What is carp ? Write the scientific names of three exotic carps. State briefly about the nursery 
and rearing tanks necessary for carp culture in West Bengal. (Ans. 4.14, 4.6.12, and 4.6.13) 
What do you mean by Jeol fish ? Describe the culture of magur in a pond. (Ans. 4.9., 4.9.3) 
(a) Name two fish parasites. (b) Define carp. (c) Mention the scientific names of three major 
carps in West Bengal. How male and female carps are identified in rainy season ? 
[J.E.E. 2001] (Ans. J. II, 4.14, T.8) 


Describe briefly the procedure of induced breeding in major carp. 
JE. E. 2004] (Ans. 4.6.15.2) 
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© B. Short answer type: 
[i] What is agricultural-zoology ? 
[ii] Mention a short sketch of classification of fishery. 
[iii] Write down the name of three edible marine fishes. 
[iv] What is pisciculture (fishery) ? 
[v] What is marine fishery ? 
[vi] Write down the scientific name of four Indian major carps. 
[vii] What is inland fishery ? 
[viii] What is capture fishery ? 
[ix] What is fingerling ? 
[x] What is supplementary food and how is it prepared? 
[xi] How will you identify the mature male and female carps 2 
[xii] What is composite fish culture? 


[xiii] Mention few steps for the improvement of carp production. 


[xiv] What is hatching hapa ? 

[xv] What are the stages in the life history of a carp ?. 

[xvi] What is bundh breeding ? 

[xvii] What is induced breeding ? 

[xviii] What are the functions of Mohua oil cake in fish culture ? 
[xix] What are benefits in induced breeding ? 

[xx] What is glass jar hatchery ? 


C. Distinguish between: 
[1] Wet bundh and dry bundh. 
[2] Hatching hapa and breeding hapa. 
[3] Bundh breeding and induced breeding. 
[4] Monoculture and polyculture. 
[5] Fry and fingerling of carp. 
[6] Brackish water fishery and freshwater fishery. 
[7] Capture fishery and culture fishery. 
[8] Nursery pond and rearing pond. 
[9] Egg of Rohu and egg of ealbasu. 
[10] Early fingerling of catla and mrigal. 


@ D. Write Short Notes: 
[1] Zooplankton 
[2] Mixed fish culture 
[3] Hapa 
[4] Bheri fishery 
[5] Estuarine fishery 
[6] Riverine fishery 
[7] Exotic carps 
[8] Feeding habits of Indian major carps. 


© E, Choose the correct answer: 


[1] Natural place of egg laying of carps is the sea / river / pond. 


[2] Carps are carnivorous / omnivorous / herbivorous animal. 


[3] Approximately each spawn is of 10 cm /20 mm / 7 mm in length. 


(Ans. 4.2) 
(Ans. Table 1) 
(Ans. 4.5.1) 
(Ans. 4.3.1) 
(Ans, 4.5) 
(Ans. 4.6.6) 
(Ans. 4.6) 
(Ans. 4.6.5) 
(Ans. 4.6.13) 
(Ans. 4.6.12b) 
(Ans. 7.8) 
(Ans. 4.6.18) 
(Ans. 4.10) 
(Ans. F. note 4.6. 15. 2) 
(Ans. 4.6.10) 
(Ans. 4. 6.15.1) 
(Ans. 4. 6.15.2) 
(Ans. 4.6. 12a) 
(Ans. 4.6. 15.3) 
(Ans. 4.6.16) 


(Ans. 4.6.15. J) 

(Ans. F. N. 4.6. 15.2) 

(Ans. 4.6. 15.1 & 4.6. 15.2) 
(Ans. 4.9.2) 

(Ans. 4.6.11) 

(Ans. 4.6.1 & 4.6.4) 
(Ans. 4.6.5 & 4.6.6) 
(Ans. 4.6.11) 

(Ans. I. 4) 

(Ans. J. 7) 


(Ans. 4.6.12) 

(Ans. 4.6.17) 

(Ans. F. N. of 4. ö. 15.2) 
(Ans. 4.6.3) 

(Ans. 4.6.2) 

(Ans. 4.6.5) 

(Ans. 4.6.19) 

(Ans. J. 3) 


[4] To destroy the unwanted fishes of rearing pond, the mustard oil cake / ground nut oil cake / 
S 


mohua oil cake is used. 


[5] Carps thrive well in high alkaline / acid / slightly alkaline water of pond. 

[6] Normal habitat of Lata / Koi / Parse fish is in estuary of river mouth of West Bengal. 
[7] Fin and tail rot disease of carps is caused by a fungus / bacteria / protozoa / helminth. 
[8] Fungus create a disease in the carp known as Dropsy / Gill rot / Myxosporidiosis. 
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F. Matching type : 
Select words from column I to make appropriate pairing with those in column Il: 


Column I Column II 

1. Induced breeding (i) Grass carp. 

2. Chinese carp (ii) Pituitary hormone. 

3. Moan (iii) Fingerlings. 

4. Stocking pond (iv) Bundh breeding. 

5. Indigenous carp (v) Fertilized eggs of carp. 

6. Hatching hapa (vi) Rohu and Catla. 

7. Carp lice (vii) Bacterial disease. 

8. Dropsy (viii) Ectoparasite. 

9. Fungus disease (ix) Glass jar hatchery. 

10. 98% hatching (x) Gill rot. 

@ G. Put / Mark on Yes or No for correct statement : 
[1] Eggs and spawns of carps are naturally collected from the river bed. n. Yes / No. 
[2] In nursery pond the fingerlings are reared for three monts. Yes / No. 
[3] In induced breeding each male carp is injected twice with the pituitary extract. Yes / No. 
[4] The pituitary extract is introduced by syringe near the dorsal fin. Yes / No. 
[5] In induced breeding, the fish seed will be in pure form. „ 
[6] During breeding season the abdomen of a female carp becomes swollen and soft. 
Yes / No. 

[7] The pectoral fin of a male carp becomes smooth during the breeding season. Yes / No. 
[8] Argulus, a carplice belongs to the group of protozoa. aw. Ves / No. 


0H. Fill up the blanks with appropriate word: 

[1] Catla fish is living in the layer of pond water. 

[2] In the life history of a carp egg. , fry, „these 
four stages are present. 

[3] The principal food of spawns is 2 

[4] In the rearing pond is reared. 

[5] The shallow flooded area near the river is known as j 

[6] The bundh breeding is introduced in the districts of and 
in West Bengal. 


[7] After introduction of pituitary extract the female and males are kept in a hapa. 
[8] During season if the genital region is slightly pressed in N 
eggs come out. 


Answers to Q. No. E, F, G and H 


E. [1] river. [2] herbivorous. [3] 7 mm. [4] mohua oil cake. [5] slightly alkaline. [6] Parse. 
[7] bacteria.. [8] Gill rot. 

F. land (ii), 2 and (i), 3 and (iv), 4 and (iii), 5 and (vi), 6 and (v), 7 and (viii), 8 and (vii), 9 and 
(x), 10 and (ix). 

G. [1] Yes. [2] No. [3] No. [4] Yes. [5] Yes. [6] Yes. [7] No. [8] No. 

H. [1] surface. [2] spawn, fingerling. [3] Zooplankton. [4] Fry. [5] breeding place. [6] Midnapore, 

Bankura. [7] breeding. [8] rainy, female. 


— 5 — 
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when climatic conditions are not conducive and the food is scarce. Female Bandicoot 
produces 2 to 14 offsprings which are sexually mature by 3to5 months. Life span of 
this species is about 200 days. 


5.3.4. CHANGING HABITATS AND REPLACEMENT OF SPECIES 


A number of field rats change their habitats, and shift from grasslands to crop fields, 
from crop fields to urban environment, and from peridomestic surroundings back to 
the fields. This knowledge on the species diversity and occurrence of multiple rodent 
species in a single habitat is extremely important for their proper management. 

It is revealed that Bandicota bengalensis in urban areas out numbered other sympatric 
rodent species. Most probably it is due to the predominance of females in the population, 
the ability to breed all the year round, burrowing habits, availability of food, the absence 
of natural enemies and more aggressive nature are the factors that have led to the 
inerease of Bandicota bengalensis in the city. Another reason to this phenomenon is 
the expansion of the township to natural grasslands and crop fields. When the City 
expanded Bandicota bengalensis inhabiting the open fields quickly adapted to live in 
houses, and colonized the cities of Kolkata, Howrah and Mumbai. 


5.4. Nature of Damage 


Rats are damaging to human beings in two ways, such as damage the crops in field 
and stored foods as well as damage the human health by carrying germs. These are 
described below. 


5.4.1. AGRICULTURAL CROPS IN FIELD 


Rats are one of the major pests of agricultural crops. They damage the crops from 
seedling to ripening stage of the crops. Bandicota bengalensis cuts the entire paddy 
earheads and eats only a few grains. A fair amount of losses, caused by the bandicoot, 
occurs due to their hoarding propensity. The mean daily amount of food removed by 
bandicoot is 67 g, compared to the mean daily consumption of 13 g by this species. 
Hence, each bandicoot hoarded about 54 g daily in the burrow. It is confirmed that 


bandicoot rats may store 5 times in their burrows the amount of food they eat. It is 
reported that the hoarding of paddy is to the tune of 10% of the total yield per hectare. 


5.4.2. STORED FOOD-GRAINS 


Damages to stored food-grains by rats vary to a great extent. It is estimated that 
overall losses of grains from rats in India at about 25% to 30% in storage. In a 100m? 
space in godowns at Howrah, the loss of grains due to rats was reported to be 4,200 kg. 


5.4.3. NATURE OF DAMAGE TO HUMAN HEALTH 


Rats carry deadly germs and spread diseases to man. Some such diseases are 
mentioned below. 

(a) Plague : This fatal disease is caused by bacteria known as Pasteurella pestis. 
This bacteria is transferred from rodent to rodent by rat fleas (Scnopeylla cheopis). The 
man is infected through the infected rat fleas. 

(b) Rat-bite fever : When a persion is bitten by rat, the germs which are present in 
the teeth and gum of rat are injected in the body of human being. As a result, there is 
fever to man. 
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5.5. Methods of Control 


A control operation reducing the rat population to 5—10% of its original level is 
considered to be a fair success. A single method may not achieve this level of control. 
It is therefore necessary that in an operation, more than one control methods should be 
used in an integrated manner. 

There are many ways by which we can control the rats, such as hunting, trapping, 
poisoning by baiting and by fumigation, biological control etc. 


5.5.1. HUNTING 


Trained peoples dug the rat-burrows, so that the rats come out from the burrows ; 
then the trained dogs and cats killed them. Some times the rat-burrows are filled up 
with water ; then the rats are coming outside the burrow and killed them by mechanical 
process. 


5.5.2. TRAPPING 


This is one of the oldest methods of rat control which is reported from the earliest 
civilization. A variety of traps can be used for capturing rats. Though trapping alone 
cannot control a rat population in large areas. It can be used as a follow-up action after 
a chemical control operation. Common snap traps and trap boxes are used against 
lesser bandicoots. The traps are to be set in the passage through which the rats move. 


5.5.3. POISONING BAIT BY RODENTICIDES 


The rodenticides are chemicals that kill the rodents (rats). Most of the rodenticides 
are in powder form. Rodenticides are usually classified as two types, such as acute 
poisoning and chronic poisoning. This two types of classification is based upon the 
mode of their action rather than their chemical structure or physiological action. 


5.5.3.1. ACUTE POISONING 


Chemicals that are acting quickly on rodent pests and kill the rats with single dose 
are known as acute poisoning. A single dose of poison when administered with food 
kills the rat, such as : Zine phosphide, Barium carbonate, Strychnine, Red squill etc. 

Zine phosphide—This chemical is probably the most common single dose 
rodenticide which is used in many countries including India. This chemical is a greyish 
black powder with distinct garlic-like odour. 

Preparation of poison bait : One part of Zinc phosphide is to be mixed with 40 part 
most preffered food specially wheat flour and 3 part with molasses, and then sufficient 
amount of water is to be added. After mixing, small pellets are prepard and these pellets 
will be more attractive to pests along with additives like vegtable oils, sugar and salt. 

These baits are to be placed just outside of the burrow or on the path of movement 
of rats. 

Poison effect on pests : Zinc phosphide baits are quite stable in air or non-acidic 
media. But when the pests ingest the bait, the acid of the stomach of the pest reacts 
with Zinc phosphide of the bait, as a result phosphine gas is released. This phosphine 
gas produces necrotic lesions and also damage the kidneys. As a result, there is death 
of the pest from heart failure. Generally, death may occur within two hours of bait 
intake. 
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Precautions : (i) The dead rats should be immediately removed from field after 
poisoning. 

(ii) Zinc phosphide is equally toxic to man, domestic animals and even more toxic 
to poultry birds. Therefore, utmost care should be taken in preparing baits from this 
toxic chemical. 

(iii) If 1% tartar emitic in zine phosphide baits is added then it increases safety to 
non-target animals and man; but the acceptibility of bait to the rat-pests will be reduced. 


5.5.3.2. CHRONIC POISONING 


Rodenticides which are used repeatedly in subsequent days for killing the rat pests 
are known as chronic poisons, i.e., multiple doses of rodenticides are administered that 
are poisoning slowly on rat- pests. 

How the Chemicals act on pest : Various chronic rodenticides have different chemical 
structures but their physiological action remains the same, ie., anti-coagulants. This 
type of rodenticides interfere with the blood clotting mechanism which resultts in fatal 
haemorrhages. These chemicals have cumulative effect and must be ingested daily for 
several days to reduce coagulating property of the blood and rat dies of bleeding that 
occurs both externally and internally. 

How to use the chronic rodenticides : These chemicals are to be used repeatedly. 
When the chronic rodenticides are administered with food or water, the rat-pests may 
not accept it. For this reason, it is advocated that these rodenticides may be spread on 
the path of the rat-pests. While cleaning their body and paws, the rat-pests engulf some 
of these rodenticides ; as a result, the effects of the chemicals are produced on the rat- 
pest. 

Examples of Chronic rodenticides : Warfarin, Fumarin, Diphacinone and 
Coumatetralyl. 


5.5.4. FUMIGATION 


Apart from the bait formulation, control of pests by chemicals can also be 
accomplished by fumigants. 

What is fumigant : Chemicals which evolve poison gases to kill the pests are known 
as fumigants and the process of using is known as fumigation. 

Fumigants or poison gases are now widely been used against rat-pest. 

Fumigants are not involved in the use of bait material and the danger to other grazing 
animals is nil. Lethal concentration of fumigants is built up quickly in the burrows and 
persisted for a considerable duration. Fumigation should always be carried out after 
zinc phosphide treatment. 

When to apply: In the morning or afternoon when the rats remain inside the burrows, 
fumigants are administered in the rat holes. Fumigants should not be applied in cloudy 
or rainy days. 

Examples of fumigants : Hydrocyanide (cyanogas), Aluminium phosphide, Methyl 
bromide and Ethylene bromide. 


5.5.5. BIOLOGICAL CONTROL 


Biological control is the suppression of a pest population either by increasing 
predation, by using anti-fertility agents or by pathogens. Biological control is an effective 
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measure for controlling vertebrate pests and can bring down their population below 
economic injury level. 


5.5.5.1. PREDATION 


Kites, Owls and Snakes are usually natural predators of rats in the field. Before 
employing predators as means of biological control, one must analyse basic predator- 
prey interactions. 


5.5.5.2. ANTI-FERTILITY AGENTS 


It has been observed that a number of Chemosterilants are producing sterility among 
rats. Use of furadantin and colchicine sterilized male and female Bandicota bengalensis 
respectively. Chemosterilant like furadantin when administered orally for seven days 
to male bandicoot, causes permanent sterility. The microanatomy of testes of furadantin 
treated male bandicoot reveals complete spermatogenic arrest at primary spermatocyte 
stage in all the seminiferous tubules. Colchicine when orally administered to female 
bandicoots for 21 days, causes permanent sterility. The microanatomy of ovary of treated 
female bandicoot clearly show degenerative changes in the ovary. 

Mestranol bait is an effective reproductive inhibitor for rats. 

Antifertility agents can only maintain the population at a low level after some other 
control operation. 


5.5.5.3. PATHOGENS 


The intensive introduction of pathogenic virus like Myxomatosis to wild rodent 
pest populations was successful in controlling the rat-pest. At present, this pathogen 
which causes disease to rat-pests is able to reduce the rat population to about 50 per 
cent. The rest is to be tackled by rodenticides. 

There is also success by introduction of pathogenic bacteria like Salmonella 
typhimurium and Salmonella enteritidis against rats. Salmonella enteritidis is highly 
pathogenic to rat-pest. After inoculation of this bacterium to Bandicota bengalensis, it 
causes extensive intestinal involvement and is transmitted in contaminate faeces from 
infected rats. This bacterium kills 18% Bandicota bengalensis. 

Generally this method of rat-pest control has very little practical value and has a 
great potential for public health hazard. 


— 


© Other Control Measures: 


5.5.6. ENVIRONMENTAL CONTROL 


Any change in the living environment which influences the presence or absence of 
the rat pests is an environmental control. 

The habitat alteration is also an effective way to reduce rat-pest. The reduced food 
and shelter will increase competition as well as aggressiveness among rats ; as a result, 
decrease in population through mortality or movement. The number of rat-pests can 
also be reduced by depleting the favourable vegetation or by improving the unfavourable 
ones. 

A band of crop which is difficult to husk by rats, i.e., clusterbean, if sown around 
the main crop, can also reduce the entry of rats. In Arunachal, Mizoram and other 
North-Eastern states of India, where rat-pests invade the paddy crops from the nearby 
bamboo forests, planting of ginger crop around the main crop can be very effective. 
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5.5.7. ELECTRIC FENCING 


Sub-lethal and lethal electric current in the fencing around the crops will stop the 
entry of rats in the paddy field. But the sub-lethal electric barrier provides better 
protection to the paddy fields than the lethal barrier. 


5.6. Matters To Recollect 


1 Bandicoots are mammalian pest. They are nocturnal in habit. 

They burrow with their strong claws and remain in the burrows throughout the 
day. They collect their food at night. 

t Adult bandicoots breed all the year round. Female bandicoot produces 2-14 
offsprings which are sexually matured by 3—5 months. Their life span is about 
200 days. 

t Bandicoots damage the agricultural crops by cutting the entire ear heads but they 
eat only a few grains. They store food in the burrows many times the amount of 
food they eat. They also cause hazards to human health. 

We can control the lesser bandicoots mainly by poisoning bait and fumigation. 
The most common chemical in poisoning bait is the Zinc phosphide. In fumigation, 
cyanogas is commonly used. 


5.7. Summary 


Bandicota bengalensis is commonly known as Lesser bandicoot which includes 
under class mammalia and order Rodentia. Now this field rat has become the most 
common mammalian pest of agricultural crops as well as stored food-grains. 

They are good burrowers. They dig burrow with their powerful claws upto the 
depth of more than one meter and the burrow ramifies laterally upto 9 to 12 metre. 
There is a central chamber in a burrow from which lateral extensions are made. The 
burrow has several openings and all these openings are kept lightly closed. Lesser 
bandicoots remain inside the burrows during the day time and actively collect their 
food from the field at night. So they are fossorial as well as nocturnal in habit. They 
are very aggressive in nature. They have the ability to breed all the year round. 

Lesser bandicoots damage the agricultural crops by cutting the entire ear heads 
and they store these materials to their burrows. Each Lesser bandicoot daily consumes 
small amount but destroys the grains many times. They also damage the human 
health by carrying the deadly germs. Plague is a fatal disease which is caused by 
bacteria known as Pasteurella pestis. This bacteria is transferred from bandicoot to 
bandicoot by rat fleas. Man is also infected through infected rat fleas. 

Many methods are applied to control the rat population. The most important 
methods are poison bait and fumigation. The poison bait is prepared by a rodenticide 
known as Zinc phosphide. These baits are to be placed just outside of the burrow or 
on the path of movement of Lesser bandicoots. This acute poisoning bait if ingested 
by rat-pests death occur within two hours. Fumigation should always be carried out 
after zinc phosphide bait treatment. In the morning or afternoon when the rats remain 
inside the burrows, fumigants are administered inside the rat holes. The common 
fumigant is Cyanogas. 
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5.8. Naming/Discovery/Discoverer 


1 
[2] 
131 
[4] 


[5] 


[6] 
[7] 
[8] 
[9] 


[10] 


m] 
[12] 


[13] 


H. N. Batra (1966) : He worked on the feeding and general habits of common 
species of Indian rats. 

J. K. Bhatnagar (1966) : He worked on the role of rats in the epidemiology 
of plague. 

S. Chakraborty (1975) : He observed on the biology and ecology of the 
Bandicota bengalensis (Lesser bandicoot rat) in the field. 

Louis Pasteur : He was the first to suggest the use of pathogens to control 
the rat-pest. 

D. E. Davis and W. L. Jensen (1952) : They claim that Salmonella enteritidis 
bacterium is highly pathogenic to rats. They are successful in controlling the 
rat pest by introducing this bacterium. 

J. E. Brooks etal (1980) : They observed the susceptibility of Bandicota 
bengalensis to several anticoagulant rodenticides. 

G. W. Fulk (1977) : He observed the food hoarding of Bandicota bengalensis 
in a paddy field. 

R. S. Gill (1978) : He worked on ecology and control of Bandicota 
bengalensis. 

W. E. Howard (1961) : He worked on Biocontrol and chemosterilants of 
rat-pest. 

P. T. Htun and J. E. Brooks (1979) : They worked on the laboratory about 
the evaluation of the toxicity and efficacy of zinc phosphide used as a 
rodenticide against the Bandicota bengalensis (lesser bandicoot rat). 

D. W. Parrack and J. Thomas (1970) : They studied the behaviour of 
Bandicota bengalensis (Lesser bandicoot rat). 

S. K. Roy (1980) : He studied the burrows, grain stores, movements and 
runs of the Bandicota bengalensis. 

A. S. Srivastava and P. M. Nigam (1975): They worked on the mechanism 
of action of chemosterilants in field rats, Bandicota bengalensis. They 
observed that furadantin and colchicine like chemosterilants caused sterility 
in Bandicota bengalensis (Lesser bandicoot rat). 


5.9. Answers To Special Questions 


1] 
Ans. 


[2] 
Ans. 


Give the systematic position and scientific name of lesser bandicoot rat. 
Phylum : Chordata. 

Subphylum : Vertebrata 

Class : Mammalia 

Order : Rodentia 

Scientific name : Bandicota bengalensis. 

What is pest ? Mention one mammalian and one insect pests. 

Any Organism that causes harm or damage to man, his animals, his crops, 
possessions, even if just causing annoyance, qualifies for the term pest. 
Mammalian pest : Bandicota bengalensis (Lesser bandicoot). 

Insect pest : Tryporyza incertulas (Stem borer). 
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[3] 
Ans, 


[4] 
Ans. 


[5] 


Ans. 


[8] 


Ans. 


[9) 
Ans. 


[10] 
Ans. 


(11) 
Ans. 
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What is the nature of burrows of Indian field rat ? 

Indian field rat is a good burrower. They burrow the soil with the help of powerful 
claws. This burrow extends to a depth of more than one metre and the burrow 
ramifies laterally upto 9 to 12 metres, ie., a central chamber with lateral 
extensions. The burrow has several openings to the out side and all these 
openings are kept lightly closed. 

Mention the utilities of burrow in the life of Lesser bandicoot rats. 
Utilities are given below— 

(i) Inside the burrow the Lesser bandicoots remain during the day time and 
these burrows are giving extra protection to the bandicoots. 

(ii) These burrows are acting as store house of food. 

How long the L. bandicoots remain alive ? Mention its breeding habit. 


Life span of Bandicota bengalensis is about 200 days. 


They are sexually matured by 3 to 5 months and thé adult bandicoots breed all 
the year round. But they exhibit peak reproductive activity during monsoon 
and winter. The reproductive activity is at its minimum during summer months 
when climatic conditions are not conducive and the food is scarce. 

What do you know about the feeding habits of L. bandicoot 7 


. Bandicoot rats are known for their versatile feeding habit. Their versatility 


depends upon the change of seasons which affects the availability of natural 
food to the bandicoot rats. Their selection of food depends on its nutritional 
richness, indicating a preference to high calorie value. They prefer rice, wheat, 
maize etc., as food. 

What is the nature of damage done by Bandicota bengalensis in agricultural 
crops ? 

This type of rats are damaging the crops from seedling to ripening stage of 
crops. Bandicota bengalensis cuts the entire paddy earheads and eats only a 
few grains. It is confirmed that bandicoot rats store 5 times in their burrows the 
amount of food they eat. The hoarding of paddy is to the tune of 10% of the 
total yield per hectare. 

What is the causative factor of Plague ? How is it infected to man ? 

The causative factor of plague is Pasteurella pestis which is a bacteria. 

This bacteria is transferred from rodent to rodent by rat fleas. The man is infected 
through the infected rat fleas. 

What is rodenticide ? How rodenticides are classified ? 

The rodenticides are chemicals that kill the rodents or rats. 

The Classification of rodenticides is based upon the mode of their action rather 
than their chemical structure or physiological action. Thus rodenticides are 
classified as two types, such as acute poisoning and chronic poisoning. 

What is acute poisoning ? Cite two examples of acute poison. 

Chemicals that are acting quickly on rat-pests and kill the rats with single dose 
are known as acute poisoning. 

Examples : Zinc phosphide and Barium carbonate. 

How bait is prepared with Zinc phosphide ? Where the baits are placed ? 
Poison bait is prepared on the following ways— 

(i) One part Zine phosphide + 40 part wheat flour + 3 part molasses + water. 


[12] 
Ans. 
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Ans. 


(14) 
Ans. 


[15] 
Ans. 


[16] 


Ans. 


(17) 


Ans. 


18] 
Ans. 


AGRICULTURAL ZOOLOGY : PEST AND ITS MANAGEMENT 657 


(ii) After mixing, Vegetable oils, sugar and salt are to be added. 

(iii) Now small pellets are prepared. 

These pellets are to be placed just outside of the burrow or on the path of 
movement of rats. 

How the Zine phosphide baits affect the rat-pests ? 

When the rat-pests ingested the Zinc phosphide bait, the acid of the stomach of 
the pests reacts with Zinc phosphide of the bait ; as a result phosphine gas is 
released. This phosphine gas produces necrotic lesions and also damage the 
kidneys. As a result, there is death of the rat-pest from heart failure. Generally, 
death may occur within two hours of bait intake. 

What is chronic poisoning ? Give two examples. 

Rodenticides which are used repeatedly in subsequent days for killing the rat 
pests are known as chronic poisoning, In other way, we can say that multiple 
doses of rodenticides are administered which are poisoning slowly on rat-pests. 
Examples: Warfarin and Fumarin. 

How the chronic poison acts on rat-pest ? How to use the chronic poison ? 
Chronic rodenticides have different chemical structures but their physiological 
action remains the same, i.e., they are anti-coagulants. These rodenticides have 
cumulative effect and must be ingested daily for several days to reduce 
coagulating property of the blood. Ultimately rat dies of bleeding that occurs 
both internally and externally. 

Chronic rodenticides may be spread on the path of the rat pests. At the time of 
cleaning their body and paws, the rat-pests engulf some of these rodenticides ; 
as a result, the effects of the chemicals are produced on the rat-pest. 

What are fumigant and fumigation ? Cite two examples of fumigants. 
Chemicals which evolve poison gases to kill the pests are known as fumigants 
and the process of using is known as fumigation. 

Examples: Cyanogas and Methyl bromide. 

What is biological control ? Mention the agents of biological control of rat- 


Control of pests by the use of other organisms which devour or destroy them. 
Agents : Predator of rats, using antifertility agents like furadantin and Colchicine, 
parhogenic virus and bacteria. 

Mention two pathogenic bacteria that control the rat pests and write any 
one of them about the action on rat-pests. 


Pathogenic bacteria : Salmonella typhimurium and 

Salmonella entritidis. 
Action on rat-pest : Salmonella enteritidis is highly pathogenic to rat-pest. 
After inoculation of this bacterium to Lesser bandicoot rats, it causes extensive 
intestinal involvement and is transmitted in contaninated faeces from infected 
rats, This bacterium kills 18% Lesser bandicoot rats. 
How paddy field is protected from rat-pests by electric fencing ? 
Sub-lethal and lethal electric current in the fencing around the crops will stop 
the entry of rats in the paddy field. But the sub-lethal electric barrier provides 
better protection to the paddy field than the lethal electric current barrier. 
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ee ee eee EXERCISE See eee 


@ A. Essay type: 


[1] Mention one mammalian pest of agricultural crops. Write down its scientific name. Give the 
external characters of this species. (Ans, 5.1 and 5.3) 
[2] What is pest ? Write down the feeding and breeding habits of Bandicoots. 

(Ans. 5.2, 5.3.2 and 5.3.3) 

[3] How the Bandicoots damage the agricultural crops in field as well as stored food-grains ? 
(Ans. 5.4.1 and 5.4.2) 

[4] What is rodenticides ? How the Bandicoot rats are controlled by acute chemical poison? 
(Ans. 5.5.3 and 5.5.3.1) 
[5] What is chronic poisoning ? How the chronic poisoning Chemicals act on Bandicoot rats ? 


How to use the chronic rodenticides ? (Ans, 5.5,3.2) 

[6] What is fumigation ? How the fumigant is applied to control the Lesser Bandicoot rats ? 
(Ans. 5.5.4) 
[7] Define biological control. How pathogens and antifertility agents are effective on the controlling 
of rat-pests ? (Ans. 5.5.5, 5.5.5.3 and 5.5.5.2) 
[8] What is environmental control of Lesser bandicoot rats ? Describe the method of environmental 
control of Lesser bandicoot rats. (Ans. 5.5.6) 


© B. Short answer type: 


[1] What are the common name and scientific name of Indian field rat? (Ans. 5.1) 
[2] Mention the length and average weight of male and female Indian field rat. (Ans. 5.3) 
[3] Write about the burrows of Indian field rat. (Ans. 5.3.1) 
[4] Mention the daily consumption of food of each Indian field rat. (Ans. 5.3.1) 
[5] How Bandicota bengalensis outnumbered other sympatric rodent species in urban areas ? 
(Ans. 5.3.4) 
[6] How human being is suffered by Plague ? (Ans. 5.4.3) 
[7] How hunting can control the Indian field rat? (Ans. 5.5.1) 
[8] How paddy field is protected from Indian field rat by electric fencing ? (Ans. 5.5.7) 
C. Distinguish between: 
[1] Acute poisoning and Chronic poisoning. (Ans. 5.5.3.1 and 5.5.3.2) 
[2] Fumigation and Fumigant. (Ans. 5.5.4) 
[3] Predation and Pathogens. (Ans. 5.5.5.1 and 5.5.5.3) 
[4] Control of rat population by hunting and trapping. (Ans, 5.5.1 and 5.5.2) 
D. Write short notes: 
[1] Burrow of Lesser Bandicoot rats. (Ans, 5.3.1) 
[2] Preparation of poison bait. (Ans. 5.5.3.1) 
[3] Zinc phosphide rodenticide. (Ans. 5.5.3.1) 
[4] Anti-coagulants Chronic poison. (Ans, 5.5.3.2) 


© E. Choose the correct answer: 


[1] Bandicota bengalensis is included in the class Mammalia/Reptilia/Aves/Chondrichthyes, 

[2] Average weight of an adult male Bandicoot is 287 gm/326 gm/250 gm/426 gm. 

[3] Indian field rat is fossorial/arborial/aquatic/terrestrial in habit. 

[4] Bandicota bengalensis damages the crop in the field by eating the root/stem/leaf/grain of paddy 
plant. 

[5] Acute rodenticide is Warfarin/Zinc phosphide / Fumarin / Coumatetralyl. 


[6] Indian field rat is controlled by fumigation with the help of Strychnine/Barium carbonate/ 
Hydrocyanide/Diphacinone. 
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0 F. Maching type: 


Select Words from column I to make appropriate pairing with those in column IT 


Column I Column II 

a. Bandicota bengalensis is a (i) acute rodenticide. 

b. Zinc phosphide is an (ii) mammalian rat-pest. 

c. Bandicoots damage the field crop by (iii) known as Pasteurella pestis. 
d. Plague is caused by bacteria (iv) hoarding propensity. 

e. Snap traps and trap boxes are used (v) stop the entry of field rat. 

f. Electric barrier around paddy field (vi) against Indian field rat. 


© G. Put / Mark on Yes or No for correct statement: 


[1] Bandicota bengalensis is included in the class Mammal. rrnns Yes/No. 
[2] The upper part of the body of Bandicoot is dark greyish brown 
but the ventral side of the body is red in colour. Yes / No. 
[3] Lesser Bandicoots dig the soil with their powerful teeth. Yes / No. 
[4] Indian field rat is nocturnal in habit. Yes / No. 
[5] Adult Bandicoots breed all the year round: in aa. En ALS Yes / No. 
[6] Female Bandicoot produces single offspring which is sexually matured by two months. 
pees Yes / No. 
[7] Zinc phosphide is toxic to man, domestic animals and poultry Wicd Sse ate Reavers Yes / No. 
[8] Chronic rodenticides are generally anti-coagulants, — rrnsns Yes / No. 


© H. Fill up the blanks with appropriate word: 


[1] Zinc phosphide baits when ingested by rat pest, gas is released. 

[2] Zinc phosphide baits are to be placed just outside of the. or on the path of 
— SOR TES: 

[3] Fumigants should not be applied in or days. 

[4] There is also success by introduction of pathogenic organism like Salmonella against 
rats. 


[5] Any changes in the living environment of the rat-pests is known as environmental. 


Answers to Q. No. E, F, G and H 


[1] Mammalia. [2] 326 gm. [3] fossorial. [4] grain. [5] Zinc phosphide. [6] Hydrocyanide. 
aand (ii), b and (i), c and (iv), d and (iii), e and (vi), f and (v). 

[1] Yes. [2] No. [3] No. [4] Yes. [5] Yes. [6] No. [7] Yes. [8] Yes. 

[1] phosphine. [2] burrow, movement. [3] cloudy, rainy. [4] enteritidis. [5] control. 


TOSE 


Agricultural Zoology : Insect Pests and 
their Management 


Topics Discussed : Introduction, what is pest, what are insect pests of paddy, classification of insect pests, 
major pests of paddy, stem borer, life history of stem borer, damaging stage of stem borer, nature and symptoms 


of damage, control measures of stem borer, rice bug, life history of rice bug, nature of damage and control 
measures of rice bug and short account of other major paddy pests, general control measures of paddy pests. 


6.1. Introduction 


Paddy is the main crop in West Bengal. In addition to West Bengal, other states of 
India are also producing the paddy such as Assam, Bihar, Orissa, Madhya Pradesh, 
U.P., Tamilnad, Andhra, Karnataka, Kerala etc. At present the paddy is cultivated near 
about 55 lakhs of hectares in West Bengal. Out of the total areas of 55 lakhs of hectares, 
the summer crop (Boro paddy) is grown in 5 lakhs of hectares, the autumn crop (Aus 
paddy) is grown in the area of 10 lakhs of hectares and winter crop (Aman crop) is 
grown in the area of 40 lakhs of hectares. 

During the last few decades, modern scientists have developed the high yielding 
varieties of paddy. Moreover due to many irrigation projects, it is now possible to 
distribute the irrigation water to a wider areas of the cultivating land. As a result of this 
irrigation facilities, the high yielding varieties of paddy are cultivated in many areas 
throughout the year. As the cultivation of paddy continues throughout the year so also 
the percentage of damage caused by insects increases. Generally 5 to 10% of the total 
crops are damaged by insects. But the damage can be prevented in greater extent if the 
activities of harmful organisms are checked properly in proper time. Different kinds of 
organisms are attacking the paddy plant from its seedling stage to the grains formation ; 
among the harmful organisms, the insects are damaging the crop more than the others. 
Hence the enemies of paddy plant are mainly the insects, such as Scirpophaga 
(Tryporyza) incertulas (Stem borer), Leptocorisa varicornis (Rice bug), Hispa armigera 
(Rice hispa) etc. 

The older name—Tryporyza incertulas has now been changed as Scirpophaga 
incertulas. 


6.2. What is Pest ? 


The definition of a pest can be very subjective, varying according to many criteria 
but in the widest sense any organism, plant or animal causing harm or damage to man, 
his animals, his crops or possessions, even if just causing annoyance, qualifies for the 
term pest. Various insects, rats etc., are the examples of pest. 


6.3. What are Insect Pests of Paddy ? 


Those insects that are damaging the paddy plant from its seedling stage to crop 
production stage are known as insect pests of paddy. 
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6.4. Classification of Insect Pests 


Insect pests are classified into two groups, such as major pests and minor pests. 

Major pests : They are the species of insects that are either serious pests of a crop/ 
crops ina locality or are economic pests (crop damage leads to a loss in yield or quality, 
as a result loss of profits by the farmers) over a large part of the distributional range of 
the crop plants. 

Minor pests : They are the species that are recorded feeding or oviposition on the 
crop plants but usually do not inflict damage of economic importance. 

Of the various major pests, the stem borer insect is the most dangerous enemy to 
the paddy plant. Names of some of the major insect pests are given below. 


Table 1 : Showing the major pests of paddy. 


Scientific Name Local Bengali Name 


1. Stem borer Seirpophaga (Tryporyza) incertulas ‘Majra poka’. 


2. Rice bug Leptocorisa varicornis ‘Gondhi poka’. 


3. Rice hispa Hispa armigera ‘Pamri poka’. 
4. Swarming Spodoptera mauritia ‘Leda poka’. 

Caterpillar 

5. Gall fly Pachydiplosis oryzae ‘Vepu poka.’ 


6.5. Stem Borer:Scirpophaga (Tryporyza) incertulas 


Stem borer is a serious paddy pest in India, Pakistan, Burma, Sri Lanka, China, 
Japan Formosa, Philippines and Indonesia. So, in all the rice growing areas this insect 


Fig. 6.1 : Different paddy pests : (A) Stem borer, (B) Rice bug (C) Rice hispa. 

(Moth) pest is available. This moth causes the highest percentage of damage of the 
paddy plant. It should be remembered that the adult stage of this insect (moth) never 
causes any damage to the plant but only the larval stage (known as caterpillar) of 
this moth causes damage to the paddy plant. The larva of this moth feeds only the 
internal tissue of the paddy plant but never takes any food from any other plant. Hence 
this is known as monophagous pest. This pest is commonly known in English as stem 
borer because the larva bores into the stem ; but the farmers of West Bengal recognise 
this pest as Majra poka. 
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6.5.1. SYSTEMATIC POSITION OF STEM BORER 


Phylum : Arthropoda 
Sub-phylum : Mandibulata 
Class : Insecta 
Order : Lepidoptera 
Genus : Tryporyza 


Scientific name: Scirpophaga (Tryporyza) incertulas. 


6.5.2, LIFE CYCLE OF STEM BORER 


In the life cycle of stem borer there are four stages, namely egg, larva, pupa and 
adult. These four stages are moving in a cyclic fashion to complete the life cycle: 


[a] Oviposition and egg : After sunset, the male and female moths come together 
and after sexual union the eggs are fertilized internally, i.e., internal fertilization takes 
place. After three days of sexual union, the female moths lay eggs early at night on the 
upper surface near the tip of the growing leaves of paddy plant. Each female moth lays 
400 — 600 eggs in 2 — 3 egg clusters. The egg mass is covered by a buff coloured hairs 
which are derived from the anal tuft of the female moth. The eggs are creamy white, 
flattened and oval. But before hatching the eggs become darken to a purplish tinge. 


[b] Larva and larval habits : After 5 to 8 days of laying, the eggs hatch to larva. 
The newly hatched larvae are known as first instar larvae which are 1.5 mm. long. 
The body is pale white where as, the head with prominent prothoracic shield is dark 
brown. These newly hatched larvae move downward and wonder about on the plant 
surface for one to two hours. They may hang down by their own silken thread and get 
blown off to other paddy plants. In this way, they disperse and attack to other plants. 
These tender larvae enter the leaf sheath and feed upon the green tissues of the sheath 
or stem for two or three days. Then they bore into the stem and generally the entrance 
site of the borer is a node region of the stem. As they bore the stem, so commonly they 
are known as ‘stem borer’. Generally one stem borer is present in a stem. They feed the 
inner tissues of the stem and gradually the growth takes place. The first moult takes 
place 5 to 6 days after hatching and they are now called second instar larvae. The 
larvae are developed into a full grown size after successive fifth moulting and the sixth- 
instar larvae become 20 mm. long. The whole larval period continues upto 4 to 5 
weeks, The full grown sixth instar larvae are white but they have a brown or orange- 
yellow head. Before pupation, they make an exit hole on the stem and that hole is 
covered with a thin web. 


[c] Pupation : The full grown larvae make a thin silken case over themselves inside 
the stem and thus cocoons are formed. The white silken cocoon remains closed at the 
upper end by an operculum, the lower end being rounded and bag-like. Pupae never 
take any food. Pupa becomes dark brown, The pupal period is usually 6 to 10 days. It 
may be prolonged to a month depending on the climate. After that period pupa is 
metamorphosed into an adult moth. 


Hibernation : The mature larval stage may occur in the stubble of a winter crop. 
The larvae are found in their cocoons in the stubble, as far below as the root region and 
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pupate before the onset of the summer season. The mature larvae pass the winter season 
in the stubble in a state of diapause. 


Eggs of Majra 
poka on paddy 


n- i f- Larvae within 
\ the stem of 


Larva 


Fig. 6.2 : Life cycle of Majra poka. 

[d] Adult : The adult moth comes out through the hole which is being made in the 
stem during the pre-pupation period. The moths are inactive during the day but are 
active in the evening. They have strong flight power. The stem borer moths are short- 
lived and die two to three days after laying eggs. The differences between the male 
and female moths are given in the following table. 


Table 2 : Showing the differences between the female and male stem borer moths. 


Female stem borer Male stem borer 


. The female moth is bigger. 1. The male moth is smaller than the female. 

2. The forewings are bright yellowish- |2. The forewings are light yellowish with 
brown with a clear black spot in the | inconspicuous black spot. 
centre. 

3. The abdomen in female is wide with |3. The abdomen in male is slender and the 
tufts of yellowish hairs at the tip. anal end has a thin hairy covering. 

4. The maxillary palpi are well |4. The maxillary palpi are short and not well 

developed in female moth. developed in male moth. 
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Table 3 : Life period of Scirpophaga ( Tryporyza) incertulas (Stem borer) 


Egg period | Larval 


(days) period longevity | (days) generations 


(days) 
India (Eastern) 35-45 [6-10 | 3-4 days | 45-60 
6.5.3. NUMBER OF BROODS 


The stem borer is active during the months of April to October, i.e., in these seven 
months, they are active. The stem borer completes three broods during those seven 
months in West Bengal. The larval stage of the fourth generation hibernates at the 
stubbles of the paddy plant during the months of winter. 


6.5.4. DAMAGING STAGE OF STEM BORER 


The larval stage is the damaging stage of the stem borer, because this is the feeding 
stage, as they feed the internal tissues of the stem of the paddy. The adult moths are not 
doing any harmful effect to the paddy plant. 


6.5.5. NATURE AND SYMPTOMS OF DAMAGE OF STEM BORER 


Due to the utilisation of the inner tissues of the stem of young paddy plant by the 
larvae of the stem borer, the central shoot of the paddy plant fades and dries up. This 
condition of the plant is known as ‘dead heart’. The larvae then abandon the damaged 
plant and search for a new one. In older paddy plants, the larvae utilise the inner tissues 
of the stem and causes white, empty ear heads. This condition of the plant is called 
‘white ear head’. Hence if any body observed the dried up condition of the central 
shoot of the young paddy plant and yellow stem or white ear head of the matured plant 
in the cultivating field, he can deduce easily that the paddy plants have been attacked 
by the larvae of the stem borer. 


6.6. Control Measures of Stem Borer 


The following measures are to be taken to control the stem borer. 


[1] Mechanical control : Yellowish egg mass of the stem borer can be seen on the 
leaf of the paddy plant. These egg masses are to be collected from the field and destroyed 
them ; so that we can control the effect of the pest in the next generation, 


[2] Destruction of stubbles : Larvae and pupae of Tryporyza (Stem borer) may 
remain inside the stubbles of the paddy plant. So after harvesting, the stubbles of the 
paddy plant should be uprooted and burnt. Thus the percentage of damage in the next 
crop will be reduced. 


[3] Light trap : The stem borer moths are attracted to light during night. For this 
reason, the light traps are used extensively in the paddy field to attract and kill the pest. 


j 
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Galvanized tray 


Fig. 6.3 : Light trap (using harricane), Electric light trap. 


[4] Chemical control : The chemical 
substances-that kill the insect pests are 
known as insecticides. Before 
transplanting the seedlings or young 
plants of paddy are to be immersed in the 
0.1% DDT (Dichlorodiphenyl 
trichloroethane) solution and this will 
protect the plant from the attack of stem 
borer. After transplanting endrin, 
parathion like insecticides are used in 
the growing plant. These insecticides will 
also protect the plants from the attack of 
the stem borer. 


[5] Biological control: Biological 
control generally refers to the use of 
predators or parasites of a pest to reduce 
its numbers to a point where it is no longer 
an economic problem. 

No effective biological controlling 
measures have yet been discovered to 
control this pest. 

Though stem borer is a dangerous pest 
of paddy plant, yet there are other paddy 
pests that also cause a great damage to 
the crop. 


Controlling 
handle 


Fig. 6.4 : Insecticide Sprayer. 
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6.7. Rice Bug 

Bad smell comes out from the body of 
this insect, hence they are commonly 
known as a ‘gondhi poka”. Rice bug is also 


a major pest of paddy. 
Systematic . of Rice bug : 
Phylum Arthropoda 
Sub-phylum : Mandibulata 
Class : Insecta 
Order : Hemiptera 
Scientific name : Leptocorisa 


Fig. 6.5 ; Life cycle stage of Rice bug. 


varicornis 


6.7.1. LIFE CYCLE OF RICE BUG 

In the life cycle of Rice bug (Leptocorisa varicornis) there are three stages, such as 
egg, nymph and adult. 

[1] Eggs : The female lays eggs on the upper surface of the leaves in 10-12 rows. 
After 6-8 days, the eggs hatch into nymphs. 

[2] Nymphal stage: Nymphs are very small but look-like miniature adult. Wings 
are absent in the nymph. This stage continues for 17-23 days ; after that nymph develops 
into an adult stage. 

[3] Adult stage: This stage of the insect is narrow and elongated. It is about 15 mm 
in length, The body is light green in colour with two pairs of wings. One pair of fine 
antenna is present on the anterior end of the body. Adult is very active during the 
morning and in the evening. This insect may remain alive for five months. The life- 
cycle is completed by 4 to 5 weeks. 


6.7.2. DAMAGING STAGE OF RICE BUG 

It has been observed that both the nymphal as well as adult stage of Rice bug are 
causing damage to the paddy plant. 

6.7.3. NATURE AND SYMPTOMS OF DAMAGE OF RICE BUG 


In the early young stage of the paddy plant, there is a formation of white milky fluid 
in each grain of the ear head. During this period, both the nymph and adult suck this 
milk from the grains by their sucking mouth. As a result, there will be no formation of 
rice grain or partial formation of rice grain. \n this way, they damage the paddy plant 
in the field, 

Their presence in the paddy field can be identified by their bad smell ; more over 
the attacking grains remain erect instead of droping. Attacking plants in the paddy 
field can be detected by these two symptoms. 


6.7.4. PERIOD OF INFESTATION 

Maximum period of infestation of rice bug is from July to October. 

6.7.5. DISTRIBUTION OF RICE BUG 

This pest is distributed throughout the rice growing areas. In West Bengal, this 
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pest causes heavy damage in North Bengal specially Jalpaiguri and Coochbehar 
districts. Because the natural forests and weeds are more available in these places. In 
the forests as well as in wild grasses, this pest breed heavily and so large number of 
Rice bug both adult and nymph attack the surrounding paddy field during the milk 
stage of the paddy grains. 


6.7.6. CONTROL MEASURES OF RICE BUG 


Rice bug can be controlled by the following measures : 

[a] Mechanical control : Adult and nymph of the Rice bug can be collected from 
the paddy field by small hand net and they are then 
destroyed. Light trap can be set up surrounding the 
paddy field and the insect pest is attracted and died 
subsequently. 

[b] Chemical control : Insecticides like 10% BHC 
is applied by duster in the affected paddy field and its 
surrounding area. Generally per acre 12 kg of 10% 
BHC dusting is applied which gives a good result. 

[c] Biological control : Tiger beetle like insect use 
Rice bug as their food material. Hence if tiger beetle is 
released in this attacking paddy field then the Rice bug 
can be controlled to some extent. 


Fig. 6.6; Rice hispa. 


Table 4 : Short account of major paddy pests : 


Name of the pest Description of damage 


1. Stem borer: | Only larval stage of stem borer |Egg masses are collected 
Scirpophaga causes damage to the seedling as jand destroyed. After 
(Tryporyza) well as growing stages of paddy |transplanting, endrin, 
incertulas plant. Larva after entering to the | parathion like insecticides 
stem, devour the inner tissue of the | are used. After harvesting, 
stem. If the immature stage of the | stubbles are burnt. 
plant is attacked, the central shoot 
dried up and cause ‘dead heart’ ; if 
matured stage of paddy plant is 
attacked by larva, the grains are 
dried up and cause ‘white ear 
head’, Maximum infestation occurs 
in July and August. 


Both the larvae (nymphs) 
and the adult are to be 
collected through net and 
destroy them. In the affec- 
ted field, dusting of B. H. C. 
(Benzene hexachloride) 

gives satisfactory result. 


2. Rice bug : 
Leptocorisa 
varicornis 


Larvae and adult both the stages of 
the pest suck the milk juice of the 
formative stage of the grains ; as a 
result there will be no grains. 
Maximum infestation occurs during 
the months from July to October. 


6.8. General Control Measures of Paddy Pests 

LI) Rotation of crop : Suitable environment is developed for the growth of the 
levee! pests if the same crop, the paddy is cultivated years together in the same ficld. 
Hence after a paddy crop other crop is to be cultivated in the same field so that the 
insect pakty pests will be deprived of their food material and the life cycle of the paddy 
pests will be disturbed. That by rotation of crops (one crop afer the another type of 
crop), the growth of paddy pests can be checked. 

[2] Use of inecticides : Chemicals that are used for killing of insects are known as 
insectickdes Diferent types of equipments are used for the spraying of insecticides, 
sach as Naprack, Comproveed air presare, Plit gun ete. It is possible to remove all 
types of paddy pests through spraying of various kinds of insecticides. The insecticides 
are of vatiows types, sach at ryatemic insecticides, Contact insecticides and fumigants 

(a) Systemic lmecticides : This type of imecticides when applied to the plants, the 
action of the insecticides remain for a longer period inside the plant body ; when pests 
at parts of the plant body thea they die. This insecticide does little harm to the plant 
body | thes the damapes of the plant that are cassed by insects can be controlled. 
Examples ; Parsthion, Dimecron, Badvin, Lead arsinate etc, 
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(b) Contact insecticides : The insect pests that come in contact of this type of 
insecticides Cause poisonous actions on the body and ultimately the pests dic. 

Examples: Nicotene sulphate, Kerosine emulsion ete. 

(e) Fumigants : Volatile substances of certain chemicals that create the poisonous 
effects on the body of the pests are known as fumigants and the phenomenon is called 
fumigation, The pests are destroyed by the application of fumigants. 

Examples : Methyl bromide, Calcium aganide etc, 

(3) Light traps : Many insects ate attracted by light. Hence if arrangements of light 
traps in the field are made, many insects will be attracted to light and are trapped inside 
the poison bottle, These insects will die inside the poison bottle. The light trap not only 
killed the insects but also help in the ecological studies. 

[4] Weed control : Many insect pests of paddy like rice bug, rice hispa multiply 
their generations also in the weeds near the paddy field. So the weeds are to be removed 
to control the growth of certain paddy pests. 


6.9, Matters To Recollect 

EF Pests : Animals that are causing damage to the food crops and other economic 
plants as well as disturb the welfare of human beings are regarded as pests. Pests 
are of two types, such as major pest and minor pest. Various types of insects and 
rats are known as pests, 

© Major pests ; Major pests are the species of insects which destroy the crop from 
seedling to matured one over a large part of the distributional range of the crop 
plants ; such as Scirpophaga (Tryporyza) incertulas, Leptocorisa varicornis. 

© Minor pests ; Minor pests are the species that are recorded feeding or oviposition 
on the crop plants but usually do not inflict damage of economic importance ; 

` such as Cirplis, Scirpophaga nivella. 

E Monophagous pests : The pests which attack only one species of crop plant and 
feed on them only are known as monophagous pests ; such as Seirpophaga 
(Tryporyza) incertulas, 

t Stem borer Scirpophaga (Tryporyza) incertulas : Stem borer damage the paddy 
in the cultivating area in all the rice growing regions in the world. This insect has 
its four stages such as egg, larva, pupa and adult, Larval stage causes damage to 
the paddy Symptoms of damage are ‘dead heart’ and ‘white car head 
Control measures : Mechanical control, stubbles control, light trap, chemical 
control by insecticides and biological control, all these methods are effective, 


6.10. Summary 
Though paddy cultivation is going on in other states of India yet it is the main 
crop in West Bengal. 5 to 10% of the total production of paddy are damaged by the 
Insect pests. 
‘The pests may be defined as the organisms that destroy the food and economic 


crops in the field as well as stored foods are generally regarded them as posts, 
The insects that damage the paddy crops are known as intect pests of paddy. 
Major insect paddy pests are Stem borer, Rice hispa, Rice bug ete. 
‘The dangerous enemy of the paddy plant is the stem borer. The larval stage of 
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the stem borer feed the inner tissues of stem and so damages the young plant as well 
as the mature plant with grains. 

Nymph and adult both the stages of Rice bug suck the milk during the grain 
formation ; But the larval stage of Rice hispa as well as adult stage feed the tissues 
and chlorophyll of the leaf respectively. 

The damages done by the insect pests can be controlled through the following 
measures ; rotation of crop, use of insecticides, light traps, removal of weeds etc. 


6.11. Naming/Discovery/Discoverer 

[1] H. T. Pagden (1930) : He stated that white silken cocoon of stem borer is 
closed at the upper end by an operculum, the lower end of the cocoon is 
being rounded and bag-like. 

[2] A. S. Kawada et al (1934) : He reported that the mature larvae of stem borer 
pass the winter in paddy stubble in a state of diapause. 

[3] M. Puttarudriah (1945) : Observations made by him on the biology, habits 
and control of the paddy stem borer (Tryporyza incertulas). 

[4] E. J. McNaughton (1946): He discovered that the larvae of stem borer can 
freely move on water because they have an air layer next to their skin. 

[5] P. Manickavasagar and K. Miyashita (1959) : They observed that the 
number of generations of stem borer differs considerably from country to 
country. 

[6] S. N. Banerjee and A. L. Mukherjee (1962) : They revealed from the 
experimental work with light traps in West Bengal that the moths of stem 
borer usually appear in considerable numbers after the onset of monsoon 
rains in June and are abundant upto November. The moth populations have 
definite relationship to the seasons and include two resting stages, usually 
coinciding with summer and winter. 

[7] S. N. Banerjee and L. M. Pramanik (1964): They observed that paddy is 
the only host plant of Tryporyza incertulas in West Bengal. 


6.12. Answers To Special Questions 


[1] How many generations of Tryporyza incertulas are there in a year in India? 
Ans, Number of generations in eastern India : 3-6 generations. In West Bengal, three 
broods have been observed on many occasions, often with one, two or three 
additional feeble broods. Number of generations in Southern India : 5 
generations. 
[2] How does T. incertulas survive during the dry season in tropical areas ? 
Ans. In India, they pass the dry season in the stubble a little below soil level as 
mature larvae. 
[3] Do you think that Tryporyza incertulas hibernates in a state of diapause in 
India ? If so, what factors induces diapause ? 
Ans. Yes, the mature larvae diapause in stubble of winter crop left in the field. They 
pupate just before the onset of the hot season, Most probably it is the temperature 
which causes diapause. 


Ans. 


[6] 
Ans. 


Ans. 


[10] 


Ans. 
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What is pest ? 

Any organism that causes harm or damage to man, his animals, his crops or 
possessions, even if just causing annoyance, qualifies for the term pest. 

What is major insect pest ? Cite examples. 


. They are some species of insects that are either serious pests of a crop / crops in 


locality, or are economic pests (crop damage leads to a loss in yield or quality, 
as a result loss of profits by the farmers) over a large part of the distributional 
range of the crop plants. 

Examples : Tryporyza incertulas (Stem borer), Hispa armigera (Rice hispa), 
Leptocorisa varicornis (Rice bug). 


Write the systematic position and scientific name of stem borer. 
Phylum : Arthropoda 

Sub-phylum : Mandibulata 

Class : Insecta 

Order : Lepidoptera 

Genus : Tryporyza 

Scientific name : Tryporyza incertulas 


What is meant by monophagous pest ? Give example. 


. The pest which attacks only one species of plant and feed on them only is 


known as monophagous pest. 

Example : Tryporyza incertulas feed on paddy plant only. 

Point out the nature of damage caused by stem borer. 

(i) Tryporyza incertulas bores stem and eats up the tissue of paddy plant. 

(ii) If attacked by stem borer at early stage of paddy plant, the whole plant dies. 
(iii) If attacked by stem borer at later stages of paddy plant then the tip of the 
plant dries and fruits become seedless. 

Give the scientific and common names of major paddy pests of West Bengal. 
Tryporyza incertulas (Stem borer) 

Leptocorisa varicornis (Rice bug) 

Hispa armigera (Rice hispa) 

Spodoptera mauritia (Swarming caterpillar). 

Mention the sign of attack and control measures of paddy Stem borer and 
Rice bug. 

[A] Sign of attack of Paddy stem borer (Tryporyza incertulas)— 

(i) It bores into the stem near the root of paddy plant. 

(ii) It causes the dead heart of paddy plant. 

(iii) It causes the white ear head of the plant. 

Control measures: 

(a) Destroy the larvae of stem borer in the stubbles of paddy plant. 

(b) Use of light trap. 

(c) Rotation of crops. 

(d) Use of insecticides. 

(e) Biological control. 
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[B] Sign of attack of Rice bug (Leptocorisa varicornis)— 


(i) The ear heads become white. 
(ii) Seeds are marked by black spots of fungus which appears around the 
punctured point. 


Control measures : 


1111 
Ans. 


[12] 
Ans. 


[13] 


Ans. 


114] 
Ans. 


(a) Destruction of nymph and adult by hand net. 

(b) Use of crude oil emulsion in irrigation water. 

(c) Use of light trap. 

(d) Removal of wild grasses. 

(e) Use of insecticides, such as DDT, BHC, Aldrin. 

What are ‘Dead heart’ and ‘White ear head’ ? How these are caused ? 
(a) Dead heart: During the seedling stage of paddy plant when the stem borer 
attacks the paddy plant, the central stem of the plant becomes dried up and this 
condition of the plant is known as dead heart. 

Causes : The larva of stem borer makes a perforation in the lower end of the 
stem in the seedling stage before the formation of grains. Then the larva enters 
inside the stem and feeds the inner tissues of the tender stem. Due to the 
destruction of the inner tissues, the central shoot of the paddy plant fades and 
ultimately completely dries up causing a condition of dead heart. 

(b) White ear head: In the matured stage when the stem borer attacks the 
paddy plant, causes white but empty ear heads. This condition of the plant is 
known as white ear head, 

Causes : In the matured paddy plant, i.e., after the formation of grains, when 
the larva of the stem bores the stem and utilises the inner tissues of the stem ; as 
a result, the grains become white with empty ear head. This condition of the 
plant is known as white ear head. 

What are systemic and contact insecticides ? Give example. 

(a) Systemic insecticides : The toxicants insecticide that poison the insect- 
food which, on being ingested, proves fatal for the insects. 

Examples : Lead arsenate, Sodium arsenate, Sodium fluoride etc. 

(b) Contact insecticides : The toxicants insecticide which kill the insects on 
coming in direct contact with them. Insecticides penetrate through the integument 
of insects. 

Examples: D. D. I. B. H. C, Malathion, Pyrethrum etc. 

What do you mean by polyphagous pest ? Give an example of mammalian 
pest. 

Those pests which feed on plants of various families are known as polyphagous 
pest. 

Example : Rat (Bandicota bengalensis). 

What is biological control ? What is pusa-bin ? 

Biological control : Control of pests by the use of other organisms which devour 
or destroy them. 

Pusa-bin : It is an outdoor grain storage receptacle which is built with special 
care, so that it will be completely moisture proof. 
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@ A. Essay type: 


11¹⁰ 


[2] 
[3] 
(4) 
[5] 


[6] 
171 
[8] 
[9] 


{10} 


[11] 


[12] 


[13] 


14) 


151 


[16] 


What are pests ? Give the scientific names of three major paddy pests of West Bengal. Describe 
briefly the nature of damage and preventive measures of one of them. 
(Ans. 6.2, T. I, 6.5.5, 6.6) 
Give scientific names of three paddy pests. Describe briefly different methods of control. 
(Ans, T.1,6.8) 
(a) Give the scientific name of a monophagous insect pest. (b) Point out the nature of damage 
caused by it. (c) Suggest some measures for its control. [J.E.E. 1986] (Ans. T.4) 
(a) What are Dead heart’ and ‘white ear head’ ? (b) How these are caused ? (c) Write the 
scientific name of the causative agents of such damage of paddy. IJ. E. E. 1988] (Ans. 6.12) 
Give the scientific names of gall fly and swarming caterpillar. What is meant by monophagous 
pest ? How will you distinguish a female moth of Tryporyza incertulas from a male one ? 
[J.E.E. 1989] (Ans. I. I, 6.12, T.2) 
Give the scientific name of Pamri poka’ and discuss the nature of damage caused by it. Mention 
any four control measures. IJ. E. E. 1990] (Ans. I. I, T.4., 6.8) 
What is pest ? Mention the scientific name of any three paddy pests and describe the life cycle 
of any one. (Ans. 6.2., T.1., 6.7.1) 
(a) What is pest ? (b) Name the major paddy pests of West Bengal. (c) Describe the life cycle of 
a paddy pest. (d) Mention any four control measures. IJ. E. E. 1992] (Ans. 6.2, T. I., 6.5.2, 6.6) 
(a) Write the scientific name of the most injurious paddy pest of India. 
(b) In which subphylum and class it belongs ? 
(c) What signs of sexual dimorphism are seen in such pest ? 
(d) What are systemic and contact insecticides ? Give examples. 
[J.E.E. 1994] (Ans. 6.5, 6.5.1, T.2, 6.12) 
Give the scientific name, sign of attack and-control measures of Paddy stem borer and Rice 
bug. IJ. E. E. 1995] (Ans. T.4) 
(a) What is pest ? Give an example of mammalian pest. (b) What do you mean by polyphagous 
pest ? Give example. (c) What is biological contro! ? What is Pusa-bin ? 
[J.E.E. 1998] (Ans. 6.12) 
(a) Write the scientific name of the most injurious paddy pest of India. (b) In which sub- 
phylum and class it belongs ? (c) What signs of sexual dimorphism are seen in such pest ? (d) 
What are systemic and contact insecticides ? Give example. 
[J-E.E. 2000] (Ans. 6.5, 6.5.1, T.2, 6.12) 
(a) What is pest ? (b) Give the scientific names of three paddy pests. (c) Mention about their 
nature of damage. (d) Describe briefly about the method of control of pests. 
(Ans. 6.2, T.4, 6.8) 
(a) Write the common names and scientific names of three paddy pests. (b) Why paddy stem 
borer is called ‘monophagus’ pest ? (c) What are ‘dead heart’ and ‘White ear head’ ? 
(d) Describe the life history of paddy stem borer. (Ans. I. I, 6.5, 6.12, 6.5.2) 
(a) What do you mean by ‘Major Pest’ and Minor Pest’ ? (b) Write the common names and 
scientific names of three paddy pests. (c) Mention the nature of damage caused by any two of 
the paddy pests. (Ans. 6.4, 6.12) 
Define pest. Name one major pest of paddy. [J.E.E. 2001) (Ans. 6.12) 


@ B. Short answer type: 


al 
[2] 
[3] 
141 
[5] 
[6] 
[7] 
[8] 
[9] 


What is insect pests of paddy ? (Ans. 6.3) 
What is major and minor pests ? (Ans. 6.4) 
Why the ‘Majra poka’ is called the stem borer ? (Ans. 6.5) 
Mention the nature of damage of paddy plant causes by Rice bug. (Ans. 6.7.3) 
How the Rice hispa damages the paddy plant ? (Ans. T.4) 
Discuss the nature of damage caused by gallfly. (Ans. T.4) 
Write down the systematic position of stem borer. (Ans. 6.5.1) 
What is light trap ? (Ans. 6.8) 
What do you understand the term insecticides ? (Ans. 6.8) 
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[10] What is fumigant ? (Ans. 6.8) 
[11] Give the scientific names of the pests acting against paddy. IJ. E. E. 1996 ˙98] (Ans. J. I) 
[12] Give the scientific name of Stem borer and Rice Bug. [J.E.E. 2005] (Ans. T.1) 
© C. Distinguish between: 
[1] Dead heart and white ear head. (Ans. 6.12) 
[2] Mechanical control and chemical control. (Ans. 6.6) 
[3] Contact insecticide and systemic insecticide. (Ans. 6.12) 
[4] Male and female stem borer. (Ans. Table 2) 
© D. Write short notes: 
[1] Egg of stem borer. (Ans. 6.5.2) 
2] Rotation of crop. (Ans, 6.8) 
[3] Light trap. (Ans. 6.8) 
[4] Fumigants. (Ans. 6.8) 
[5] Stem borer larva. (Ans. 6.5.2) 


E. Choose the correct answer: 
[1] The stem borer is included in the phylum Mollusca / Arthropoda / Echinodermata, 
[2] The larva of stem borer is living inside the leaf / root / stem of paddy plant. 
[3] The Rice hispa is commonly known as gondhi poka / pamri poka / majra poka. 
[4] Rice bug feeds on the milk of rice grain / chlorophyll of leaf / tissue of stem. 
[5] The larva of the swarming caterpillar damages the crop by eating the root / stem / leaf of paddy 
plant. 
@ F. Maching type: 
Select words from column 1 to make appropriate pairing with those in column II: 


Column I Column II 
a, Stem borer (i) Methyl bromide 
b. Fumigant (ii) Dead heart’ of paddy plant. 
c, Contact insecticide (iii) Silver shoot in paddy plant. 
d. Gall fly (iv) Nicotine sulphate 
e. Chlorophyll of paddy leaf (v) Spodoptera mauritia 
f. Feeding the leaf of paddy (vi) Hispa armigera. 

©@G. Put / Mark on Yes or No for correct statement: 

[1] -The stem borer isa monophagous insect pes. nn Ves / No. 


Yes / No. 
Ves / No. 
Yes / No, 
Yes / No. 
Ves / No. 
Ves / No. 


[2] The adult and larva both the stages of stem borer damages the paddy plant. 
[3] The stem borers feed the internal tissues of the stem of paddy. 
[4] In female stem borer, the black spot in the fore wings is not clear. 
[5]. Silver shoot in paddy plant is formed by rice bug. e 
[6] Adult stage of Rice hispa feeds the chlorophyll of paddy plant. 
[7] Leptocorisa varicornis sucks the milk of rice grain. 
[8] Rotation of crop does not helpful in controlling the insect pests. 

© H. Fill up the blanks with appropriate words: 
[1] The local Bengali name of stem borer is 5 
[2] The adult and stages of Rice bug paddy plant. 
[3] The of stem borer feeds the internal of paddy stem. 
[4] Methyl bromide is a which is used io the damage of crop. 
[5] Gall fly produces in the paddy plant. 
[6] “White ear head’ is produced by the stage of Tryporyza. 


Answers to Q. No. E, F, G and H 


[L] Arthropoda. [2] stem. [3] pamri poka. [4] milk of rice grain. [5] leaf, 

a. and (ii), b and (i), c and (iv), d and (iii), e and (vi), f and (v). 

[1] Yes. [2] No, [3] Yes. [4] No. [5] No. [6] Yes. [7] Yes. [8] No. 

a 5 01 poka. [2] larval, damage. [3] larva, tissue. [4] fumigant, prevent. [5] silver shoot. 
arval. 


* 


ECONOMIC ZOOLOGY 


Many animals of the animal kingdom are doing harmful effect to 
the human beings but on the other hand, many are also doing benefi- 
cial effect to the mankind. Different kinds of harmful animals are 
doing a great harm to the human society by damaging the crops as 
well as by transmission of the diseases. Though, various kinds of 
preventive measures have also been developed by man against the 
harmful animals. On the contrary, many industries have been devel- 
oped depending on the beneficial animals and their products. Man is 
also trying to get more benefit from these beneficial animals through 
the scientific rearing. As for example, by scientific rearing of the 
honey bees, men are trying to collect more honey and wax, man is 
rearing the oysters scientifically to get more pearl, and by rearing the 
silk-moth men are trying to produce more silkfibre. So the animals 
which are beneficial in relation to mankind are all included in the 
economic zoology. 

Economic Zoology : The branch of science that deals with the 
scientific rearing and protection of the beneficial animals as well as 
destruction and control measures of the harmful animals is known 
as economic zoology. 

This chapter deals with some of the economic aspects of zoology, 
such as Poultry, Prawn culture, Pearl culture, Apiculture and 
Sericulture. 
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Topics Discussed : Introduction, Definition of poultry, Types of poultry birds, Terminologies in relation to 
poultry farming, Different types of breed : place of origin, economic utility, weight, habit of sitting on eggs ; 
Method of rearing : Intensive system : Deep litter ; Food and equipments of poultry farming ; Diseases of 
poultry bird and their control. 


7.1, Introduction 


Poultry has become an important small scale industry of economic importance due 
to need for palatable and nutritive food. This nutritive food provides in the form of 
eggs as well as flesh or meat. Human beings are rearing the birds for their own 
consumption. The most common bird which is used in poultry is fowl. The storage and 
transport facilities of fowls also have helped to a great extent in its becoming popular 
as a trade. The use of fowl in the poultry has become important because fowls are 
comparatively easy to maintain and give a good profitable return. 

India and its neighbouring countries are the native place of the wild jungle fowl. 
But little attention has been paid by India and other neighbouring countries for 
developing poultry industry in comparison to other countries like Europe and America. 
So the different breeds that are available now in India mainly developed by American 
and European peoples. Some of the foreign breeds have been nicely acclematized to 
the environment of our country. 

For the successful management of poultry industry, it is necessary to know about 
the different breeds, their methods of rearing and their problems. 


7.2. What is Poultry ? 


Poultry is an industry of economic importance in which birds relating mainly to 
food for human consumption are reared scientifically, 


7.3. Type of Poultry Birds 


Different types of birds are included in the poultry. The most common bird used in 
poultry is fowl. The other birds like duck, geese, turkey, patridges, quel etc., and 
varieties of game birds are also used for poultry purpose. The use of fowl in the poultry 
has become important because fowls are comparatively easy to maintain and give a 
good profitable return. 


7.4. Terminologies in Relation to Poultry Farming 


Breed : It may be defined as a group of birds which has its own characteristic 
features and arises from a common stalk but different from other birds of the same 
species. 

Strain : A strain may be defined where the fowls are developed in a farm with 
special characters through reproduction. 
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Variety : On the basis of characteristic features, a breed is divided into different 
varieties, such as single comb white leghorn or rose combed grey leghorn. 

Chick : Fully developed embryo that comes out by breaking of the shell is known 
as chick. This newly hatched chick does not require any food or water for the next 36 
hours. Up to the age of 8 weeks, they are regarded as chicks. 

Grower : From 8 weeks to 6 months age, the young birds (male or female) are 
known as growers. 

Pullet : From 6 months to one year young female birds are called pullets. 

Cockerel : From 6 months to one year young male birds are called cokerels. 

Hen : The matured female fowls are known as hens. 

Cock or Rooster : The matured male fowls are called cocks. 

Broiler : Growers are given special food to grow rapidly so that their weight become 
1.5 to 2.5 kg by 8-10 weeks and such brids are now called broiler. The terms broiler 
and fryer are sometimes used as synonemous. 

Fowl : Generally large sized birds are known as fowl. * 

Culling: The process of removal of infertile or unwanted birds. 

Debeaking : The cutting of outer one-third of the upper beak is essential during the 
first week of the chicks only to prevent the injury of birds due to fighting. This process 
is known as debeaking and the equipment by which it is done known as debeaker. 

Incubator : It is an instrument within which the proper environment is maintained 
for hatching of young ones from fertilized egg. 

Litter : The bed for rearing of fowls is known as litter which is prepared by saw- 
dust and finely cut hay. 

Mash : It is an artificially prepared balanced food which is prepared by mixing of 
different kinds of food dust ; so that the birds are getting full nutritive substances for 
proper growth. 


7.5. Different Breeds of Fowl 


Original home of jungle fowl was India, South and South-East Asian countries. 
These jungle fowls are brought by human beings to different parts of the globe. Due to 
climatic variations and hybridization, different types of domesticated breeds of fowl 
have developed in different countries. So the modern domesticated breeds of fowls 
have developed from the following four species of jungle fowls. These are— 

1. Gallus gallus or Gallus bankiva—jungle red fowl. 

2. Gallus lafayetti jungle fowl of Sri Lanka. 

3. Gallus sonneratti—jungle grey fowl. 

4. Gallus varius—jungle fowl of Java. 

Now the scientific name of modern fowl is Gallus domesticus. 

The present day breeds are classified according to place of origin, weight of 
fowls, habit of sitting on eggs and economic values. The well known breeds are 
the following— 


7.5.1. ACCORDING TO PLACE OF ORIGIN 


(a) Mediterranean breed : This type of breed is developed in Italy, Spain and few 
other countries near the Mediterranean region. These fowls are smaller and lighter 
than Asian and American breeds, These brids grow rapidly and they lay eggs at the age 
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of 5-6 months. This type of breed is laying large number of eggs and eggs are white in 
colour. These birds are consuming less amount of food and these fowls do not sit on 
their eggs ; so they are known as non-broody type. 


Sickle feather: 


Tail feather 
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, 
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Single 


Fig. 7.1 : Different parts of poultry bird (fowl) : 
A-Male, B-Female, C-Head of a male, D-Comb types. 
The examples are Leghorns, Minorca, Ancona, Andalusion etc. 
More than 12 types of Leghorns are well known but white leghorn is more popular 


in India ; because this type of bird is laying large number of eggs per year, such as 
200—250 eggs ; though its flesh is not so high quality. 
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(b) American breed : In America, many breeds are developed through hybridization 
between Mediterranean and Asian breeds. They lay brown-coloured eggs. Breeds are 
reared for their flesh and egg. 

Examples : Plymouth rock, Rhode Island Red, New Hampshire, Wyandotte 

À etc. 

Out of the various types of American breeds, Rhode Island Red becomes very 
popular in India. This type of breed is adapted in all environments of India ; so they are 
reared in different places in our country. They are reared for flesh and egg. 


Fig. 7.2 : Different breeds of poultry birds : 
A-White leghorn (male), B—Plymouth rock (male), C-Black Minork (male), D-Ghaugus (male), 
E-Australorp, F-Rhode Island Red (male), G-White orpington (male), H—Aseel. 


(c) English breed : All the English breeds are well known for the quality of their 
flesh. Most of the breeds lay brown-coloured eggs. English breeds are of broody type, 
i.e., they sit on the eggs. Important breeds are Sussex, Orpington, Australorp, 
Dorking etc. 

(d) Asiatic breed : Original home of these breeds are Asian countries. These breeds 
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platform which is raised from the ground. Walls of the room are to be constructed by 
cement up to 3 feet height from the floor. Above the walls, a strong wire net with iron 
frame is to be set up. The roof of the rearing house is constructed by asbestos sheets. 
Door is made by wire net. The wooden joints are painted with tar. 

Before use of Deep litter, the rearing room must be thoroughly cleaned and washed 
with disinfectants generally with lime. After disinfecting, first sawdusts are laid on the 
floor of the rearing room, then cut hays are spread of 6 inches thickness. Thus total 8 
inches thickness of bed is prepared. After preparation of litter, fowls are placed in the 
room. The number of fowls in a litter depend on the total floor area of the rearing room. 
The chicks, growers, layers and adult fowls must be kept in separate rearing rooms. 

The rearing room must protect the poultry birds from temperature, rain, dampness 
and excess of humidity. Ventilation and light in the litter are to be provided properly. 
During rainy and summer seasons and also in cold season the wire nets are covered by 
hasian cloth ; so that the poultry birds are saved from natural calamities. 

The fowls while staying in the litter eject excreta on the litter. It is necessary to turn 
over the hay and sawdust with excreta periodically by a stick. Subsequently bacteria 
act on the bed and change the deep litter into compost by two months. Generally litter 
is to be replaced after a year by new one. 


we 


S 


& 

LO 

P<» N 
. RO 


e 
S 


Fig. 7.5 : Deep litter system. 


7.6.2. ADVANTAGES OF DEEP LITTER SYSTEM 


[1] Security of Poultry birds : While rearing of poultry birds either in free-range 
or in semi-intensive methods, the enemies may attack the birds and cause damage to 
the poultry birds. Butin deep litter system, the poultry birds are not facing such problems 
as they remain always in a confined room. 


[2] Litter used as food : Poultry birds collect some elements of food from litter, 
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such as animal protein factor. They are also getting Vitamin B, as it synthesized in the 
litter, 

[3] Control of diseases Poultry birds in deep litter system suffer less by coccidiosis 
and worms than rearing in free-range or semi-intensive systems. 

[4] Save of labours : In deep litter system, there is no trouble of clearing of excreta; 
though there is necessity to turn over the litter periodically by a stick. 

[5] Production of manure : By bacterial action, the litter is changed into dry 
decompost which is a good manure. This manure is utilized in agricultural field. 

[6] Save from natural calamities : In deep litter, poultry birds are saved from 
rains, cold waves and heat. In the litter, constant temperature is maintained ; so fowls 
are also getting this constant temperature. 

[7] Healthy environment : Poultry birds scratch the litter by their claws on the 
legs. As a result, they made muscular exercise. Moreover, tendency of flighting to each 
other is also decreased. 


7.6.3. DISADVANTAGES OF DEEP LITTER SYSTEM 


(i) The litter of the rearing room is to be kept always dry. If there is damp, litter to 
be replaced. Hence alltertness is essential. 

(ii) If a fowl is attacked by an epidemic disease then all the fowls of a litter may be 
attached by the disease. 

(iii) In some cases, the fowls of a litter fight with each other for food. 


7.7. Food and Equipments of Poultry Farming 


7.7.1. FOOD 

In poultry farming, it is necessary to arrange for the proper nutritious foods in 
adequate quantity. Poultry rearers can purchase the synthetic food or mash from the 
market or they can prepare the balanced food. The food includes the following 
constituents — 

(i) Carbohydrates, such as rice bran, wheat bran, maize etc. 

(ii) Proteins, such as fish meal, skimmed-milk, meat. 

(iii) Fats, such as mustard seed, shark liver oil. 

(iv) Minerals, such as calcium, phosphorus, manganese. 

(v) Vitamins, such as A, D and Riboflabin. 

(vi) Water. 

Poultry keeper should have good idea about the amount of food allowed to the 
fowls at different stages of the life span and type of breeds at poultry farm. The best 
diet recommended by Indian Veterinary Research Institute, Izatnagar is given below : 

Maize meal .. ....20 parts 


Ground oat... 20 parts 
Wheat bran .. 40 parts 
Earthnut meal . 20 parts 
Common salt ve part 


A good amount of green food (fresh tender grass, garlic, onion, lettuce) should be 
given uncooked. Calcium should also be given with the above food. 
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7.7.2. EQUIPMENTS 


The important equipments which are required for poultry farming are—(a) Feeder, 
(b) Waterer, (c) Incubator, (d) Debeaker. 

(a) Feeder : It is the container in which food is given to the poultry birds. Feeder 
should be such that it is easy for the poultry birds to eat but at the same time must not 


allow the birds to sit on the feeder and to spoil the food. Several types of automatically 
controlled mechanical feeders are available. 


Entry pathway 
of Air 


Temperature 
generator 


1 Water tray JEE 


Fig. 7.6 : Incubator used in poultry industry: A-flat type, B—cabinet type. 
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(b) Waterers : These are containers to supply water to the poultry birds. These 
containers are spacious but not inconvenient for the poultry birds to drink from it and 
at the same time fowls must not be allowed to spoil the water by their droppings. 
Different types of waterers are available in the market. Whatever might be the design 
of the waterers, it is necessary to ensure that the supply-water must be clean and the 
waterer can be cleaned easily. 

(c) Incubator : It is an equipment which is used for artificially incubating fertilized 
eggs by providing the required temperature. In addition to required temperature (100°— 
300°F), the incubator also provides fresh air and humidity. In commercial farming, 
incubator is essential. Generally, incubators are of two types, such as Flat type and 
Cabinet type. Generally 50-500 fertilized eggs are incubated in a Flat type inenbator. 
But in Cabinet type, 50—5000 fertilized eggs are inculated at the same time. Some 
precautionary measures are to be taken in incubator, such as— 

(i) Before use, the incubator is to be disinfected either by fumigation or 
formaldehyde. 

(ii) Inside the incubator, proper flow of air and required temperature are to be 
maintained. 

(iii) Proper arrangement of fertilized eggs is to be maintained. 

(iv) After 21 days of incubation, there is hatching of young ones. But in incubator, 
the eggs are rotated up to 18 days ; after hatching, the youngs are kept inside the 
incubator upto 36 hours ; during this period no food is required for young ones. 

(d) Debeaker : This is an equipment with sharp blade. This equipment is used for 
cutting the upper beak of chicks. 


7.8. Diseases and their Control in Poultry Birds 


It has been observed that various diseases of poultry birds affect the poultry industry. 
Most of the poultry diseases are extremely infectious. So the prevention of disease is 
more important than treatment of the diseased birds. Hence the poultry rearers must 
ensure the following : 

1. Cleanliness with light and ventilation of rearing room are to be maintained. 

2. Clean water and balanced food are to be given to the birds. 

3. Proper vaccinations are to be given to the poultry birds. 

4. Healthy birds are to be selected for rearing. 

5. Poultry birds are to be regularly examined for external parasites. 


Table 1: Some important diseases of Chicks, growers and layers are given in 
the following table : - 


Causative Symptoms Prevention Treatment 
Ornanism 


Name of the 
disease 


Remark 


1. Ranikhet Respiratory diffi- | Vaccination No treatment Chicks. 
(New Castle culty with gasping 
disease) and weakness. Bird 


places its head bet- 
ween two legs or the 
head placed back of 
the shoulder. 
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Causative Symptoms Prevention 
Ornanism 


2. Salmonelosis | Salmonella | White diarrhoea with | The day old | 0.04% Fura- 
(Fowl Typhoid) | gallinarum weakness. chicks should not | zolidone admi- 
(Bacteria) be exposed to | nistration. 
cold. 

Rearing room 
must keep dry 


Remark 


Name of the 
disease 


Bifuran like Chicks. 
medicine to 
be given with 
food. 
Piperazine 
compounds 
fed with mash. 


Protozoa 
(Eimeria) 


Loss of appetite, 
feathers rough, 
Comb and wattle 
become pale. 

General weakness, 
poor appetite, pale 
combs with rough 
feathers. 


3. Coccidiosis 


Besides Ranikhet 
disease and cocci- 
diosis, growers 
suffer by the 
worms and ecto- 
parasites also. 

In growers, 
infection by 
worms in addition 
to Coccidiosis and 
Ranikhet disease. 


Proper hygienic 
and sanitary 
methods. 


4. Disease due to] Ascaridia 
Large round- 
worms. (Endo- 
parasites) 


It is extremely 
difficult by 
medicine. 


Regular cleaning 
of the floor and 
separate the 
heavily infected 
birds. 


5. Diseases due to} Many 
Tapeworms. 


Poor growth, loss of 
weight, egg produc- 
tion reduced ; In case 
of heavily infected— 
diarrhoea and 
enteritis. 

6. Fowl coryza | Hemophilus| Nasal discharge, 
gallinarum) cough with respira- 
tory difficulties ; in 
some cases redness 
of eyeball. 
Pasteurella} Greenish diarrhoea, 
avicida Loss of appetite with 
(Bacteria) inactivity and 
weakess, a droopy 
nature, ruffled 
feathers, 

8. Tuberculosis | Mycobacterium] Loss of weight, 
inactivity, stopping 
of egg production, 
dry feathers. 


Use broad 
spectrum 
antibiotics. 


Disinfected the 
rearing room and 
equipments, 
elimination of 
diseased birds. 
Healthy manage- 
ment and 
vaccines. 


In the layers, in 
addition to 
Ranikhet disease 
and endoparasitic 
worms. 

This highly 
infectious disease 
occurs in layers. 


7. Fowl 
Cholera 


Administration 
of 1% sulpha- 
thyazine in food 
or 1% sodium 


Healthy Vaccination 


management. 


This disease 
mainly occurs in 
layers. 


9. Fowl pox Loss of appetite, | Vaccination Infected birds | This disease 
reduced egg produc- eliminated mainly occurs in 
tion, in the oral layers. 
region yellowish 
patches, black blister 
spots on the face, 
comb and mouth, 

10. Laryngo- Forced breathing, | Vaccination at | No medical This disease 


tracheitis Violent coughs, flow 
of watery discharge 
from eyes and 
mouth, mouth 


remains open. 


the age of six | treatment. 
weeks and 
balanced food 
and healthy 


management. 


occurs in layers. 


7.9. Matters To Recollect 


is Types of poultry birds : The most common bird used in poultry is fowl. The other 
birds are duck, geese, turkey, patriges, quel. 


1 Wild Jungle fowls : Gallus bankiva, Gallus lafayetti, Gallus sonneratti and Gallus 
varius. 
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us Different types of breed on the basis of Origin : Mediterranean breed, American 

breed, English breed and Asiatic breed. 

Methods of rearing of poultry bird : Free range poultry, Semi-intensive poultry 

and Intensive poultry. 

tS Deep litter: It is an intensive method where thick bed is prepared by saw dust and 
cut hay on the floor of the rearing room of fowls. 

t= Food of poultry bird : For different ages of fowls, different types of synthetic 
balanced diet are available in the market. 

ts Problem of poultry bird: Ranikhet disease occurs in chick, grower and layer. It is 
very dangerous disease caused by virus in all stages of poultry birds. Only remedial 
measure is vaccination against this virus. 


R 


7.10. Summary 


Poultry : It is an important small scale industry of economic importance for 
nutritive food which provides in the form of eggs and meat from birds mainly fowls. 

Types of poultry birds are included not only fowls but also other birds like duck, 
geese, turkey, patridges etc. From the four species of wild jungle fowls whose original 
home was India and its neighbouring countries, present day domesticated breeds 
are developed. The present day breeds of fowls have been classified mainly on the 
basis of their origin. Leghorn, Minorca, Ancona types are regarded as 
Mediterranean breed. In India, white leghorn becomes more popular, because 
they lay large number of eggs per year. Rhode Island Red, Plymouth rock, New 
Hampshire are regarded as American breed. Rhode Island Red becomes more 
popular in our country for their flesh and egg. English breeds, such as Sussex and 
Orpington are well known for their quality flesh. Asiatic breeds are reared for their 
good quality of meat. Fowls (chick, grower and layer) are rearing mainly in Deep 
litter system. Balanced nutritious food is to be given for the proper growth of the 
poultry birds. Proper care is to be taken of poultry birds about their health. 


7.11. Answers to Special Questions 
[1] What is poultry ? 
Ans. Poultry is an industry of economic importance in which birds relating mainly to 
food for human consumption are reared scientifically. 
[2] Mention the scientific names of four wild jungle fowls from which the 
modern domesticated breeds have been developed. 
Ans. (i) Gallus bankiva. 
(ii) Gallus lafayetti. 
(iii) Gallus sonneratti. 
(iv) Gallus varius. 
What do you understand by Mediterranean breed ? Which type of fowl in 
Mediterranean breed is more popular and why ? 
Ans. The type of breed which is developed near the Mediterranean countries like 
Italy, Spain ete., is known as Mediterranean breed. 
Popular one is white leghorn. Because this white leghorn is nicely adapted in 
our country as well as it lays large number of eggs (200-250 eggs) per annum. 


[3 
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Ans. 


[5] 
Ans. 


[6] 


Ans. 
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How American breeds are developed ? Mention three types of American 
breed. 

American breed is developed in America through the cross between 
Mediterranean and Asian breeds. 

Types of American breed : Rhode Island Red, Plymouth rock and New 
Hampshire. 

What are sitter and non-sitter in fowls ? Cite examples. 

The fowls which are sitting on he eggs for hatching are known as sitter, such as 
Plymouth rock and Aseel. 

Fowls which do not like to sit on eggs for hatching are known as non-sitter, such 
as Leghorns and Minorca. 

What do you understand by Deeplitter ? Give two advantages of deep- 

litter system in poultry rearing. 

It is a thick bed which is prepared by saw dust and cut hay on the floor of the 

rearing room of fowls. 

Advantages : (i) By bacterial action, the litter is changed into dry decomposh 

which is a good manure. This manure is utilized in agricultural field. 

(ii) In deep litter, poultry birds are saved from rains, cold waves and heat. They 

are not attacked by enemies as they remain always in a confined room. 


Prawn Culture 


Topics Discussed : Introduction, Definition of prawn culture, Habit, habitat and food of prawns, Types of 
cultivable prawns in India, Gross external features of prawn, Methods of prawn culture—Prawn culture in 
paddy fields of West Bengal, Prawn culture in paddy fields of Kerala, Prawn culture in the brackish-water 
bherries in West Bengal, Ad es of prawn culture in brackish-water, Problems in brackish-water bnerries, 
Diseases and their control measures of brackish-water prawns, Induced breeding of prawn 


8.1. Introduction 


Prawn which belongs to the phylum arthropoda, class crustacea is considered by 
most people a fish. But it is not a fish; it is an aquatic crustacea of economic importance. 
The prawn is a good source of protein and constitutes highly nutritive diet for human 
beings. Due to its nice taste, it is a cherished food-item throughout the world including 
non-vegetarian peoples of India. 

Different varieties of prawn are available in India. These aquatic prawns are 
inhabiting all sorts of water, such as sea-water, fresh-water and estuaries. But the bulk 
of production comes from the sea. Most of the marine adult prawns cought along the 
coastal rergion of India belong to the family Penaeidae, such as Penaeus, Metapenacus 
and Parapenaeopsis. 

The largest customers of Indian prawn at present is Japan followed by the USA. 
Hence the fisharies departments of India are giving much attention for wide scale 
propagation of prawn culture in the country through the scientific and technological 
uses. So in order to earn more foreign exchange and in order to meet the internal 
demand, prawn culture has become a natural outcome of the fish farming in India. 


8.2. What is Prawn culture ? 


In prawn culture, generally the larval forms of prawn is allowed to enter the different 
types of the culture fields, rear them there and to capture them for marketing. 


8.3. Habit, Habitat and food of Prawns 


Prawn inhabits all sorts of water, such as in sea-water, estuaries and fresh-water. 
They are generally living at the bottom of water and are avoiding sun-rays. The marine 
and brackish water species spawn in sea. The hatchlnings are incapable to swim, so 
they are drifted along with the current to the coastal waters or estuaries where they 
undergo development till they reaches the juvenile stage. The post larvae feed upon the 
dead organic matter of plants and animals and upon small benthonic organisms. 

The juvenile prawn has to enter the sea. The fresh-water species like 
Macrobrachium sp. spawn in fresh-water, then they are drifted to estuaries and after 
attaining the juvenile stage swim back to fresh-water. 

Prawns are consuming the organic substances, microscopic animals and plants as 
their food material. Among the animals, minute insect, snail, larvae of mollusca and 
echinodermata as well as aquatic weeds, algae, moss etc., are used as their food material 
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8.4. Types of Cultivable Prawns in India 


Cultivable prawns are divided mainly into two groups, such as : (i) Saline-water 
species and (ii) sweet-water species. Saline-water species are placed in the family 


Fig. 8.1 : Different types of cultivable prawns : 
A-Metapenaeus monoceros, B—Penaeus indicus, C-Penaeus monodon, 


D-Palaemon styliferus, 
E-Macrobrachium rosenbergii. 


Penaeidae, so thay are known as Peneid and Sweet-water species belong to the family 
Palaemonidae, hence they are known as Palaemonid or non-peneid. 
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Examples of Peneid : Penaeus monodon 
~- Penaeus indicus 
Metapenaeus monoceros 
Parapenaeopsis sculptris 
Examples of Non-peneid : Macrobrachium rosenbergii 
Macrobrachium malcomsoni 
Palaemon styliferus 


8.5. Gross external features of Prawn 


Body of the prawn is elongated and it is covered by hard covering known as carapace. 
The body is mainly divided into cephalothorax and abdomen. Cephalothorax is 
composed of head and thorax and this cephalothorax is covered by a hard carapace. 
There is a saw-like structure on the anterior end known as rostrum which acts as a 
defensive organ. Near about the base of rostrum, there is a pair of compound eyes. A 
pair of antenna which is a sensetive organ is placed at the anterior end of the body. On 
the ventral side of the cephalothorax, six pairs of walking legs are situated for walking 
on the substratum. These walking legs are known as pleopods. 


Fig. 8.2 : Lateral view of a prawn : 
1-cephalothorax, 2—abdomen, 3-telson, 4-uropod, 5-carapace, 6-eye, 7-rostrum, 8-antenna, 
9-spine, 10-chela, II-Walking legs, 12-pleopods (swimmerets). 


The abdomen is subdivided into few segments and each segment is covered by 
exoskeletal structures. The last segment of abdomen becomes triangular which is known 
as telson. On the ventral surface of the abdomen, there are few swimmerets which help 
in swimming. These swimmerets are known as pleopods. The last pleopod is modified 
which is known as uropod. 


8.6. Methods of Prawn Culture 


There are various methods of prawn culture in India. The prawn can be cultured in 
sweet (or fresh) water as well as in salty water. In sweet water as in pond, different 
types of prawn can be cultured, such as Macrobrachium rosenbergii, Macrobrachium 
rude, Macrobrachium malcomsoni, Palaemon styliferus etc. But in saline water as in 
paddy fields and brackish water bherries of Sunderbans and South 24-Parganas prawns 
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are cultured mainly of different species of Penaeus (Tiger prawn), such as Penaeus 
indicus, Penaeus monodon etc. Out of the various species of prawn, Penaeus monodon 
becomes more popular as well as high demand in the market. Hence this species of 
prawn is cultivated most extensively in our country and rearers are also financially 
benefited. 


8.6.1. PRAWN CULTURE IN PADDY FIELDS 


Extensive prawn cultivation in paddy fields is going on in Kerala specially in Cochin 
area as well as in West Bengal particularly in Sunderban and Kakdwip regions. 

8.6.1.1. Method of prawn culture in paddy field of West Bengal : In West Bengal, 
those paddy fields which are fed by irrigation canals in Sunderban region and South 
24-Parganas are most favourable for Prawn culture. In summer months, the water level 
of feeder canals of a river remains at a level about 30 cm below the level of the paddy 


Fig. 8.3 : Prawn cultivation in paddy field : 
A-Paddy field, B-Field after harvesting rice, C-Sluice Gate, D-Prawn collecting net 
attached to Sluice Gate. 


fields. At the time of onset of monsoon, the paddy fields are manured and then seedlings 
are planted. During monsoon, the rain water accumulates in the paddy fields as well as 
in the irrigated canals. As a result, water level of irrigated canals gradually becomes 
high and this water in feeder canals becomes low in salinity. During this period, bundhs' 
of paddy fields are cut at places and water of the feeder canals is allowed to enter the 
paddy fields, In the meantime, prawns lay large number of eggs in the low saline water 
of the feeder canal. Thus the huge number of larval stages of prawns enter to the paddy 
field along with the canal water. When the paddy fields are flooded with the water of 
feeder canal then the cut ends of paddy fields are closed. In the manured paddy fields, 
the large number of food particles are developed and these food materials are consuming 
by the young prawns. These young prawns are developed rapidly during the whole 
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period of paddy cultivation. After four months, just before the harvesting of paddy. 
prawns are collected from the paddy field. These prawns are now of marketable size 

8.6.1.2. Method of prawn culture in paddy field of Kerala : There are vast areas 
along the coastal region of sea in Kerala. In these coastal region, paddy cultivation is 
going on once in a year in the rainy season from July to September. Harvesting of 
paddy occurs in the month of October. After harvesting of paddy, these low-lying fields 
are utilised for prawn culture. Before culture of prawn, the bundhs with sluice gates of 
the paddy fields are repaired and strengthened. The sluice gates are now controlled 
manually. In the meantime algae, fry of fishes, different types of copepods, crustaceans 
and also larva of mollusca are available in these confined water of the paddy field. 
These creatures are utilised by growing prawns as their food material. Now the sluice 
gates are opened during the high tide of the sea ; as a result, millions of larval stages of 
prawn enter in these fields along with the incoming of sea-water. When the paddy 
fields are filled up with tidal water, the sluice gates are closed for a day. In the next day, 
sluice gates are opened during he low tide and the water of the field goes out. In order 
to prevent the escape of larvae of prawn during low tide from the paddy field, nets 
attached in rectangular frames are fixed at the sluice gates. This process of incoming of 
sea-water during high tide is repeated, so that the number of larvae of prawn increases 
in the paddy field. This process is closed from the mid April. The captured young 
prawns are allowed to grow in these paddy fields till December. After that harvesting 
of prawns begins and continues till April. After harvesting, the soil of the field is again 
prepared for the next cultivation of paddy. 


8.6.2. PRAWN CULTURE IN THE BRACKISH-WATER BHERRIES IN 
WEST BENGAL 


Prawns are cultured in the mild saline-water in the bherries in West Bengal. Such 
bherries are located in Sunderban areas in 24-Parganas (South). These bherries are 
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Fig. 8.4: Tiger Prawn Farm. 
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connected with the feeder canals which are coming from river. These well built 
enclosures are connected with the feeder canals through sluice gates. These sluice 
gates are manipulated mechanically. Inside the sluice gate, split bamboo screens in the 
form of inverted ‘V’ or ‘W’ are fixed. The screens are fixed in such a way that the 
larvae of prawn can enter inside the enclosure along with the incoming water of feeder 
canal but cannot escape outside the inclosure. 


Pathway of water entry 
into the farm 


Secondary 
entry point 
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Fig. 8.5 : Schematic Representation of the Prawn Farm, 


January and February, these two months are ideal for breeding of prawn ; because 
during this period the temperature of water becomes 25°C to 27°C. In this time, the 
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sluice gate is opened and the tidal water enters to the enclosure through feeder canal. 
During this high tide of water, the huge number of prawns enters to the brackish-water 
bherries but during the low tide, the water of the enclosures comes out to the feeder 
canal ; but fry of prawn is fail to escape from the enclosure due to inverted screen on 
the mouth of bherry. In this way, the sluice gates are operated during the whole months 
of January to early part of March. As a result, the enclosures become full of tidal water 
within the month of March. The enclosures now contain huge number of stocked fry of 
prawn. Due to presence of plenty of organic materials in the bherry, there is rapid 
development of fry of prawn. Now the bherries are filled up with tidal water and sluice 
gates are closed and the bherries are kept undisturbed. 

Thus the larvae of prawn remain undisturbed and growth of prawn continues rapidly. 
By the month of November, the prawns of the bherries become matured and they become 
marketable size. Now the water of the bherries is allowed to go out as far as practicable 
by opening the sluice gates. So large scale harvesting of prawn is done with the help of 
drag nets in the month of November-December. 


8.6.3. ADVANTAGES OF PRAWN CULTURE IN BRACKISH-WATER 
(BHERRIES) 

Following are the advantages of brackish-water prawn culture— 

(i) Prawn can live easily on normal environment. 

(ii) They can tolerate to some extent the variation of salinity in water. 

(iii) Their rate of growth is good. 

(iv) They are more or less omnivorous. 

(v) Fry of prawn is easily collected from the natural environment. 

(vi) There is least possibility of diseases. 


8.6.4. PROBLEMS OF BRACKISH-WATER BHERRIES 


Different types of problems of prawn culture in Brackish-water bherries are given 
below— 

[1] Mechanical problems: 

(i) Damage of embankment : Plant growth in saline soil is scanty. As a result, soil 
embankments of the enclosure specially in rainy season becomes loose and so there is 
every possibility of damage of the embankment during this period. 

(ii) Problems of sluice gate : Functional activity of sluice gates gradually become 
decrease due to deposition of mud in the sluice gates. Thus the problem arises to control 
the sluice gates during incoming and outgoing of water. Thus there is possibility of 
flood of water in the enclosures specially during the heavy rains in the monsoon. 

(iii) Erosion and deposition of soil : There is erosion of soil of the enclosures due 
to presence of sodium in the saline soil. This eroded soil can disturb the prawn culture 
due to deposition of this soil at the bottom of enclosure or at the sluice gate or at the 
feeder canal. 

[2] Physical problems of water : 

(i) Turbidity of water : If there is heavy turbidity of water in the enclosure, then the 
rays of the sun will be decreased at the bottom of the water. Thus its productivity will 
also be decreased. 

Gi) Temperature of water : In summer season, the prawn culture is hampered due 
to increase of temperature of the water in the enclosure. 
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[3] Chemical problems of water : 

(i) Deficiency of dissolved oxygen : There is every possibility of decrease of dissolved 
oxygen of water in the enclosure if there is increased salinity of water as well as increases 
of the number of plants and animals. Thus the prawn culture is hampered due to 
deficiency of oxygen. 

(ii) Pollution of water : There is heavy damage of prawn culture if the water of the 
feeder canal is polluted, so also of the enclosure water. 

[4] Biological problems : 

Prawn culture is also disturbed by various types of carnivorous fishes, such as Bhetki 
etc, These carnivorous fishes ingest the fry of prawns. In addition to this, some parasitic 
organisms create some diseases to prawn. 


8.6.5. DISEASES AND THEIR CONTROL MEASURES OF BRACKISH - 
WATER PRAWNS 


Brackish-water prawns are attacked by various kind of organisms, such as Virus, 
Bacteria, Fungus etc. As a result, many kind of diseases are produced to prawns. 
Important diseases, their symptoms and control measures are given below. 

1. Viral diseases : 

Causative organism—Virus. 

Symptoms—Due to attack of the virus, post larva and mature prawns take less 
amount of food with less mobility and also growth is reduced. 

Control measures—Disease free larvae are to be reared scientifically, diseased prawns 
are to be destroyed. 

2. Bacterial diseases : 

Causative organisms—Aeromonus, Vibrio etc. 

Symptoms—Black spots on the carapace and erosion of the carapace occur. Black 
spots also appear on gills and in other appendages of prawn. 

Control measures—Care to be taken on the quality of water, Antibiotics on water or 
with food may be used. 

3. Fungal diseases : 

Causative organism—Legenidium sp. 

Symptoms—Mycelium of the fungus spreads inside the body of the larvae of prawn; 
thus death may occur to the larvae. 

Control measures—Disease free larvae are to be cultured and observe the growth 
of larvae regularly. 


8.7. Induced Breeding of Prawn 


In order to make prawn culture most extensive, attempts have been made similar to 
that of induced breeding of carps. It has been observed if the experimental research 
that the extracts of eye-stalk of a mature prawn is injected to another mature prawn, 
then the 2nd prawn is induced in breeding. This process is still now confined to research 
laboratory ; its commercial use has not yet being done. It is expected that this process 
will be successful commercially in near future, 


8.8. Matters To Recollect 


Habit and habitat : Prawn is omnivorous in habit. They are generally living at the 
bottom of water. The marine and brackish-water species spawn in sea. The young 
larvae are drifted to the coastal water and estuaries. 
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t= Types of cultivable prawns in India: Saline-water species are Penaeus monodon, 
Pinaeus indicus etc., and sweet-water species are Macrobrachium rosenbergii, 
Macrbrachium malcomsoni etc. 

t= Prawn culture in paddy fields : Extensive prawn cultivation in paddy fields are 
going on in Kerala and West Bengal. In Kerala, after harvesting of paddy, those 
fields are used as prawn culture but in West Bengal prawns are cultured along 
with the paddy in paddy fields. Just before the harvesting of paddy, prawns are 
collected from the paddy fields. 

ts Brackish-water bherries in M Bengal: In West Bengal, mild saline-water bherries 
are situated mainly in the Sunderban areas. These bherries are connected with the 
feeder canal. Sluice gates are attached at the junction of bherries with that of 
feeder canal. During the high tide, the sluice gates are opened so that the water 
with the fry of prawn can enter inside the enclosures. Along with the incoming 
water huge number of young prawns are entered and the enclosures now contain 
stocked fry of prawn. These enclosures remain undisturbed and the growth of 
prawn continues rapidly. After few months, the prawns become mature and 
harvesting is done by drag nets. 

ts Induced breeding of Prawn : If extracts of eye-stalk of a matured prown is injected 
to another mature prawn then it induces breeding in prawn. This experiment is 
still now confined to research laboratory. 


8.9. Summary 


Prawns are inhabiting all sorts of water, such as sea-water, fresh-water and 
estuaries. But the bulk of production comes from the sea. Most of the marine adult 
prawns cought along the coastal region of India, such as Penaeus, Metapenaeus 
and Parapenaeopsis. 

The marine and brackish-water species spawn in sea. Hatchlings are incapable 
to swim. So they are drifted along with the current of water to the coastal regions or 
estuaries, where they develop and attain the juvenile stage. The post larvae feed 
upon the dead organic matter of plants and animals and upon small benthonic 
organisms. 

Cultivable prawns in India are mainly of saline-water and sweet-water. Saline- 
water prawns are known as Peneid, such as Penaeus monodon, Penaeus indicus 
etc., and sweet-water prawns are known as non-peneid or palaemonid, such as 
Macrobrachium rosenbergii, Palaemon styliferus etc. 

Elongated body of prawn is covered by carapace. Here head and thorax are 
united to form cephalothorax which is covered by a single piece of hard covering of 
carapace. On the anterior end of the body there is a saw-like rostrum. At the base of 
rostrum, there is a pair of stalked compound eyes. A pair of antenna is placed at the 
anterior end of the body. On the ventral side of cephalothorax, there are six pairs of 
walking legs and on the ventral surface of abdomen there are few swimmerets. 

There are various methods of prawn culture in India. Prawn can be cultured in 
sweet (fresh) water as well as in salty water. Non-penied group of prawn is cultured 
in sweet-water as in pond. But in saline-water as in paddy fields and brackish-water 
bherries prawns are cultured mainly of different species of Penaeus (Tiger prawn). 
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In prawn culture, though there are advantages in brackish-water bherries yet there 
are some problems, such as mechanical, physical, chemical and biological. Though 
there is least possibility of diseases yet they are attacked by various kinds of 
organisms. Diseases can be controlled by rearing of disease free fry and care to be 
taken about the quality of water. 


8.10. Answers to Special Questions 


[1] What is prawn culture? 

Ans. In prawn culture generally the larval forms of prawn is allowed to enter the 
different types of culture fields, rear them scientifically and to capture them for 
marketing. 

[2] (a) Mention the phylum and class of prawn. (b) What do you understand 
by Peneid and non-peneid ? 

Ans. (a) Phylum — Arthropoda 

Class — Crustacea 

(b) Saline-water species of prawn are placed in the family of Pinaeidae, so they 

are known as Peneid and sweet-water species belong to the family Palaemonidae, 

hence they are known as Palaemonid or non-peneid. 

Write down the scientific names of two saline-water prawns and two sweet- 

water prawns. 2 

Ans. Saline-water prawns : Penaeus monodon 

Penaeus indicus 
Sweet-water prawns : Palaemon styliferus 
Macrobrachium rosenbergii 
[4] Mention four advantages of prawn culture in brackish-water. 
Ans. Four advantages are given below : : 
(i) Prawns can tolerate to some extent the variation of salinity in water. 
(ii) Prawns can live on current water and also in currentless water. 
(iii) They are resistant to diseases. 
(iv) Their rate of growth is good, 
[5] What are the chemical problems of water during the prawn culture in 
brackish-water bherries ? 

Ans. (i) Deficiency of dissolved Oxygen: Deficiency is caused by increase of salinity 
of water as well as increase of the number of plants and animals in water. Thus 
the deficiency of oxygen occurs in water and thus prawn culture is hampered. 
(ji) Pollution of water: When the water of the feeder canal and also the enclosure 
water of bherries is polluted, there is heavy damage of prawn culture. 

[6] Mention one fungus which causes disease to brackish-water prawn. Write 
its symptoms and curative measures, 

Ans. Causative Organism: Legenidium sp. 

Symptoms : Mycelium of the fungus penetrates and spread inside the body of 
the larva of prawn and death may occur. 
Curative measures : (i) Healthy larvae are to be cultured, 

(ii) Regular check up the growth of larvae of prawn. 
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Pearl Culture 


Topics Discussed : Introduction, What is pearl ? Types of pearl producing molluscs, Distribution or habitat 
of pearl oyster, Structural characteristics of pearl oyster, How pearls are formed in nature, Process of Pearl 


culture, Chemical composition of pearl, Colour of Pearl, Quality of pearl, Utility of pearl, Importance of pearl 
culture. 


9.1. Introduction 


Pearl is known to human beings since ancient times. Chinese literature indicates 
that pearl was known to them as far back as 2300 B.C. Ancient Indian literature indicates 
that pearl was known to Indian as far back as 2000 B.C. 

Pearl is of animal origin and is obtained from Pearl oyster belonging to phylum 
Mollusca. A pearl has retained its position as a costly ornamental object. The actual 
nature and mode of formation of pearl inside the oyster has now been explained 
scientifically. Scientists engaged in pearl culture have planned to stimulate this natural 
phenomenon and succeeded in producing cultured pearls exactly of the same substance 
as the natural pearl. Pearl culture which is not a very old venture, is restricted to certain 
parts of the world. 


9.2. What is Pearl ? 


In some bivalve mollusc, if a foreign particle accidentally enters between the shell 
and mantle of the animal then a secretion comes out from the necre gland or mother-of- 
pearl of mantle and this secretion surrounds the foreign particle in a concentric manner 
which later becomes hard and glossy that is known as pearl. Pearl is always formed 
outside the mantle but inside the shell of mollusk, i.e., it is formed between the shell 
and mantle of the animal. It is not a mineral product, such as diamond or any other 
costly mineral stones. 


9.3. Types of Pearl Producing Molluscs 


Pearl producing oysters belong to the class Bivalvia and phylum mollusca. The 
important Indian species which are producing good quality of pearl are mentioned 
below : 

Pinctada fucata 

Pinctada chemnitzi 

Pinctada margaritifera 

Pinctada atropurpurea 

Punctada anomioides etc. 

All these species are marine and these are producing the pearl of fine quality. Certain 
fresh-water mussels also produce pearls but they are of inferior quality and hardly of 
any use. 

Fresh-water species— 

Lamellidens marginalis 

Lamellidens corrianus etc. 
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Fig. 9.1 : Some types of pearl oyster : 
A-Pinctada fucata, B-P. margaritifera, C chemnitzii. 


9.4. Distribution or habitat of Pearl Oysters 

Pearl oysters are sedentary in habit and remain attached to hard rocky ridges or 
dead corals of sea. They are located at a distance of 15-20 km from the shore and at a 
depth of 18-22 metres, In India, pearl oyster beds of the east coast are more extensive 
and productive than those of the west coast. These pearl beds produce best quality of 
pearls. The pearl oysters are obtained from Gulf of Kachchh of Gujarat, Gulf of 
Mannar of Tamilnadu, Palk Bay etc. 


9.5. Structural characteristics of Pearl Oyster 


The soft body of pearl oyster is covered by two valves just like other bivalvian 
molluscs. The two valves are attached by a hinge. Elevated area of the shell near the 
hinge is known as umbo. On both the sides of umbo, there are lateral extensions known 
as ear. Near the ear there is a byssal notch from which byssus threads come out. These 
threads are attached to some substratum. There are teeth-like notches at the terminal 
ends of the shell. On the shell, there are concentric lines. 

To study the mode of formation of pearl, it is essential to know the structure of the 
shell and mantle. 


9.5.1. STRUCTURE OF SHELL 


Shell of pearl oyster is composed of three distinct layers. They are as follows — 

1. Periostracum : It is the outermost layer of the shell. This layer is greenish- 
brown, thin and translucent. It is made up of an organic substance known as conchiolin 
which is secreted by mantle. This layer serves to protect the underlying layers from the 
bad effects of water. 
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Fig. 9.2 : Internal anatomy of pearl oyster. 
2. Prismatic layer : It is the middle layer of the shell. This layer is also secreted by 
mantle. This layer is composed of minute prism-like crystals of calcium carbonate 
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Fig. 9.3 : T. S. of shell and mantle of pearl oyster. 
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which is separated by thin layers of conchiolin. This layer gives rigidity and strength to 
the shell. 

3. Necreous layer: It is the inner most layer of the shell. This layer is better known 
as ‘mother of pearl’, because it is responsible for the formation of pearl. This layer is 
made up of alternate layers of calcium carbonate and conchiolin and they are arranged 
parallel to the surface of the shell. This necreous layer is secreted by the entire outer 
surface of the mantle. The main function of this layer is to protect the inner delicate 
surface from harmful effects of the foreign substance. 


9.5.2. MANTLE IS ALSO MADE UP OF THREE LAYERS 


These are given below : 

1. Columnar epithelial cells—This layer is made up of large number of unicellular 
glands. They are secreting necre. The cells are situated on the outermost layer of mantle. 

2. Connective tissue layer-This is the middle layer of mantle. This layer is mainly 
made up of fibrous connective tissue. > 

3. Ciliated epithelial cells-This innermost layer of mantle is composed of ciliated 
epithelial cells. These cells are secreting mucus. 


9.6. How pearls are formed in nature 


Pearl formation is an interesting phenomenon in certain bivalvia of mollusc group 
of animals. The epithelial cells of the outer layer of mantle which remains just below 
the shell are responsible for the formation of pearl. 


Mantle epithelium 


External 
Nacker layer 


Fig. 9.4 : Stages of pearl formation. 


Sometimes a foreign particle accidentally enters between the shell and mantle, of 
the oyster. These foreign particles are sand grain or parasites or a small insect etc. This 
foreign body acts as a nucleus and happens to adhere of its mantle. The epithalial layer 
of the mantle at once encloses the foreign body like a sac. Thus the foreign body is 
enclosed by mantle epithelium and forms a pearl sac. Now, this foreign body acts as an 
irritant and stimulates epithelial cells of the mantle. Then the epithelial cells of mantle 
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secrete necre which surrounds this foreign body in the concentric layers. These 
concentric layers of necre gradually completely enclose the foreign body from defence 
point of view. These layers of necre when harden becomes natural pearl. The size of 
pearl is directly proportional to the degree of irritation which is caused by foreign 
particle. Time taken for the formation of a pearl of average size is 3—5 years. 


Table 1. DIFFERENCES BETWEEN NATURAL PEARL AND CULTURED 
PEARL: 


Natural Pearl Cultured pearl 


1. This type of pearl is formed by 1. This type of pearl is produced by 
natural process. application of technology by human 
beings. 

2. Nucleus is artificially formed from 
molluscan shell. 

3. Nucleus is introduced by surgical 
process. 

4, Large number of pearls are produced. 

5. Growth of pearl occurs in human 
care. 

6. They are regular shape as that of 
nucleus. 


2. Here nucleus is formed by by sand 
particle, parasite etc. 

3. Nucleus enters the body 
accidentally. 

4. Few number of pearls are formed. 

5. Growth of pearl occurs in natural 
environment. 

6. They are generally of irregular 
shape. 


9.7. Process of Pearl Culture 


Japan has the honour of developing techniques to culture pearl oyster and obtaining 
pearl out of them by introducing artificial devices. These whole devices are very much 
complicated, technical and time taking. The basic principle of the pearl culture is to 
introduce some foreign material between shell and mantle of the oyster and out of 
irritation will produce necrous layers around the foreign body which in time will become 
pearl. The outline of the processes are given below 

1. Collection of Oysters: 

The oysters are collected from the bottom of sea by the experienced divers. Each 
diver possess a small hand net which helps in the collection of oysters from the bottom 
of sea ; the collected oysters are stocked in the wooden bucket which is attached by a 
chord to the diver’s left wrist. Diver goes up to 5 meter depth and can collect 2-10 
oysters per dive. The best time for collection of oysters is from early morning to mid 
day in the summer season ; because during this period the water is nearer and the sea 
remains calm. 

2. Rearing of Oysters : 

The collected oysters are first cleaned and then placed into the rearing cages. These 
cages are divided into few smaller chambers and covered with wire net. These rearing 
cages are placed in the sea-water as hanging position from the buoy. These cages are 
well protected from natural enemies of oysters, such as Octopus, Eel etc. Rearing cages 
remain in the sea-water for a period of about 10-20 days ; so that the oysters can 
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recover the strain due to excessive handling and for the adjustment to the shallow 


water conditions. 


Pearl collecting — 
container made 


of cane 


Fig. 9.5 : Rearing of pearl oysters. 


3. Insertion of nucleus: 

The insertion of nucleus as foreign particle is very much technical and is of great 
importance for pearl culture. As the nucleus is a foreign particle, so the pearl oyster has 
a natural tendency to throw it out from the body. Hence utmost care is to be taken 
during insertion of nucleus, so that the nucleus remains within the body. 

Following steps are taken for the insertion of nucleus in the oyster— 

(a) Fitness of Oyster for operation : The selected oysters for the insertion of 
nucleus should be healthy and strong, so that they can overcome the shocks during 
operation. 

(b) Preparation of graft tissue : The piece of tissue which is taken from one 
oyster is transplanted inside the mantle of another is called as graft tissue. A strip of 
about 7x0.75 cm. is cut from the edge of mantle of healthy oyster by sharp knife. This 
cut piece is to be cleaned and washed. Now this long strip is again cut into small 
Squares according to the size of the nucleus for insertion. These small squares are kept 
in sea-water at 22°C for 48 hours. Necre secreting cells of small squares of mantle are 
found only on the outer surface and so it is essential to keep the outer surface in contact 
with the inserted nucleus, 

(c) Preparation of nucleus : Although any small foreign particle may act as nucleus 
to initiate the pearl formation but the calcareous nucleus is the best ; because the 
deposition of necre is found to be more satisfactory on calcareous nucleus than other 
particle. So the nucleus is prepared from the molluscan shell. The shape of the pearl 
depends on the shape of the nucleus. If the nucleus is spherical, then spherical pearl is 
formed which is regarded as good quality of pearl. 

(d) Insertion of nucleus to oyster : Before the oysters are fixed in a desk clamp, 
oysters are kept under stress of suffocation. As a result, oysters start to open their shells 
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and a small piece of bamboo peg is inserted between the gap of two shells, so that the 
shells may not be closed again. Now the oysters are fixed in a desk clamp in such a way 
that the right valve of the oyster is facing upward. Before operation, the oyster is 
anaesthesized by some chemical. After that, the foot of the oyster is carefully expose 
and an incision is given on the epithelium of foot. Now one graft tissue piece is placed 
into the incision place and then the nucleus is placed over the graft tissue. This graft 
tissue acts as a bed for the nucleus. After that, small bamboo peg is quickly removed. 
The oyster shells are closed. The whole operation should not go beyond 30 minutes, 
because the oyster cannot survive beyound one hour of the operation period. 

(e) Post operational care : After completion of operation, nucleated oysters are 
placed into cages. These cages are suspended into sea-water and the cages are attached 


_ Pearl culture tray — — 
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Fig. 9.6; Pearl culture tray hanging from raft. 

with floating rafts. The cages are kept to a depth of 2-3 meters for about 6-7 days. As 
a result, the oysters are able to recover the shocks due to operation. This period of 6-7 
days is regarded as recovery period. After this period, oysters are examined and dead 
oysters if any are removed from the cages. Now a days, living oysters are examined by 
X-rays to see whether the inserted nucleus remains in position or not. About 3000- 
6000 nucleated oysters are kept in different cages. These cages are now suspended in 
sea-water at 2-3 meters depth through floating rafts. These cages are kept generally 
undisturbed in this position for 3—6 years. After which they are ready for harvesting. 

4. Harvesting of pearl from oyster : 

Oysters are removed from water after completion of 3 years of insertion of nucleus. 


2253—45 
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These are removed from water in the month of December to February and the pearls 
are taken out by crushing the oyster. Each oyster can form 3-4 pearls in their 15 years 
of life span. 

5. Cleaning of pearls after harvesting : 

After harvesting of pearls from oysters, pearls are cleaned properly with soap solution 
but pearls should not be rubbed much. 


9.8. Chemical Composition of Pearl 


Chemical analysis of a pearl shows iat it contains Argonite (special form of calcium 
carbonate : CaCO,), organic substance like conchiolin, water and other residue. The 
average percentages of which are given below 


1. Argonite : a special form of calcium carbonate — 90% 
2. Conchiolin sa type of scleroprotein (organic substance) — 5% 
3. Water: — 4% 
4. Other residue : ~ I 


9.9. Colour of Pearl 


Pearl is of different colouration. Colour of pearl depends on food of pearl oyster as 
well as the temperature of water and other organic conditions. Colours occur in white, 
cream, grass, blue, green, yellow etc. All the colours are in delicate shades. Black pearl 
is very rare though it is costly. Surface of pearl is rough. 


9.10. Quality of Pearl 


The quality of pearl does not depend on the bigger size. It depends upon the shape 
and lustre of pearl. A beautiful and a fine quality pearl is that in which the layers of 
necre are accurately and symmetrically laid round the nucleus. It is also free from any 
sort of adhesion. Perfect shape (such as spherical or oval) and deeper lustre makes a 
pearl most costly and this type of pearl fetches a good market. 


i Fig. 9.7 : Pearls of different types : 
Agood quality pearl, B-inferior quality pearl. C-baroque pearl with irregular outgrowth. 


9.11. Utility of Pearl 


1. Pearl is mainly used as costly ornamental object to human being. Previously the 
pearl was used by persons of special rank. In classical Rome, pearl was a symbol of 
rank and status and occupied important place in the crown of great emperors and queens. 
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2. Pearl dust is used in different diseases by Aurvedic physicians. 
3. Pearl has many qualities that have been mentioned in Astrology. 


9.12. Importance of Pearl Culture 


L, Pearl culture helps for the production of pearls in more number. 

, 2. India earns foreign money by exporting pearls. 
3. Many peoples, both scientists and trained one, are engaged in this pearl industry. 
4, Pearl culture helps in preventing the destruction of pearl bed. 


9.13. Matters to Recollect 


©" Pearl is known to human beings since ancient times. It is of animal origin and is 
obtained from oyster hich belongs to phylum Mollusca: 

&¥ Pearl is obtained both from marine species as well as fresh-water species of 
mollusca. Good quality of pearl is produced by marine species, such as Pinctada 
sp. which is commonly known as pearl oyster. 1 ¢ 

r In Indian region, pearl oysters are mainly distributed in the Gulf of, Kachchh, 

Gulf of Mannar, Palk Bay ete, 

The outermost layer of mantle of oyster is made up of columnar-epithelial cells 

which secrete nacre, 

r Foreign particle like sand, if accidentaly enters between the shell and mantle of 
oyster then the epithelial cells of mantle become irritated and secretes necre which 
surrounds the foreign particle from defence point of view. These layers of necre 
when harden becomes natural pearl. 

u The basic principle of pearl culture is to introduce some foreign material such as 
a small piece of calcareous shell between the shell and mantle of the oyster which 
are collected by divers from sea. Irritation of the foreign material produce a 
secretion from the mantle’s epithelium. This secretion is known as necre which 
surrounds the foreign body and in time becomes pearl. 


t] 


9.14. Summary 


Pearl was known to Indian as far back as 2000 B.C. A pearl has retained its 
position as a costly ornamental object. The actual nature and mode of formation of 
pearl inside the oyster (molluscan animal) has now been scientifically explained. 

Marine Pearl-producing Indian oysters are—Pinctada fucata, Pinctada chemnitzi, 
Pinctada margaritifera etc. They ure available in the gulf of Kachchh, Gulf of 
Mannar, Palk Bay etc. These oysters reside at a distance of 15 to 20 km. from shore 
and at a depth of 18 to 20 metres. The structural peculiarity of this animal is that the 
soft body of pear! oyster is covered by a soft mantle and overal the animal is covered 
by two hard shells which are attached by a hinge on the dorsal region. Shells are not 
smooth on the outer surface but there are concentric lines with teeth like notches at 
the terminal end. The shell as well as mantle of pearl oyster are composed of three 
layers. Inner most third layer of the shell is known as necreous layer, better known 
as ‘mother of pearl’ which is formed by the outer layer of the mantle. The outer 
layer or first layer of mantle secretes nacre. This nacre surrounds the foreign particle 
which enters accidentally between the shell and mantle. It acts as a defence of the 
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body. After 3 to 5 years, many layers of nacre are formed round the nucleus (foreign 
body) and subsequently these layers of nacre become hard and forms a pearl which 
is known as natural pearl. 

Pearl culture is very much complicated and time consuming process. The basic 
principle of the pearl culture is to introduce some foreign material in the oyster. In 
the pearl culture following steps are taken — s 

(i) Collection of oysters from sea by well trained divers, (ii) Rearing of oysters, 
(iii) Insertion of nucleus on graft tissue to oyster, (iv) Harvesting of pearl and (v) 
Cleaning of pearl after harvesting. 

A pearl contains Argonite (90%), conchiolin (5%), water (4%) and residue (1%). 
Colour of the pearl is ganerally white, but it may be cream, gray, blue etc. Quality of 
pearl depends upon the shape and lustre of pearl. Pearl culture helps for the 
production of pearl in more number. 


9.15. Naming / Discovery / Discoverer 

[1] Kokichi Mikimoto (1896) : He was the pionear in artificial pearl culture. He 
for the first discovered the art of cultivating the pearl oysters. 

[2] Tokichi Nishikawa (1939) : He discovered the process of pearl culture 
scientifically. He was the first person to get spherical artificial pearl. 

[3] K. Alagarswami (1975) : He proved that the rate of development of pearl in the 
Indian Sea is higher han that of Japanese pearl. 

[4] G. S. Rao (1995) : He described the elaborate process of pearl production in the 
Indian region, 


9.16. Answers To Special Questions 
[1] What is pearl ? 

Ans. Pearl is a secretion of pearl oyster when a foreign particle enters between the 
shell and mantle of oyster, mantle epithelium becomes irritated and secretes 
necre which surrounds the foreign particle and later it becomes hard to form 
pearl. 


[2] What is pearl culture ? 

Ans. In pearl culture, oysters are collected from oyster bed of sea and then by surgical 
incision on foot of pearl, the foreign particle is place there on graft tissue which 
is made from mantle of another oyster and now the oysters with inserted nucleus 
are placed on sea-water on a special cage for 3-5 years and Jastly pearls are 
harvested from the oysters. 


[3] Mention the scientific names of four Indian marine species of pearl oyster. 
Write down their systematic position upto class, 
Ans. Scientific name: Pinctada fucata 
Pinctada chemnitzi 
Pinctada margaritifera 
Pinctada atropurpurea 
Systematic position : Phylum Mollusca 
Class Bivalvia (Pelecypoda) 


[6] 


Ans, 
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What is habitat of pearl oyster 2 Write down the three pearl beds in the 
Indian region. : 

Pearl oysters are attached to hard rocky ridges and dead corals on sea at a distance 
of 15-20 km. from the shore and at a depth of 18 - 22 metres. 

Three beds are: Gulf of Kachchh, Gulf of Mannar and Palk Bay. 

Where from the nacre is secreted ? What is the role of nacre ? 

The nacre is secreted from the unicellular epithelial glands which are situated 
on the uppermost layer of the mantle of oyster. 

This nacre surrounds the foreign particle which enters between the shell and 
mantle of the oyster. Subsequently this nacre becomes hard and form pearl. 
What is nucleus in case of oyster ? How graft tissue is prepared ? 

The foreign particle which enters between the shell and mantle of an oyster is 
regarded as nucleus. 

The graft tissue is prepared from a mantle. First, a strip of about 70. 75 cm is 
cut from the edge of mantle of one healthy oyster. This cut piece is cleaned and 
washed. Now this long strip is again cut into small squares according to the size 
of nucleus for insertion. After that these small squares are kept in sea-water at 
22°C for 48 hours. Thus the graft tissue is prepared for insertion to another 
oyster for pearl formation. 


Apiculture 


Topics Discussed : Introduction, What is apiculture, Systematic position of honey bees and their scientific 
names, Habit and habitat of honey bee, Characteristics of different species of honey bees, Castes of honey 


bee and their social organisation. Life cycle of honey bee, Structure of a hive, Modern method of apiculture. 
Advantages of modern method of apiculture. Products of apiculture and their uses, Natural enemies of 
honey bee: 


10.1. Introduction 


The importance of honey was known to mankind since the pre-historic times in 
India as well as in other parts of the world. In olden days, the only method of collection 
of honey was to go to the forests in search of hives bees. After getting a hive, the honey 
collectors used to drive away the bees from the hive of by applying fire or smoke and 
then collect the honey and wax. Crushing of hive to extract honey was acrude method. 
In this method, not only the comb and larvae are destroyed but also gives very unhygenic 
honey. Such age-old practices are still followed in different parts of our country. 

After the investion of artificial hive of bees, the apiculture has become scientific 
and commercial. As a result, the bee-keeping has become a profitable cottage industry. 
Countries like America, Canada, Australia and New Zealand have increased their 
production of honey and bee-wax through the application of modern methods. Thus 
they have achieved outstanding success in apiculture. Hence commercially success of 
bee-keeping depends on the knowledge about honey bees. So a detailed study of the 
biology of the bees is essential for successful implementation of apiculture programme. 


10.2. What is Apiculture ? 


Apiculture is the technique of scientific rearing of honey bees in a specially 
designed wooden box and without damaging the comb foundation extract honey 
and wax from their artificial hives. 


10.3. Systematic position of honey bees 


Phylum : Arthropoda 
Sub-phylum : Mandibulata 
Class : Insecta 
Order : Hymenoptera 
Family : Apidae 
Genus : Apis 
Species : dorsata, florea, indica, mellifera and adamsoni. 
Scientific names : (i) Apis dorsata (ii) Apis florea, (iii) Apis indica, (iv) Apis mellifera 
and (v) Apis adamsoni. 


Out of these five species, three species are common in India. They are Apis dorsata, 
Apis florea and Apis indica. 
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But Apis indica is widely used in India in bee-keeping industry. 

Apis mellifera or Apis mellifica is commonly known as European bee though it is 
introduced in some places of India, such as in Himachal, Punjab etc. 

Apis adamsoni is commonly known as African bee which is not available in India. 


10.4. Habit and habitat of honey bee 


Honey bees are highly socially organised insects. They are very active during the 
spring season because this is the flowering season. From the flowers nectar and pollens 
are collected by the bees for the preparation of honey. In this period, they form strong 
colony, with honey rich combs. They show good division of labour among the three 
castes (Worker, Queen and Drone) of a species. Thousands of individuals are present 
in a bee-hive, In a natural environment, the hives of bees hang down from the branches 
of trees and ceiling of old deserted houses. The workers of a bee colony communicate 
informations for the location of the food sources by performing a dance which is known 
as ‘bee dance’. This phenomenon is known as ‘Language of the bees’. The ‘bee dance’ 
indicates distance and direction of the food source from the hive as well as quantity of 
food. 


10.5. Characteristics of different species of honey bee 


There are five well recognised species of bees which are found in the world. Out of 
these five species, three are common in India, such as Apis dorsata, Apis florea and 
Apis indica. The European honey bee (Apis mellifica) is very common all over the 
European countries including many other honey-producing countries of the world. There 
are many similarities between the Apis indica (Indian bee) and Apis mellifica (European 
bee) and both are domesticated for apiculture. 

The characteristic features of different species of common Indian honey bees 
are given below — 

[1] Apis dorsata (Rock-bee) : This type of honey bee is commonly known as rock- 
bee. It is the largest Indian species with average size of about 20 mm, They are distributed 
all over the countries up to the height of 3500 feet above sea-level. The workers are 
dark-brown in colour. 

They build a big hive on the branches of big trees, rocks and caves or ceilings of 
deserted buildings. This species stores huge amount of honey in each hive. Average 
annual production of honey from each hive is about 15 kg but some times it may be 
30-40 kg. 

They are migratory in habit and notorious for their ferocity. So it is practically 
impossible to domesticate them for the bee-industry. 

[2] Apis florea : This type of honey bee is commonly known as little bee. They are 
distributed only in the plains of India. 

* Little bee builds small hive on the branches of trees or in bushes or under the wall 
of the buildings, These honey bees are poor producers of honey. Each hive yields only 
about 0.5 Kg of honey per year. So these bees are not good for bee industry. 

[3] Apis indica : This type of honey bee is popularly known as Indian bee. It is the 
common type in Indian region. Indian bees are widely distributed on the plains and 
forests of India. 
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They build their hives in the crevices of tree trunk, hollows of rocks and caves, and 
earthen pots etc. Each hive yields 4 to 5kg of honey per colony per year. These bees 
are of gentle temperament and so are easy to handle. Hence this type of bees is 
domesticated for bee- industry. 


10.6. Castes of a honey bee and their Social Organisation 


Honey bee is a social insect with highly organised division of labour among the 
individuals of a colony. This nest of honey bee is regarded as the bee-hive. Generally 
a good und well developed bee-hive consists of 40 to 50 thousand individuals. Among 
the individuals of a bee-hive there are three types of castes, namely the Queen, Drone 
or males and Worker. Hence three types of morphological forms exist in a bee-hive 
and so honey bees are said to be a polymorphic species. All these three castes in a hive 
depend on each other for their existence. 


Worker Bee 


: eal aii 


The modified posterior leg of 
worker bee with pollen basket 


Fig. 10.1 : Different morphs of honey bees. 
1. Queen : A queen is 15 to 20 mm in length. The size of the body of a queen bee 
is much larger than the drone and worker of the colony. Her legs are strong and short. 
Abdomen is long and tapering. Generally one queen is present in a hive. 


APICULTURE 713 


A queen is a diploid fertile female. Commonly queen once meets the drone in the 
air while flying and this is known as nuptial flight. In the nuptial flight, queen receives 
spermatozoa from the drone. x 

The queen is responsible for laying of eggs for a colony. She lays about 1000 to 
1500 eggs every day. She lays fertile eggs from which females develop as well as 
unfertilized eggs from which males develop parthenogenetically. She lives for 2-3 
years. 

2. Drone: The drone is the haploid male member of the honey bee colony. So the 
drones are developed parthenogenetically from unfertilized eggs. The drones are larger 
than workers but smaller than queen. They create noise in the hive. Sting and the wax 
glands both are absent in the drones. So they are unable to gather food, but eat 
voraciously. Drones live for 3-4 months. 

The sole duty of the drone is to fertilize the queen (female). At the time of nuptial 
flight, the drones follow the queen. During this period one drone copulates and transfer 
the spermatozoa to the queen and then dies. 

3, Worker : The workers are diploid female but are incapable of producing eggs, 
i.e., Sterile female. They are the smallest in size among the three castes. They possess 
the following special structures— 

(i) Long proboscis for sucking the nectar from flower. 

(ii) Strong wings for fanning 

(iii) Powerful sting at the tip of the abdomen to defend the bee colony against any 
attack, 

(iv) Pollen basket on hind legs for the collecton of pollen from flower. 

(v) Wax glands on the ventral surface of the last four abdominal segments for 
secretion of wax. 

Their main functions are- 

(a) To construct and repairing of hive, 

(b) To prepare and store honey in the comb. 

(c) To look after young ones of the hive. 

(d) To clean the comb and maintain the hygienic condition of the hive. 

(e) To defend the hive. ; 

(f) To maintain the temperature of the hive. 

Workers constitute the majority of the bees in a colony. The life span of a worker 
bee is about 6 weeks. 


10.7. Life Cycle of honey bee 

In the apiculture, one must know the habit and life cycle of honey bees. Each hive 
of the bees contains one queen, few hundreds of drones and huge number of Workers. 
During nuptial flight, many workers along with drones follow the queen. The drone 
which successfully copulates with the queen, looses its copulatory organs and ultimately 
dies, After copulation, the spermatozoa of the male store in the spermathecae of the 
queen. After returning to the hive, queen starts laying eggs. The queen lays both fertilized 
and unfertilized eggs. It is believed that the process of egg laying is under the voluntary 
control of the queen. 

Following stages are found in the life cycle of honey bee, such as (i) egg, (ii) larva, 
(iii) pupa and (iv) adult. 
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(i) Egg: The queen lays one egg in one brood cell. The eggs are small, whitish 
and spindle shaped and are attached to the bottom of the brood cell. 85 

(ii) Larva: They are hatched both from the fertilized as well as unfertilized eggs 
after about three days of egg laying. Larvae are without any legs and so they cannot 
move and remain within the brood cells. Larvae are of two types, namely male larva 
and female larva. Male larva is developed parthenogenetically from the unfertilized 
egg and female larva develops from fertilized egg. 


Matured 
larva 


Matured 
larva 


Fig. 10.2 ; Life cycle of honey bee. 

All larvae are fed with the special food known as ‘Royal jelly’ for first 2 to 3 days. 
This ‘Royal jelly’ is secreted by the pharyngeal glands of the young workers of the 
hive. The royal jelly is a special food which consists of digested honey and pollen, 
mixed with a glandular secretion from the mouth of the workers. After that period, 
‘Bee bread’ is given to the larvae for a period 2 to 3 days. The beebread is a coarser 
food which is mixture of honey and pollen grains. However, the queen forming female 
larva is fed on ‘Royal jelly’ for full larval period. Each larva moults several times. 
After 6 days of feeding, the worker bees cover the brood cells with a thin layer of wax. 
Inside the brood cell, each larva spins a delicate silken cocoon. Now each larva turns 
into a pupa, 
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(iii) Pupa : In this stage, they do not take any food. They are legless and white in 
colour. Now they undergo starting changes not only of external form but also internal 
organs. Finally after metamorphosis the adult comes out by cutting the wall of cocoon 
first and secondly by breaking the wax covering. Pupal stage varies from 7 to 14 days. 

(iv) Adult: Adult honey bees are of three castes, namely queen (fertile female), 
drone (male) and worker (sterile female). They differ from each other on structural 
and functional point of view. Queen is developed from fertilized egg and the larva of 
which fed by only royal jelly. Drone is developed parthenogenetically from an 
unfertilized egg and the larva of which fed by royal jelly first and then with bee bread. 
In case of worker, the egg of which is fertilized but the larva fed by royal jelly first and 
then bee bread. Adult workers are actually females but they are sterile. It is thought 
that the differential type of food given to larvae lead the degeneration of body size and 
reproductive organs. Worker bees just after emergence to adult, start working but their 
duties are changed with the advancing age. 


10.8. Structure of a hive 

The house or nest of honey bees is known as hive or comb. The architecture of 
the hive is unique in the animal kingdom. The hive of the bees is constructed by workers. 
In a hive there live a single queen, thirty thousand or more workers and a few hundred 
drones. There is no special cell or chamber for lodging the adult bee, they move on the 
surface of the hive. 


Chamber for the worker 


chamber 


2 Chamber for 


the drone 


Chamber for 
the queen bee 


Fig. 10.3: Chambers of a bee-hive. 


In natural environment, whole hive is hanging vertically downwards from rock, 
building or branch of a tree. Each hive is composed of a double layer of hexagonal 
cells from a vertical sheet of wax. These hexagonal cells are horizontal in position to 
the central wax-sheet, i.e., cells are arranged in two opposite rows on a common wax- 
sheet. Hexagonal cells are also made up of wax which is secreted from the wax glands 
of worker bees. The hexagonal shape of cells or chambers gives maximum space in 
minimum use of wax and labour. The worker bees also prepare the resinous substance 
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from pollen known as ‘propolis’. This is used in making the hive water-proof. Propolis 
in also used in filling the cracks and crevices in the hive. 

The cells or chambers of a hive are of mainly two types. namely storage cells and 
brood cells. 

(i) Storage cells: This type of cells contains honey and pollen. Storage cells or 
chambers are situated on the margin and atthe top of the hive. 

(ii) Brood cells: This type of cells contains young stages of bee. Brood cells or 
chambers are situated on the centre and lower part of the hive. Brood chambers are 
further subdivided into three types, namely worker chamber, drone chamber and queen 
chamber. The developing workers are reared in the worker-chamber. The developing 
drones or males bee are reared in the drone- chamber. Larva which is developing into 
queen is reared in the queen-chamber which is larger than other chambers. The queen- 
chamber cannot be used again after emergence of the queen. But both the worker- 
chambers and drone-chambers are used a number of times. 


40.9. Modern method of Apiculture 


Modern method of apiculture is based on scientific facts which has been developed 
after the extensive studies of bee behaviour, their way of functioning and their mode of 
reproduction. Modern method of bee-keeping has opened a new era for the cottage 
industry in India and has also given an opportunity for the huge number of unemployed 
persons to keep them busy in this industry. The discovery of the principle of movable 
frame hive by Reverend Langstroth in 1851 gave an impetus to bee-keeping. 

Essential elements for bee-keeping by modern method are given below : 

1. Typical movable hive. 

Other equipments : 

1. Safety dress 

2. Smoker. 

3. Knife or hive tool. 

4, Honey extractor etc. 


10.9.1. TYPICAL MOVABLE HIVE 


An artificial movable frame hive is constructed by wooden box and is based on the 
bee space theory. This bee space is a small space which allows the entrance and exit of 
workers and drones but queen once placed in hive never comes outside the hive. 
According to the need, size and number of frames are variable from hive to hive. 

This typical hive consists of the following parts— 

(a) Stand: It is a four legged stand on which the whole hive is constructed. A 
slanting piece of wood is attached with the stand. This piece of wood is known as 
‘alighting board’, 

(b) Bottom board : It is made up wood and is situated above the stand. It forms the 
proper base of the hive. This bottom board contains two small openings in the front 
part of the board. One opening function as an entrance while the other opening function 
as exit of bees. 

(c) Brood Chamber : It is a rectangular wooden box without top and bottom. This 
brood chamber is placed on bottom board. Inside the brood chamber, 5 to 10 wooden 
frames are hanging vertically from the top. These frames can be removed independently ; 
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hence the modern hive is called as movable frame hive: The distance between the two 
frames of brood chamber 
is known as bee space. Top cover with 
This space is generally 8 ventelation 
mm. This space serves as * 

a passage for the 
movement of bees, so that — Inside lid 
the bees specially the 
worker bees can do their 
job. In each frame a wax- 
sheet is fitted. This wax- 
sheet is marked with 
hexagonal markings is 
known as comb 


foundation. This comb KE Queen 
foundation provides the > = y excluder 
base for the comb ZL Frame 
preparation on both the 55 


sides by worker bees. } Brood 

Worker, drone and queen chamber 
remain inside the brood 
chamber but the egg, larva 
and pupal stages of bee 
remain inside the chamber 


Botiom board 


Entry pathway 
of comb foundation. g bee 
Stand 


The brood chamber is 
covered over by a frame 
of metallic wire which is 


known as queen 
excluder. Through this 
queen excluder, the 
workers can pass easily to the super but the queen cannot pass. The function of the 
queen excluder is to confine the queen in the brood chamber. 

(d) Super : The brood chamber is covered by another similar chamber which is 
known as super. This super is also without any cover at the top. Super is also provided 
with many frames with comb foundation. Workers form the cells on comb foundation. 
This super is meant for storage of honey in the cells. In this chamber, queen cannot 
enter due to the presence of queen excluder. 

(e) Inner Cover : Super is covered externally by a wooden piece which is known 
as inner cover. This inner cover is provided with many holes for proper ventilation of 
the hive. 

(fy Top Cover (Outer Cover): This cover is placed on the top of inner cover. This 
top cover is fitted with zine sheet which is plain and sloping. Top cover is treated as the 
roof of the wooden box. Hence the top cover is meant for protecting the hive from 
rains. 


Fig. 10.4 : Movable hive. 
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10.9.2. ACCESSORY EQUIPMENTS OF BEE-KEEPING INDUSTRY 


1. Safety dress: Some safety materials are also required for easy and well planned 
handling of the bees. Bees have stings and to avoid the stings, the whole body is to be 
covered with thick garments, gloves, high shoes, bee veil etc. 


Helmet 


Facial covering z 3 Metallic Ring 


Elastic rope 


Mechanical 
rotational 
handle 


foundation 


Fig. 10.5 : Equipments used in bee keeping industry: 
A-Safety dress, B—Facial covering, C-Smoker, D-Knife. 


2. Smoker : Generally, bees not allow any body to collect honey from the hive and 
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so they attack the honey collector by their sting. So if we apply smoke to the hive then 
the bees will be driven out from the hive and then honey can be collected very easily. 
Hence for application of continuous smoke to the hive, an equipment like smoker is 
essential. 

3. Knife (hive tool) : This equipment is used to remove the frame from hive and 
when the cells are sealed by capping with the wax, the wax sealings are removed by 
this equipment before combs are placed in the honey extractor, 

4. Honey extractor : This equipment is used for the extraction of honey from the 
comb, Frames of the comb after uncapping the seales of wax are placed on the upper 
part of the equipment then it is rotated mechanically or electrically. The combs are 
centrifuged by this process and the pure honey is thrown out and deposited at the 
bottom of the extractor without any damage to the comb. Now the pure honey is collected 
on the bottle by opening the tap of the honey extractor. 


10.10. Advantages of modern method of apiculture 


In the modern method of apiculture there are several advantages. The advantages 
encourage the apiculturist. These advantages are given below— 

1. In the modern method, a proper watch on the activities of the bees is possible. 

2. During rainy season when the workers are unable to go outside from hive in 
search of food then concentrated sugar solution, water and pollen-like substances can 
be provided outside of hive for honey bees. 

3. Swarming of bees can be checked by modern hive. 

4. The same hive can be used again and again so that the workers give more 
attention for the honey than for the hive formation. 

5. During the bad climatic conditions, the hive can be transferred to other safer 
area. 

6. It is easy to protect the bees from enemies. 

7. Large quantity of pure honey can be obtained from modern hive. 


10.11. Products of apiculture and their uses 
Main products of bee- keeping industry are honey and bee-wax. 


10.11.1. HONEY 

Honey is a fluid, viscous or crystallized substance of high nutritive value, produced 
by bees from nectar of flower which bees collect and transform or combine with 
substances of their own, store and mature in honey comb chambers. 

* Process of honey production: 

Worker bees collect the nectar, pollen and sucrose from the flowers. These materials 
are then mixed up with the saliva of bees and undergo certain chemical changes by 
enzyme action. Now this sucrose is converted into dextrose and levulose. The water 
content of this mixture is also reduced. The whole mixture is then deposited in the crop 
of bee. When the worker bee reaches the hive, this whole mixture is regurgitated to the 
storage chambers of hive. After that due to the rapid beating of workers’ wings, a 
strong current of air is produced ; as a result, honey is concentrated in the storage 


chambers. Thus honey is produced in the comb. 
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@ Physical properties of honey: 

(i) Honey is very much sweet. i 

Gi) Honey is hygroscopic substance and if remains open then it absorbs water. 

Gii) Colour and smell along with taste of honey are variable in accordance with the 
juices collected from various flowers. 

(iv) Before preservation of honey in a bottle, mild heat is needed only to prevent 
fermentation and crystallization. 

„Chemical Components of honey: i 

The honey is a sugar rich compound. It is composed of the following main 


constituents: 


I. Levulose 

2. Dextrose .. 4 

3. Maltose and other sugar 8.81% 
4, Enzyme and pigments 2.21% 
S a! e 1.00% 
6. Water 17.20% 


human beings in different ways. The most important use of honey is as food and medicine. 

@ Food value: Honey is very much nutritious food. It is estimated that 2.1 gm of 
honey produce as much as 67 Kcal of energy, It is also observed that 200 gm of honey 
produces as much energy as that of 1.15 liter of milk or 1.6 kg cream or 330 gm meat. 
Its sugars, minerals, vitamins and other substances are readily absorbed by our systems. 
Honey can be taken as food by any man of all ages whether he is healthy or in illness. 
It can be taken in any season. 

@ 2. Medicinal value: Honey is widely used in Ayurvedic and Unani methods of 
treatment. Honey is antiseptic and helps to clear the bowel in case of constipation. It is 
also used as sedative. Honey is quite helpful in the formation of haemoglobin of the 
blood, It is also used as preventive measure against caugh, and cold, It also helps in 
blood purification as well as in the ulcers of tongue and alimentary canal. Regular use 
of honey is recommended after severe case of heart attack due to malnutrition, indigestion 
and diabeties. Honey is also used against typhoid, broncho-neumonia and dysentry. 

© 3, Other use: In addition to food and medicine, honey is also used in various 
ways, such as— 

(a) Honey is used in the preparation of bread, cake, biscuits etc. 

(b) Honey acts as preservative of food substances. 

(c) It is used in the production of alcoholic drinks. 
(d) Itis observed that honey is used in poultry and fishery, 
(e) Honey is used is various religious functions. 


10.112. BEE-WAX 


Bee-wax is a byproduct of bee-keeping industry. It is a secretion from the body of 
worker bees and this secretion forms a thin flakes for the construction of a hive. Generally 
it is yellowish to greyish brown in colour, Bee-wax is insoluble in water but soluble in 
ether, It never forms crystals. Bee-wax is brittle in cold climate. 
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10.11.2.1. Economic importance of bee-wax : 

(i) Bee-wax is used in the manufacture of face cream, lipsticks, ointments, paints 
etc. 

(ii) Itis also used in polishing of furniture, floor of a house etc. 

(iii) It is used in the preparation of candle for Catholic Churches. 

(iv) Bee-wax is used in comb foundation of the frames for artificial hive. 

(v) Itis used as non-conductor of electricity, 

(vi) Bee-wax can also be used in the laboratory for microtomy in tissue block 
preparation. 


10.12. Natural enemies of honey bee 


There are large number of animals who are acting as enemies to the bee. 

Wax moth (Galleria mellonella or Achroia grisella) : In case of weak hive or if the 
hive is not maintaining properly then wax moth enters to the hive and lay eggs specially 
during summer evenings. After hatching, larvae of wax moth feed on bee wax ; as a 
result, the chambers of the comb are destroyed. Thus they destroy the comb, 

Birds: Many birds, such as sparrow, fly-catchers etc., use bee as their food. So they 
damage the hive and creat much problem to the apiculturist. 

Toads : They feed the tired workers. So they are also causing harm to the colony of 
bees. 

Ants, wasp and termites : They are harmful to the bees. In all these cases, a regular 
check up and cleaning of hive is essential to minimize their effect on hive. 


Fig. 10.6(a) : Wagtail dance. 


10.13. Bee Dance 

If any worker bee (scout bee) finds a rich source of food, she can communicate this 
information to the other bees of her hive by a series of dances or movements in front of 
the comb, which indicate to the other members the direction, distance and the abundance 
of the source of the necter. 


2253—46 


722 A TEXT BOOK OF BIOLOGY 


The dances may be of two types— 


i EN hive 


` 


e hive 


n 


Dance Dance 
Bee hive 
Bee hive & 
FF Food ee N 
bo- 1 2, 
N \ 
Dance X Dance 
1 
i 


(i) Wagtail or wriggle dance : This dance 
is done on a vertical plane and its purpose is to 
indicate the direction and distance of food 
source. 


Gi) Circular dance : This dance is fer 
formed to convey to the other workers in the 
hive that a find has been made which requires 
to be harvested. 


10.14. Matters To Recollect Fig. 10.6(c) : Circular dance. 


The importance of honey from bees was known to human beings since the pre- 
historic times. In olden days as well as even today, some peoples extract the honey 
and wax by a crude method of crushing the hive of bees. 


t= After the invention of artificial hive of bees, the apiculture has become scientific 
and commercial. As a result, bee-keeping has become a profitable cottage industry. 


t= Honey bees are highly socially organised insects. In India, three types of honey 
bees are available. But the Indian bee (Apis indica) is domesticated for bee-keeping 
industry. 

t= In nature, generally a good and well developed bee-hive consists of 40 to 50 
thousand individuals. Among the individuals of a bee-hive, there are three types 
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of castes of a species, namely Queen, Drone and Worker. Hence honey bee is said 
to be a polymorphic species. 

1 Out of 40 to 50 thousand individuals of a bee-hive, single queen, few hundreds of 
drones (male) and huge number of workers are present. So they from a colony in 
a hive. The queen’s only function is to lay eggs which may be fertilizgd or 
unfertilized. Drone’s only function is to transfer the spermatozoa to Queen during 
nuptial flight. Workers are doing the major functions of the hive, namely 
construction and repairing of hive, protection and cleaning of hive, rearing of 
larvae in the brood chambers, formation and storage of honey in the storage 
chambers of the hive. 

1 Mondern method of bee-keeping is done in an artificial movable frame hive. Honey 
is extracted from movable frame hive by an equipment known as honey-extractor. , 
This honey is pure and is used mainly as food and medicine. Bee-wax is a byproduct 
of bee-keeping industry. Bee-wax is used in many industries in cosmetic preparation 
etc. 


10.15. Summary 


In the old method, not only the comb and larvae are destroyed but also gives 
very urhygenic honey. Such age-old practices are still followed in different parts of 
our country. After invention of modern method, the apiculture has become scientific. 
Now bee-keeping has become a cottage industry. 

The scientific name of the Indian bee is Apis indica. It is widely used in our 
country as because it is gentle and easy to handle. Honey bees are social insects. 
The workers of a bee colony communicate informations to other members of the 
hive through dance which is known as ‘Language of the bees’. Among the members 
of a bee-hive there are three castes, such as queen, drone and worker. The size of a 
queen bee is much larger than the drone and worker. Generally one queen is present 
in a hive. The queen lays eggs which are of two types, namely fertilized egg and 
unfertilized egg. The drone is the male member of the colony. The sole function of 
the drone is to fertilize the queen during nuptial flight. Workers are sterile females. 
They are the smallest size among the three castes. Workers are doing the major 
functions of a hive, such as honey, wax etc., productions. Honey is a sugar rich 
compound. Honey has its food value as well as medicinal value. Bee- wax is a by- 
product of bee-keeping industry. It is used in the manufacture of face cream, lipsticks, 
ointments etc. 


10.16. Naming / Discovery / Discoverer 

[1] Rev. L. L. Langstroth (1851) : He invented a new model of movable frame 
hive. After that, apiculture develops in a new direction. 

[2] Major Hurschka (1865) : He introduced a new model of honey extractor. 

[3] Moses Quinby (1870) : He introduced a new model of smoker. 

[4] Reverend Newton (1917) : He invented another type of movable hive for 
apiculture. This model is also known as ‘Newton hive’. 

[5] Carl Von Frisch : He discovered the device of worker bee to communicate the 
other workers of the hive about the source of food by dance. This phenomenon 
of dance he reported as ‘Language of the bees’. He was honoured with the 
Nobel prize in the year 1973. 


724 


A TEXT BOOK OF BIOLOGY 


10.17. Answers To Special Questions 
[1] What is apiculture ? 


Ans. 


[2] 
Ans. 


13 
Ans. 


= 


[4] 


Ans. 


[5] 


Ans. 


[6] 


Ans. 


Apiculture is the technique of scientific rearing of honey bees in a specially 
designed wooden box and extract honey and wax from their artificial hives 
without damaging the comb foundation. 
Give the systematic position and scientific names of Indian honey bees. 
Systematic position : 
Phylum : Arthropoda 
Sub-phylum : Mandibulata 


class : Insecta 
Order : Hymenoptera 
Family : Apidae 
Genus : Apis 


Scientific names : Apis dorsata, Apis florea and Apis indica. 

What is the ‘language of the bees’ ? What is its function 2 

The workers of a bee colony communicate informations to other individuals 
through dance in the colony, which is known as bee-dance. This phenomenon is 
regarded as ‘language of the bees’. It indicates distance and direction of the 
food source from the hive as well as quantity of food. 

How many castes are present in a species of honey bee ? Mention their 
functions. 

There are three castes in a species of honey bee. Castes are queen, drone and 
worker, 

Functions: Queen The queen is responsible for laying of eggs for a colony. 
She lays fertile eggs from which females develop as well as unfertilized eggs 
from which males develop. 

Drone : Sole function of the drone is to copulate and transfer spermatozoa to 
the queen during nuptial flight. 

Worker : Workers are sterile females. Main functions are—construction and 
repairing of hive, prepare and store of honey in the comb, to take care of the 
young ones in the hive, defend the hive from enemies and clean the hive. 
What are ‘royal jelly’ and ‘bee bread’ ? Mention their role in a bee-hive. 
A special food which consists of digested honey and pollen, mixed with a 
secretion of pharyngeal glands of the workers is known as royal jelly. 
A coarser food which is a mixture of honey and pollengrains is known as bee- 
bread. 

All larvae are fed with royal jelly by workers for the first 2-3 days but the 
queen forming female larva is fed on ‘royal jelly’ for the full larval period. 
All larvae except-queen-forming larva are fed with bee-bread for a period of 
2-3 days after ‘royal jelly’. 

What are the main products of bee-keeping industry ? Mention their main 
functions ? 

Main products are honey and wax. 

Functions : Honey—The most important use of honey is as food and medicine. 
Honey is very much nutritious food. It gives large amount of energy. In Ayurvedic 
and Unani methods of treatment, honey is widely used. 
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Bee-wax : It is a byproduct of bee-keeping industry. Bee-wax is used in the 
manufacture of face cream, lipsticks, ointments etc. It is also used in polishing 
of furniture, floor of a house and also it is used in preparation of candle for 
Catholic Churches etc. 


ee EXERCISE B a a a a rr 
© A. Long Answer type Questions: 


u 
[2] 
[3] 
[4 
[5] 
[6] 
(7) 


[8] 


[9] 
[10] 
m) 


02) 


[13] 
114] 
US] 
[16] 
1170 
118 
09] 
[20] 
[21] 


[22] 


(1) 


Why fowl is important among poultry birds ? Describe the different types of fowls in 


Mediterranean and English breeds. (Ans. 7.3 and 7.5.1) 
Mention the original home of jungle fowls. Write down the Scientific name of modern fowl. 
Write in short with examples of American and Asiatic breeds. (Ans. 7.5, 7.5.1) 
Mention only the names of the different methods of rearing of poultry birds. Describe in short 
of those methods, (Ans. 7.6) 
How deep litter is constructed for rearing of fowls ? (Ans. 7.6.1) 


What are the advantages and disadvantages of Deep litter system ? (Ans. 7.6.2 and 7.6.3) 
Mention the diet of poutry birds as recommended by Indian veterinary research Institute, 


Izatnagar. (Ans. 7.7.1) 
What do you understand by Prawn culture ? Mention two cultivable prawns in India. How 
cultivation in paddy field is going on in Kerala ? (Ans. 8.2, 8.4, 8.6.1.2) 


Describe in short the external features of prawn. Mention two species which are cultured in 
sweet water, Write what you know about the cultivation of prawn in saline-water paddy field 
in West Bengal ? (Ans. 8.5, 8.6, 8.6.1.1) 
Mention the scientific names of two types of prawns which are cultured in saline-water bherries. 
Describe the prawn culture in brackish- Water bherries in West Bengal. (Ans. 8.6, 8.6.2) 
What are the advantages of prawn culture in brackish-water bherries ? Write about the problems 


of prawn culture in brackish-water bherries. (Ans. 8.6.3, 8.6.4) 
What do you know about the induced breeding in prawn ? Write about the diseases and their 
control measures of brackish-water prawns. (Ans. 8.7, 8.6.5) 


What is pearl ? Write down the scientific names of two from marine oysters and two from 
fresh-water mussels. Give the structural peculiarities of mantle. How pearl is formed in nature? 

(Ans. 9.2, 9.3, 9.5 and 9.6) 
Describe in short the processes of pearl culture. Write down the chemical composition of 


pearl. (Ans. 9.7 and 9.8) 
What is apiculture ? Which species of honey bee is widely used in India in bee-keeping 
industry ? Write down the habit and habitat of honey bee. (Ans, 10.2, 10.3 and 10.4 ) 
Give the systematic position of Indian bee, Write down the characteristic features of different 
species of common Indian honey bees. (Ans. 10.3, 10.5) 
Write what you know about the castes and social organisation of honey bee. (Ans. 10.6 ) 
Describe with a line drawing the life cycle of honey bee. (Ans, 10.7 and Fig, No.) 
What is hive of a honey bee ? Describe the structure of a hive. (Ans. 10.8) 


Who invented the artificial movable hive ? Describe the different parts of a movable hive. 
(Ans. 10.9, 10.9.1) 
Describe the accessory equipments necessary for bee-keeping industry. What are the advantages 
of modern method of apiculture ? (Ans. 10.9.2, 10.10) 
What is honey ? Mention the chemical components of honey. Write down the uses of honey. 
(Ans. 10.11.1, 10.11.1.1) 
What is bee-wax ? Write down its economic importance. Mention few natural enemies of 


honey bee. (Ans. 10.11. 2, 10,11.2.1, 10.12) 
© B. Short Answer type Questions: 

What is poultry ? What is the common bird in poultry ? (Ans. 7.2, 7.1) 

What are chick and grower ? (Ans. 7.4) 
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[3] What are pullet and cockerel ? (Ans. 7.4) 
[4] How will you classify the fowls on the basis of weight ? Give examples. (Ans. 7.5.2) 
[5] Mention four important equipments used in poultry farming. (Ans. 7.7.2) 
[6] Write down the causative agent and symptoms of Fowl typhoid in poultry bird. 
(Ans. Table 1) 
[7] Write down the scientific name of four species of peneid group of prawn. (Ans. 8.4) 
[8] What is cephalothorax of prawn ? Write its phylum and class. (Ans. 8.5, 8.1) 
[9] In which area, the extensive cultuvation of prawn in paddy field occurs in India.(Ans. 8.6.1) 
[10] Mention four advantages of prawn culture in brackish-water bherries. (Ans. 8.6.3) 
[11] Write in short about physical problems in brackish-water prawn culture. (Ans. 8.6.4) 
[12] Mention the distribution of pearl oyster in marine environment. (Ans. 9.4) 
[13] What are the uses of pearl in human society ? (Ans. 9.11) 
[14] Mention the different types of colouration of pearl. (Ans. 9.9) 
[15] Mention the importance of pearl culture. (Ans. 9.12) 
[16] What is the role of outermost layer of cells of mantle of oyster ? (Ans, 9.5.2) 
[17] How oysters are collected from sea bed ? (Ans. 9.7) 
[18] Why the old method of extraction of honey was unhygenic ? (Ans. 10.1) 
[19] Write down the scientific name of four species of honey bee. (Ans. 10.3) 
[20] Mention the different castes of a honey bee. Why the honey bee is regarded as polymorphic 
species ? (Ans. 10.6) 
[21] Write the special structures of a worker honey bee. (Ans. 10.6) 
[22] Why the hexagonal cells are present in a hive ? Discribe the different types of cells in a hive. 
(Ans. 10.8) 
[23] What is comb foundation ? What is the function of queen excluder ? (Ans. 10.9.1) 
[24] How honey is prepared by worker bees ? (Ans. 10.11.1) 
[25] What is honey ? Give the chemical composition of honey. (Ans. 10.11.1) 
@ C. Distinguish between: 
[1] Coccidiosis and Ranikhet disease. (Ans. Table) 
[2] Breed and variety. (Ans. 7.4) 
[3] Sitter and Non-sitter. (Ans, 7.5.3) 
. [4] Table breed and Dual breed. (Ans. 7.5.4) 
[5] Free: range poultry and Intensive poultry. (Ans, 7.6) 
[6] Telson and uropod in prawn. (Ans. 8.5) 
[7] Peneid and non-peneid prawn. (Ans. 8.4) 
[8] Natural pearl and culture pearl. (Ans, 9.6.1) 
[9] Nucleus of pearl and graft tissue of pearl. (Ans. 9.7) 
[10] Rock-bee and Indian bee. (Ans. 10.5) 
[11] Queen bee and worker bee. (Ans. 10.6) 
[12] ‘Royal jelly’ of bee and Bee-bread of bee. (Ans. 10.7) 
[13] Storage cells and brood cells of a hive of honey bee. (Ans. 10.8) 
[14] Queen excluder and Bee space (Ans. 10.9.1) 
ob. Short Notes: 
[1] Laying breed (Ans. 7.5.4) 
[2] Feeder (Ans. 7.7.2) 
[3] Incubator (Ans. 7.2) 
[4] Debeaking (Ans. 7.4) 
[5] Biological problems in prawn culture (Ans. 8.6.4) 
[6] Bacterial diseases of prawn (Ans. 8.6.5) 
[7] ‘Mother of pearl” (Ans. 9.5.1) 
[8] Byssus threads of oyster (Ans. 9.5) 
[9] Nacre of oyster / (Ans. 9.5.2) 
[10] Comb foundation of apiculture (Ans. 10.9.1) 
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Honey extractor (Ans. 10.9.2) 
Bee dance (Ans. 10.4) 
Apis indica (Ans. 10.5) 
Drone bee (Ans. 10.6) 


E. Multiple choice type Questions: 


11 
[2] 
[3] 
[4] 
[5] 
[6] 
171 
[8] 
191 
110] 
111 
[12] 


[13] 


114] 
151 
1161 
1171 


[18] 
[19] 
[20] 


Original home of jungle fowl was India/Spain/Italy/America. 

Leghorns are American breed/Mediterranean breed/Asiatic breed/English breed. 

Heavy breed of fowl is Minorca/Rhode Island Red/White leghorn/Ancona. 

Ranikhet disease of chicks is caused by bacteria/Roundworms/Protozoa/Virus. 

Tuberculosis of layers is caused by Virus/Bacteria/Protozoa/Tapeworm. 

Prawns are living in air/land/water/semi-aquatic medium. 

Macrobrachium rosenbergii is living on saline-water/fresh-water/land/air. 

Bacterial disease in prawn is caused by virus/Aeromonus/Legenidium. 

Pearl producing oysters belong to the phylum Porifera/Cnidaria/Mollusca/Protozoa. 
Oysters are sedentary/floating/swimming/crawling in habit. 

Oysters are located at a distance of 5/10/12/15 km. from the sea shore. 

Elevated area of the shell of oyster near the hinge is known as byssus threads/notch/valves/ 
umbo. 

Middle layer of the shell of oyster is known as periostracum/prismatic/columnar layer/ciliated 
epithelium. 

In an oyster, pearl is formed after completion of 1/2/3 years. 

Surface of pearl is rough/smooth/wavy/irregular. 

Apis mellifera is an Indian/A frican/European bee. 

Queen bee’s only function is to laying of eggs/clean the hive/formation of honey / produces 
Wax. 

The drone of a bee hive is male haploid/diploid/triploid/tetraploid. 

Honey is prepared by queen bee/drone bee/worker bee. 

Bee-wax is secreted by worker bee from the mandibular gland/wax gland/honey crop. 


. Fill in the blanks : 


ul 
[2] 
131 
[4] 
[5] 
[6] 
[7] 
[8] 
[9] 
110] 
m] 
[12] 
1³1 
1141 
[15] 
[16] 
017] 
[18] 
[19] 
[20] 


Fowl’s cholera in layers is caused by a microorganism known as / 
Many species of large endoparasitic roundworms attack the of poultry birds. 
6 months to one year young female fowl is called 
The young fowl (male or female) of 8 weeks to 6 months age is known as 
The newly hatched young fowl upto the age of 8 weeks is regarded as 
Prawns are inhabiting and ` 

The last segment of abdomen of prawn becomes triangular known as 
Prawns:of the saline-water are regarded as 
Tiger prawn is mainly rear in the in Sunderban areas. 

There is erosion of soil of the enclosure due to pressence of in the saline soil. 
Pearl culture helps in the production of more number of 
Pearl is mainly used as .to human society. 

The quality of pearl depends upon the and of pearl. 
Surface of pearl becomes 3 
Pearl oysters are available at a depth of metres of sea-water. 
Growth of cultured pearls occurs by human s; 
Honey bee is a with highly organised organism. 

Worker bees are of a bee colony. 

All larvae of a bee-hive are fed with for the first 2 to 3 days. 
Each larva of honey bee spins a delicate silken cocoon inside the 
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@ G. Put / Mark on ves / No for correct answer: 
[1] Debeaker is an equipment for cutting the beak of a chick. Yes / No. 


[2] Incubator is an instrument in which the fertilized eggs are hatched. Ves / No. 
[3] 6 months to one year young male fowl is known as cock. Ves / No. 
[4] Scientific name of present day domesticated fowl is known as Gallus bankiva Ves / No. 
[5] Large number of (eggs near about 200-250 per year) are laid by New Hampshire ...... Yes / No. 
[6] Penaeus monodon which is common saline-water specis, is cultivated in West 
Beis ͤ ee ee cress Yes / No. 
[7] Saline-water species of prawn is cultivated both in paddy field and bherries. Yes / No. 
[8] Just before harvesting of paddy, prawns are collected from the paddy field 
in West Bengalen mm ⁰ůͥũ˖ sc ere PPD ce Yes / No. 
[9] During the low tide, water enters to the enclosure through sluice gate. s Yes / No. 
[10] In prawn, induced breeding is successful commercial. — Yes / No. 
[11] Oysters are collected by divers from the surface of sea-water. Ves / No. 
[12] The best time for collection of oysters is from early morning to mid day. sees YES / No. 
[13] Collected Oysters on rearing cage are remained in sea-water for 5 days only 
to overcome the strain due to excessive handling. Yes / No. 
[14] Strong and healthy oysters are selected for the insertion of nucleus. Yes / No. 
[15] The deposition of necre is found to be more satisfactory on calcareous nucleus Yes / No. 
[16] In pearl culture, each oyster can produce 10 pearls in their 15 years of life span....... Yes / No. 
[17] Queen of a comb produces honey and wan. Yes / No, 
[18] Worker bees lay fertilized and unfertilized eggs. o o o h Yes / No. 


[19] If we apply the smoke from smoker to the bee-hive then all the bees will be 


r . cy Ves / No. 


[20] An artificial movable frame hive is constructed by wooden box is based on bee 
space theory. 


sry Yes / No. 


Answers to Q. No. E, F, G 


„ 11 India. [2] Mediterranean breed. [3] Rhode Island Red. [4] Virus. [5] Bacteria. [6] water. 
[7] fresh-water. [8] Aeromonus. [9] Mollusca. [10] sedentary. [11] 15 km. [12] umbo. 
[13] prismatic. [14] 3. [15] rough. [16] European. [17] laying of eggs. 118] haploid. 
[19] worker bee. [20] wax-gland. 

III Pasteurella avicida. [2] growers. [3] pullet. [4] grower. [5] chick. [6] 1 fresh- 


water, estuaries. [7] telson. [8] Peneid. [9] saline- water, bherries. [10] sodium. [11] pearls. 
[12] ornament. [13] shape, lustre. [14] rough. [15] 18-22. [16] care. [17] social, insect. 
[18] sterile, female. [19] royal jelly. [20] brood, cell. 

+ [1] Yes.[2] Yes. [3] No. [4] No.. [5] No. [6] Yes. [7] Yes. [8] Yes. [9] No. [10] No. [11] No, 
[12] Yes, [13] No. [14] Yes. [15] Yes. [16] No. [17] No. [18] No. [19] Yes. [20] Yes. 


Sericulture 


Topics Discussed : Introduction, what is sericulture, distribution of sericulture, economic importance of 
sericulture, what is silk, chemical composition of silk, why the fibre or cocoon is coloured, colouration of 
silk, qualities of silk, different kinds of silk and silkworms, mulberry silkworm, voltinism in silkworm, life 
history of mulberry silkworm, structure of silkgland, sericulture practices, mulberry cultivation, rearing of 
silkworm, rawsilk production, rearing of non-mulberry silkworms, uses of silk, diseases and enemies of 


silkworms, improvement of silk production. 


11.1. Introduction 


From the early part of civilisation, the human beings started to prepare clothes from 
the natural fibres. Plants and animals are the natural resources from which the fibres 
are collected and man prepare their cloth from these fibres. Cotton, a plant product is 
the main raw material from which the fibres are produced for making the cloth. In 
animals there are certain insects that secrete a substance from which the fibres are 
extracted for preparing the cloth. The larva, a stage in the life history of an insect 
secretes a substance from their own gland and this secretion forms a covering 
surrounding the larval body for its own protection. This covering is known as cocoon. 
Human beings extract the fibres from this cocoon and they prepare the cloth with these 
fibres, Various kinds of fibres are extracted by man from the different nature of cocoon 
and the name of the fibres are also different. But all the types of fibres are commonly 
known as silk. The extraction and processing of silk fibres have led to the development 
of sericulture. 


11.2. What is Sericulture ? 

The scientific process of rearing the larvae of silkworm for production of the cocoon 
and the extraction of good quality of fibres from these cocoon is known as sericulture. 
The sericulture proper deals with the mulberry cultivation, rearing of silk-worms, 
production of cocoons, extraction and reeling of silk fibres. 


11.3. Distribution of Sericulture 

The main silk producing countries of the world today are Japan, China, Russia, 
Korea and India. Japan is the first and China has become the second silk producting 
country. Next to China is the Russia then to Korea. India is the Sth silk producing 
country of the world. Sizeable quantities of silk are also produced by Italy, Bulgaria, 
Brazil, Iran, Turkey and Thailand. Sericulture is also practised in Rumania, Spain, 
Greece, Hungary etc. 
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[| Mulberry sitk 
[C] Tasar silk 
[Jeri silk 
S Muga silk 


Fig.11.1 : Distribution of different types of silk culture in India. 


11.4. Economic Importance of Sericulture : 


Since the discovery, the silk has played an important role in the life of man and it is 
associated with the socio-economic life of many Asian and central Asian countries. 
Many centuries back, silk from China and India was carried to Europe through Tashkent, 
Baghdad, Damascus and Istambul of Turkey covering a length of 6,000 miles and this 
famous road was known as Silk road. 

In modern ages, though different types of synthetic fibres have been developed yet 
the demand of silk is steadily increasing and continues to reign in supreme as the 
‘queen of textiles’. 

Sericulture is essentially a village-based industry and it has been practised even 
today mainly by the small and medium sized lanti holders as a subsidiary occupation. 
But the recent technological development have made it possible to practice sericulture 
on an intensive scale, as a result it has become more remunerative than most of the 
agricultural crops. 

s India and other major silk producing countries of the world are exporting the raw 
silk and it is one of the most important exportable item. As a result, India and other 
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countries earn valuable foreign exchange. So the silk also plays an important role as a 
foreign exchange earner. 


11.5. Definition of Silk 


Silk may be defined as a kind of glossy thread which is obtained from the secretion 
of silk gland coming out through the spinneret and mouth of matured silkworm. 


11.5.1. CHEMICAL COMPOSITION OF SILK : 

The silk fibre is composed of two types of protein, namely fibroin (C39H46N 10012) 
and sericin (C30HAON10 O1). The fibroin is at the centre of the fibre to form the inner 
core and the sericin covers the fibroin on the outer side as an outer envelope. Fibroin is 
75 to 80% of the fibre and the rest 20 to 25% is the sericin. So the silk fibre is chemically 
composed of protein. The lusture of the fibre is due to the lubricated secretion of 
Filippi’s or Lyonnet’s glands. 


11.5.2. WHY THE FIBRE OR COCOON IS COLOURED ? 


The outer covering of the fibre the sericin becomes coloured due to presence of 
pigments like xanthophyll and carotinoids. As the fibre is coloured so the cocoon also 
becomes coloured. These pigments, obtained from host plants, are present in the blood. 
From blood the pigments penetrate into the glands and colour the secretion. The central 
core of the fibre, the fibroin never becomes colured, i.e., it always remains white. 


11.5.3. COLOURATION OF SILK 

Different types of silk fibres have different colouration. There are four types of silk 
fibres and the colours of those fibres are mentioned below. 

[1] Mulberry or Chinese silk : The mulberry silk fibre in West Bengal is yellowish 
but it is greenish fibre in Karnataka. Silk fibre in Japan is mainly white but the fibres of 
China become yellow or white in colour. The fibres of mulberry silk are much shiny 
than other silk. This is commonly known as pure silk. 

[2] Eri silk : The eri or endi silk fibres are either creamy white or brick-red in 
colour, These fibres are less shiny than the mulberry silk. 

[3] Tasar silk : The fibres are copperish coloured. 

[4] Muga silk : The fibres are golden coloured. 

But all the coloured fibres become cream-colour after bleaching. 


11.5.4. QUALITIES OF SILK 

The silk fibres are tough and bright but at the same time it is soft, light and elastic in 
nature. The silk fibre never creates any reaction on the skin of the human body i.e., 
non-allergetic. The silk cloth can be used in all seasons. For these qualities, the silk is 
treated as the ‘Queen of textiles’ even today despite the onslaught of man made synthetic 
fibres. 


11.6. Different Kinds of Silk and Silkworms 


There are four kinds of silk which are commercially important. All these four kinds 
of silk are available in the different parts of India whereas only two kinds of silk namely 
mulberry silk and tasar silk are found in other silk producing countries of the world. 
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Three kinds of silk namely mulberry silk, tasar silk and eri silk are found in West Bengal. 
But the muga silk is found only in the Assam Valley in the world. Among the different 
kinds of silk, only the mulberry silk is the most important as it produces about 95% of 
world production of all the silk fibres. Naturally the term ‘silk’ commonly refers to 
the silk of the mulberry silkworm. The other three kinds are generally known as non- 
mulberry silkworm. 

[1] Mulberry silkworm : The scientific name of this insect moth is Bombyx mori. 
It is reared for more than 4000 years and becomes completely domesticated. Bombyx 
mori is believed to have been derived from the wild species of Bombyx mandarina. 
The mulberry silkworm is widely distributed in the world. After hatching from the 
eggs, the larvae feed on only the mulberry leaves : so the worms are commonly known 
as mulberry silkworm and the fibre is known as mulberry silk which is commonly 
called ‘silk’ but in Bengali it is called ‘resham’. 

[2] Eri silkworm : The scientific name of the insect moth is Philosamia ricini. 
There is another closely related wild species known as Philosamia cynthia. The 
Philosamia ricini is a domesticated species. They like to feed maily on eri leaves or 
castor leaves ; so they are commonly known as eri silkworm or castor silkworm and 
the fibre is known as eri-silk. 


Fig.11.2 : Life cycle stages of non-mulberry silkworms : A—Tasar, B—Eri, C—Muga. 


[3] Tasar silkworm : Throughout the world there are mainly three species under 
the genus Antheraea, namely Antheraea pernyi (Chinese tasar silkworm). Antheraea 
mylitta (Indian tasar silkworm) and Antheraea yamamai (Japanese tasar silkworm). 
All these species of tasar silkworm are wild in nature and cannot be domesticated. 
Among the three, the chinese tasar silkworm is most important as it contributes the 
highest amount of the non-mulberry silk in the world. The filament that is collected 
from the cocoon is known as tasar silk. Larvae of Indian tasar silkworm consume the 
leaves of sal, arjun etc. 


[4] Muga silkworm : This silkworm also belongs to the genus Antheraea as in 
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tasar and the scientific name is Antheraea assama. They are semi-domesticated and is 
found only in Assam. The filament that is collected from the cocoon is known as 
muga silk which is very attractive as well as very strong fibre. The larvae of Muga 
silkworm consume the leaves of plants like champa, som, soalu etc. 

Table 1: Chart showing the names of worm, their host plant, silk and 
distribution : 


Naure of 
silkworm 


Distribution 
(India) 


Silk and its 
Colour 


Name of host 
plant and 
feeding material 


Leaf of Mulberry 
plant (Morus alba) 


Common | Scientific 


Mulberry | Bombyx 
Silkworm | mori 


Mulberry silk ; 
Silk is yellow 
or greenish 


West Bengal 
(mainly in 
Murshidabad, 
Maldah, 
Birbhum & 
Bankura) 
Karnataka, 
Tamilnadu and 
Kashmir, 
Assam and 
West Bengal 
(Coochbehar 


Completely 
domesticated 


Likes to feed the Domesticated 
leaf of castor plant 


(Ricinus communis). 


Philosamia 
Silkworm | ricini 


Eri silk ; silk is} 
either creamy- 
white or brick 


Others Papaya, red. This is and Jalpaiguri) 
Champa etc. assam silk. 
Antheraea | Leaf of Sal Tasar silk; silk] Bihar, Orissa, | Wild nature 


West Bengal 
(Purulia, 
Bankura and 
Birbhum). 
Only in Assam 


is copperish 
coloured. 


(Shorea robusta), 
Arjun (Terminalia 
arjuna). 


mylitta 


Semi- 
domesticated 


Leaf of Soalu 
(Litsaea polyantha). 
Som (Machilus 
bombycina), 
Champa 
(Michelia 
Champaka). 


Antheraea 
Silkworm | assama 


Muga silk ; 
silk is golden- 
yellow. 


11.7. Mulberry Silkworm 


HISTORY OF DISCOVERY AND SPREAD OF SERICULTURE : Historical 
evidence shows that silk was discovered in China and sericulture has started under the 
care of Chinese queen Shi-Ling-Chi, wife of the Emperor Whuang-ti in the year of 
2604 B.C. Subsequently the silk industry spreads from China to other parts of the 
world. 

There is a romantic history about the discovery of silk. One day, queen Shi-Ling- 
Chi was engaged in the tea ceremony in her palace garden under a mulberry tree. At 
that time, a golden-coloured cocoon of the insect detached from the mulberry tree and 
dropped in her tea-cup. She tried to remove the cocoon from the cup but she was 
amazed to see that the filament came out of the cocoon and that filament was continuous 
one. Then the queen collected some more cocoon from the mulberry tree and reared 
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them, She developed the methods of reeling and weaving. The Emperor as well as the 
other members were astonished to see a piece of silk cloth which was presented by the 
queen. From that day, the sericulture was started in a new dimension and the secrecy of 
silk maintained by the Chinese for about 3000 years. For this great contribution of 
queen Shi-Ling-Chi, the chinese people worshipped her as the ‘Goddess of silkworm’. 
Thus the silkworm is also commonly known as Chinese silkworm. 

Subsequently, the silk industry spread to Korea near about 7200 B.C. by some chinese 
immigrants. The industry later spread to Japan during the third century B.C. During 
the later part of 19th. century, Japan gave serious attention to the development of her 
own silk industry. As a result, Japan produces the highest quantity of quality silk in the 
world during the early part of the 20th. century and Japan has maintained that position 
till now. 

In spite of all preventive and secrecy, the art of sericulture came to the western 
European countries. Italy practically controlled the entire European sericulture industry 
and trade, from 72th to 16th. centurty. Sericulture spread from Italy to France. In 
France, sericulture and silk weaving were developed to a great extent throughout the 
18th century. Then the sericulture gradually spread to the Spain, Bulgaria, Greece, 
Hungary, Russia and Yogoslavia. 

According to western historians, mulberry tree cultivation spread to India from 
China through Tibet by about 140 B.C. The sericulture began in the areas flanking the 
Brahmaputra and Ganges rivers. During the medieval period, sericulture was flourished 
in India. Subsequently the silk from Bengal and Kashmir was exported to the European 
markets. When the British came to India, the East India company developed silk centres 

in many parts of India. Later on Cossimbazar in Murshidabad district of Bengal became 
the Principal trade centre and Bengal silk was flourished during this period. But when 
the East India company’s monopoly was abolished in 1836, gradually the silk industry 
in Bengal was declined. In the mean time Mysore, Kashmir, and other major silk 
producing states took serious steps to develop the sericulture industry. In West Bengal 
Murshidabad, Malda, Birbhum, Bankura and Darjeeling districts are now producing 
the good quality of silk and are developing their weaving. 


11.7.1. SYSTEMATIC POSITION OF MULBERRY SILKMOTH 


Phylum : Arthropoda 
Sub-Phylum : Mandibulata 
Class : Insecta 
Sub-class : Pterygota 
Order : Lepidoptera 
Family : Bombycidae 
Genus : Bombyx 
Species Mori 


Scientific name: Bombyx mori 


11.7.2. VOLTINISM IN SILKMOTH 


The number of completion of life cycle in a year is known as voltinism. 
On the basis of the number of life cycles in a year, the silk-moth (mulberry) is 
divided into three kinds, namely Univoltine, Bivoltine and Multivoltine or Polyvoltine. 
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[i] Univoltine: When only one generation of silkworm is reared in a year during 
the spring and the eggs of the second generation go through a period of rest or 
hibernation till the next spring such silkworms are known as univoltine. The eggs of 
the second generation are facing winter coldness, as a result, the development of the 
embryo stops after a certain period of growth, this is called diapause stage. After 
winter, the diapause stage starts development again and hatches in the next spring. 
This type of egg of the second generation is called the hibernating egg. Hence the 
Univoltine silkworm lays only hibernating egg. Best quality silk is produced from 
univoltine strains. 


[i] Bivoltine : In this case, the silkworm lays non-herbernating eggs in the first 
two generations ; so the two subsequent generations are completed, one in spring 
and another in summer in a year. But the eggs of the third generation are hibernating 
and hatches only in the next spring. Such silkworms are called bivoltine and they lay 
both non-hibernating as well as hibernating eggs. Bivoltine strains produce the silk 
of moderate quality. 


[iii] Multivoltine or Polyvoltine : In this case, silkworm lays only the non- 
hibernating eggs and the silkworms yield as many as seven to eight generations in a 
year. The life cycle in multivoltine race is the shortest as they are reared in warmer 
tropical sericulture areas, such as India, Thailand etc. Hence the silkworm rearing 
of multivoltine race is a continuous process in tropical areas. However, the quality of 
multivoltine silk is not very good. 

But the silkworm rearing of univoltine and bivoltine races in subtropical and 
temperate sericulture areas is mostly seasonal, restricted from spring to early autumn. 


11.7.3. LIFE CYCLE OF MULBERRY SILKWORM 


The life history or life cycle of silkworm passes through four distinct statges, namely 
egg, larva, pupa and adult. The duration of life cycle varies from 6 to 8 weeks, 
depending upon the races and climatic conditions. The different stages of life cycle are 
discussed below. 

[1] Egg : The eggs of silkworm are tiny and due to domestication, these eggs are 
laid down in a card board by a female silkworm after copulation with a male one. In 
case of multivoltine race, the average number of eggs lays by a female may be 350-400, 
but univoltine and bivoltine races lay 500-550 eggs. The female moth completes her 
egg laying within 24 hours. Each egg is more or less oval and measures 1 to 1.3 mm in 
length and 0.9 to 1.2 mm in width. The multivoltine eggs hatch out in about 9-12 days 
depending on the conditions of the rearing room. 

[2] Larva : The newly hatched dark brown or black larva is about 2.5 mm in 
length and densely covered with minute bristles. It looks like a hairy caterpillar. In 
Bengal, larva is called as polu. As the larva grows, it becomes smoother and lighter in 
colour. The larval body is composed of three segments as in other insects, namely 
head, thorax and abdomen. 

[a] Head : There are six pairs of ocelli or larval eyes. These eyes are located 
behind and slightly above the bases of the antennae. There is a pair of jointed antennae 
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which are acting as a sensory organ. On the antero-ventral region of the head, there is 
a mouth which is guarded by mouth parts, namely labrum, labium, mandible and 
maxilla. Labrum is placed on the dorsum of the mouth and labium, a lower lip is 
located on the ventral side of the month. On the medial region of the labium, there is an 
elongated structure known as spinneret through which the secretion of the silkgland 
is expelled to form the silk thread. Two powerful mandibles that are situated on the 
lateral sides of the mouth are used as masticating organ. Two maxillae are also located 
ventro-laterally on the mouth and are used to discriminate the taste of food. 


Head Thoracic legs Spiracle 


Abdominal prelegs 


Fig.11.3 : A fully grown larva of Bombyx mori. 


[b] Thorax : The thorax is composed of three segments, known as prothorax, 
mesothorax and metathorax. Each thoracic segment carries ventrally a pair of jointed 
leg. These three pairs of legs are regarded as true legs which are conical in shape and 
carry sharp claws at the distal end. These claws are used for holding the mulberry 
leaves during the feeding time but are not used for crawling. 

[c] Abdomen : Though it is composed of eleventh segments yet only nine segments 
can be distinguished. The tenth and eleventh segments of abdomen are fused with the 
ninth segment. There are five pairs of unjointed fleshly abdominal legs. 

Abdominal legs are distributed from third to sixth and the last abdominal segments. 
These five paris of abdominal legs are known as prolegs and the distal end of each 
proleg forms a disc-like structure that carries a series of inwardly curved hooks. The 
larva moves with the help of these prolegs, i.e., they act as locomotory organ. On the 
dorsal side of the eight abdominal segment of the larva there is a caudal horn or anal 
horn. On either side of the body there are nine pairs of spiracles. The first pair of 
spiracle is located on the first thoracic Segment (prothorax) and the remaining eight 
pairs are located on the first eight abdominal segments. These spiracles are the 
respiratory pores and are helping in the breathing process. 

The tiny young ones that comes out after hatching from the egg is regarded as the 
first instar larva. After 3-4 days, the outer layer is removed from the body of the first 
instar larva and this phenomenon is known as moulting and this is the first moulting of 
the larva and the larva transforms into second instar stage. During the whole larval 
life of 22-27 days, the larva moults four times to enable the larva to grow and five 
distinct instars or stages are produced of the four intervenin g moults. 

The duration of the instars (1st. to 5th.) and the moulting time of the different 
races are given in the following table. 
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Table 2 : Showing the duration of different instars with moulting time : 


Multivoltine Univoltine and Bivoltine 


Ist. instar : 3 days 3 days 
Ist. moult : 20 hours 20 hours 


2 days 27°€ 
20 hours 
3 days 25°C 


2nd. instar: 2 days 
2nd. moult: 20 hours 277 
3rd. instar : 3 days 


3rd. moult : 1 day 1 day 
4th instar : 4 days  25-26°C 5days 22-24°C 
4th moult : 1day 1 day 


5th instar : 6-7 days 9-10 days at 20-23°C 


Total 22-23 days Total 26-27 days 


The fourth and fifth instars larvae are regarded as matured or late ages’.The fifth 
instar larva is fully matured and becomes a length of 7.5 cm. The abdominal cavity of 
the fifth instar larva is mostly occupied by a pair of silk gland. The fourth and fifth 
instar larvae develop distinct sexual markings on the ventral side of the 8thand 9th 
abdominal segments. 


Summer or Winter sleep 
4-10 months 


~Amtificiatrelease==sbl.z14 says Hatching of egg 
— 
sons ANY 5 
3 ‘Pass Shedding of hair 


Non diapause eggs 
[ising eggs 3- 4\days 
RATUS Ist deln 


223) days 
1 


SLOTS 2nd Moulting 


3.4% 
* 


5 
TENIS, ua Movlting 
5 Hu, 


2 
. e Ein Mouling 


Fertilization 


ay 
4 -5 days p 
Pupa stage 8 f 0 Sophy 1 RETA 


Production of silk Matured state 


Fig.11.4 : Life cycle of silkworm. 
Table 3: Showing the sexual marking of Male and Female larvae : 


Female Larva 


A pair of milky white spots are present | A milky white body appears at the 

in each of the 8th and 9th ventral | centre of the ventral side between the 
abdominal segments. These two pairs of | 8th and 9th abdominal segments. This 
spots are known as Ishiwata’s glands. is known as Herold’s gland. 
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8th abdominal 


gland 
Harold's gland ( Anterior lobe of 
Ishiwata's gland 
9th abdominal 
segment 


. Posterior Ishiwata's gland 


segment 


Fig.11.5 : Difference of male and female larva. 


The fifth instar larva becomes a golden brown colour. The matured larvae do not 
take any food, rather they secrete a fluid substance from the silk glands. This secretion 
comes out through the spinneret of the mouth and becomes dries up in the air in the 
form of fibre which is known as silk filament. At this time, the larva rotates its head 
continuously; within a period of 3 to 4 days time'the larva is completely covered by 
this continuous silken thread. This silken covering is known as cocoon and the larva 
which remains inside the cocoon is transformed into pupa. 


[3] Pupa : The inactive stage inside the cocoon is known as Pupa. The pupa is 
incapable of feeding and 
remians in dormant Compound eye 
condition. In the pupal Antenna 
stage, the dissolution of the 
larval organs takes place 
and subsequently there is 
formation of adult organs. 
The pupa gradually turns 


Wing 


8 8th segment 
brown to dark brown and its 
> 9th segment 
skin becomes harder. Pupal seana Doblike mark 
stage continues for /0 to 12 


days in multivoltine race Fig.11.6 : Pupa of silkworm. 
and 12-15 days in univoltine race. Sex markings are very prominent and it is easier 
to determine the sex in the pupal stage. 


Table 4 ; Showing the sexual marking in the pupal stage : 


Female pupa Male pupa 


There is a fine longitudinal line on | This longitudinal line is absent. 
the 8th. abdominal segment. 


There is a metamorphosis at the late pupal stage and the pupa is transformed into 
an adult one, że., metamorphosis is a phenomenon whereby the pupa is transformed 
quickly into a morphologically different adult form, This stage secretes an alkaline 
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fluid that dissolves the cocoon at one end. After 10-12 days in multivoltine, the adult 
moth comes out through the dissolved end of the cocoon. 

[4] Adult : The adult silkmoth that emerges from the pupa is incapable of flight 
due to its domestication for more than four thousand years. There is a short duration of 
the adult life, during this period the silkmoth does not feed. The adult remains alive 
for 3-6 days in multivoltine and 6-10 days in univoltine races: The body surface is 
covered with scales. The adult body is divided into three distinct segments like that of 
larva. These segments are head, thorax and abdomen. 

On each side of the head, there is a compound eye: The ocelli are absent. A pair of 
large bipectinate antennae which is the characteristic feature of moth is present on 
the head. 


Female 


Fig.11.7 : Adult of silkworm, 


The thorax consists of three segments like that of larva. These segments are: 
prothorax, mesothorax and metathorax. Each segment of the thorax bears a pair of 
jointed legs on the ventral surface, i.e., three pairs of thoracic legs are present. 
Mesothorax and metathorax, each bears a pait of wings ; the front paircoveres the hind 
pair When the silkmoth is in the resting position. There are vi pairs of Shiracles and 
they are arranged on either side of the body. Thus the mulberry silxworm completes its 
life-cycle by 6 to 8 weeks. 

‘The adult male and female silkworm can be easily distinguished and are shown 
in the following table. 

Table S. Showing the distinguishing characters of Male and Female silkmoths: 


1. The body and abdomen are I. 
comparatively larger in size with 
inflated abdomen and female is less 
active. f 

2. The antennae are comparatively 
smaller than male. 

3. At the caudal end there is a knob-like | 3. 
projection with sensory hairs but 
harpes are absent. 

4. Seven abdominal segments are visible. 4. 


The male moth is smaller in size with 
slender abdomen and is more active 
than female. 


The antennae are larger than female. 


Caudal end bears a pair hooks known 
as harpes. 


Eight abdominal segments are visible. 
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11.7.4. STRUCTURE OF SILK GLAND OF SILKWORM LARVA 


In the 5th. instar when the larva becomes fully matured, the paired silk glands 
become golden in colour and transparent. Silkglands are located on the ventro-lateral 
sides of the body cavity of larva and are extended from the 4th to the 8th segments of 
the body. The posterior ends of the silk glands are blind. Each gland is divided into 
three distinct regions, namely anterior, middle and posterior. 

Structure : The anterior regions of the silk glands are straight and narrow tubes 
and these two tubes of both sides are united anteriorly to form a common tube which 
opens into the spinneret of the mouth cavity. The middle 
region of each silk gland is the largest and consists of 
three broad arms. The posterior part of the gland is 
narrow tube and is highly coiled ; its terminal end is 
Middle blind. At the junction of the two anterior regions of the 

part 5 A 
(Storing silk)} silk glands, there is an another pair of glands known as 
Filippi’s glands or Lyonnet’s glands. 

Functions : The glands secrete fibroin and sericin 
like proteinous substances. The fibroin is secreted from 
the posterior region of the silk gland. This fibroin comes 
to the middle region where maturation takes place, the 
middle region acts as a reservoir as well as secretes 
sericin around the fibroin. The anterior region of the 

Fig.11.8 : Silk gland. silk gland does not secrete any substance, rather it acts 
simply as a passage. It carries the silk substance from the middle region of the gland 
to the spinneret, then the secretion comes to the outside and forms silk filament after 
dried up in the atmosphere. 

A viscous fluid is secreted by Filippi’s glands. The exact function of this fluid is 
not known but it may give lusture to the silk fibre. 


Spinneret 


3 W Fillipi's gland 


11.8. Sericulture Practices 


The practices of sericulture mainly deal withthe mulberry silkworm and large 
number of peoples are engaged in this practices. Sericulture, primarily become the 
village-based cottage industry and large number of village peoples also earn their 
livelihood. The economy of the village peoples largely depend on this sericulture 
and the Central government also earns foreign money. through this industry. The 
sericulture industry has its three sections. These sections are : (i) Mulberry cultivation 
and rearing of silkworms with the production of cocoon- section one, (i) reeling of 
silk from the cocoon—section two and (iii) weaving of cloth with silk fibre section 
three. Each section of sericulture is controlled and managed by aseparate set of peoples. 
But each section is depending on the other sections. Hence the improvement of the 
sericulture depends on the improvement of all its sections. Here we are mainly dealing 
with the first section and to some extent of the second section of the sericulture. 


11.8.1. PRACTICE OF MULBERRY CULTIVATION 


The larvae of mulberry silkworm thrive well on the mulberry leaf. The leaf of 
mulberry plant is the only food of the silkworm. As they are depending on single 
type of plant, so they are regarded as monophagous insect. The larva get the protein 
content from the mulberry leaf, as the protein is essential for the silk. So the proper 
cultivation and production of good quality of mulberry leaf with high protein content 
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are essential for the development of sericulture. So the proper care should be taken 
during the cultivation and propagation of mulberry plant. The cultivating varieties of 
mulberry plant are the five 
species under the genus 
Morus, namely Morus 
indica, Morus alba, Morus 
nigra, Morus rubra and 
Morus tartarica.. The 
growth of these plants are 
very rapid with abundant 
foliage. These plants are 
deep rooted and perennial 
one. These plants are 
cultivated for the collection 
of leaves and leaves are 
collected four to five times 
in a year. 

The mulberry plants are 
cultivated either by seeds 
or vagetative methods. The 
seeds that give rise to plant 
take much time than the 
vegetative methods. Hence 
the modern sericulturists 
are practising the 
vegetative methods. Mulberry leaves 
Vegetative methods of 
cultivation are done either 
by cuttings or graftings or 
layers. Cutting is the 
common system that is 
practised in West Bengal 
as well as in other silk 
producing states in India. 
Cuttings are done from the 
one year old branches of 
the mulberry plant and 15 Fig.11.9 : Feeding of host plant by silkworm larva. 
cm. long pieces are made from the branch ; each piece of such cuttings must contain 
three or four buds, These cuttings are planted in row system in the well ploughed and 
well manured field in the month of June. Each cutting is allowed to grow upto 3-4 feet 
height to form the bushy plant. Thus the bush mulberry is grown from cuttings and 
leaves can be plucked from the 4-5 months old bush mulberry. In one year old bush 
mulberry, first prunning is to be done. From bush mulberry, leaves can be plucked four 
to six times in a year. This is convenient for rearing of multivoltine races of silkworm. 
The bush mulberry yields good quality of leaves for about 25 to 30 years provided 
proper manuring (specially cowdung, chemical fertilizers) and prunning are to be done. 
Manure helps the plants for proper growth and prunning helps the plant for development 
of new branches with new leaves. 
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11.8.2. REARING OF SILKWORM 


Hay roof 
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npana 2 
Staircase 


Topview 


In tropical areas like India 
where the growth of the 
mulberry plant is continuous 
throughout the year, silkworms 
are reared five to six times in a 
year. The programme of the 
silkworm rearing depends on 
the availability of the mulberry 
leaf as well as facilities for 
rearing of silkworms, i.e., 
suitable room and equipments. 

[a] Rearing room : The 
first pre-requisite, is a suitable 
room for rearing silkworms. 
The rearing room has a 
varandah all around. The room 
must be provided with adequate 
number of windows for cross 
ventilation and light ; all the 
windows and doors are to be 
covered with fine wire nets so 
that the insects and birds cannot 
have access. The roof should be 
sufficiently high ceiling. 

The atmospheric 
temperature and humidity have 
a great effect on the growth of 
the silkworms. The ideal 
temperature and humidity of 
the room are 24 to 27°C and 
70% to 90% relative humidity 
and in this environment the 
silkworms thrive well. 
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Fig. 11. II: Rearing stand. 
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[b] Equipments for silkworm rearing : The equipments which are essential for 
shelf-rearing are as follows. (i) Rearing trays : These are used for rearing silkworms. 
The rearing trays are made of bamboo or wood ; but usually made of bamboo so that 
trays are light and easy to handle. They are either round orrectangular in shape. Adequate 
number of trays are required. (ii) Rearing stand: It is made of wood or bamboo and 
contains ten shelves. The rearing trays are arranged on the shelves. (iii) Cleaning nets : 
The nets which are made of cotton or nylon thread are used for cleaning the rearing 
beds. (iv) Mountage (spinning tray): In our country the mountage is made up of bamboo 
usually of 1.8 m long and 1.2m wide. Bamboo tapes of 5 to 6 cm wide are fixed on the 
mat in a spiral form and gaps between the spirals are 5 to 6 cm. This type of tray is 
essential for the spinning of cocoons by the larvae. These are known as chandraki. 


Fig.11.12 : Chandraki or mountage. 


[c] Rearing process: Before rearing of the silkworms, the rearing room and the 
equipments are cleaned thoroughly. The rearing room and equipments are disinfected 
by sparying 2-4% formalin solution. The programme of rearing can be started either 
from the disease-free eggs or from good seed cocoon. Male and female moths 
immediately after emergence from the cocoons have a tendency to copulate. After 
copulation of three hours, the females are separated ; each female is then placed on a 
piece of egg-card and the female is kept inside a funnel (known as cellule) over the 
egg-card. The female multivoltine moth lays 300-400 eggs and the eggs remain attached 
with the egg-card. 

[i] Brushing : The process of transferring the newly hatched larvae (form the egg- 
cards) to the rearing trays is called ‘brushing’. The tender mulberry leaves cut into 
small pieces (0.5 to 1 cm. squares) are sprinked over the egg-sheet and all the hatched 
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larvae have craweld on to the choped leaves, Ihe leaves along with the hatched larvae 
are transferred to the rearing tray. 

lii] Feeding to larvae : All stages of the larvae from first instar to fifth instar, only 
the mulberry leaves are fed to ensure their proper growth. So the food of the silkworm 
(Bombyx mori) is exclusively of mulberry leaf, ie. monophagous in habit. Generally 
early-age larvae (ist instar to 3rd. instar) eat leaves from the surface but the late-age 
larvae (4th and Sth instar) eat leaves from the edges. 

‘The first three instars are fed with tender leaves and the size of the chopped leaves 
should also gradually be increased from 0,5 io j em. to 6.cm. squares at the end of third 
instar, The fourth and fifth instars larvae are fed with more matured leaves. In normal 
conditions, the late- une larvae (4th and Sth, instars) could be fed with the entire leaf. 
The fourth and fifth instars are the real feeding stages and these two instars consume 
about 90 to 95% of the total feeding of all the stages of larvae, In multivoltine race, 350 
to 400 kg. of leaves are required for rearing 50 
layings (cach lay consists of 400 eggs) of 20,000 
eggs for its different instars ; in case of univoltine 
and bivoltine races total quantity of leaves are 
required about 550 to 600 kg. for rearing of all the 
Stages of layings of 20,000 eggs. Four to five 
feedings are given to the fourth and fifth instars 
larvae, such as at 6 a.m., 11 a.m., 3 p.m. and 9 p.m. 
are the four feeding times and 6 a.m., 10 a.m., 2 
p-m., 6 p.m. and 10 p.m. are the five feeding times. 
Preferably a large feed is given at night. 

liii] Bed cleaning : The process of removing 
the faecal matter of larvae, unused mulberry leaves, 
dead or unhealthy larvae etc. from the rearing tray 
is called bed cleaning, In case of first instar, the 
bed is cleaned normally once in a day, the bed is 
cleaned twice during the second instar Stage and 
thrice during the third instar larval stage. In case of 
4th and Sth instars, the bed is cleaned once a day in 
the morning. 

For bed cleaning purpose, generally nets are 
used. The net is uniformly spread over. the rearing 
bed just prior to feeding and chopped leaves are 
places on the net, The larvae crawl through the net 
and enter to feed on the fresh leaves on the net. Now 
the net along with the larvae are transferred to a 
new rearing tray and later the old tray is cleaned. 

liv] Mounting of matured larvae : After 6 or 
7 days of the fifth instar, the larvae will cease feeding 
and become mature. The fully matured larvae 
become translucent and yellowish in appearance. 
These mature larvae are ready to be mounted on to 
mountages or spinning tray. The matured larvae 


Fig. 11.13 : 1-6-different stages of 
"cocoon formation. 
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should be picked in time and are placed in the mountuge for spinning cocoons. Hence 
the process that is involved in picking the mature larvae and putting them on to 
the mountages for the spinning of cocoons is called mounting of larvae, In 
multivoltine, the spinning for the formation of the cocoon completes by two to three 
days but in case of univoltine and bivoltine, the process is completed by three to four 
days. In case of over corowding, some times leads to the formation of double cocoons 
(dupion). 

[v] Harvesting of cocoons : After completion of spinning of cocoon, the larva 
transforms into a pupa. Then the pupal skin hardens and turns a dark brown. In this 
stage the cocoon can be harvested, The time of harvesting is on the fifth day of spinning 
in casé of multivoltine race and seventh or eight day in case of univoltine and bivoltine 
races. Cocoons are normally harvested by hand. 


11.9. Rawsilk Production 


The reeling and rawsilk production is the second stage of the silk industry, Before 
emergence of the moth, the cocoons are boiled in a basin. After boiling, the gum of the 
cocoons becomes softened and the filaments are loosened. As the single filament of a 
cocoon is so thin that the filaments of 5/10/15 cocoons as desired ure passed together to 
form a signle thread and is reeled by a wheel. This kind of fibre is called as reeled silk. 
Now the reeling is done in a power driven machine. 

Japanese cocoon has an average weight of 1.75 gm. and the length of the filament is 
about 1150 metres ; but the cocoon of West Bengal and Mysore has an average weight 
of 1.25 gm and the length of the filament of a cocoon is about 250 metres. 

The quality of cocoons is determined by Randita and the rendita is the weight of 
green cocoons that required to produce one kilogram of raw silk. As for example, 
in India T6 kilograms of green cocoons are required to produce one kilogram of raw 
silk, then the rendita is 16. In Japan 5 kilograms of green cocoons are required to 
produce one kilogram of raw silk, ie, randita is S. Thus the Japan has made a great 
improvement in the production of raw silk. The word Denier is used in relation to the 
size or thickness of the silk fibre. It the denier is more, then the silk fibre will be more 
in thickness and the denier is less means the fibre is very fine. 

During reeling some fibres are rejected and these rejected fibres are known as 
chasam: This chasam is manipulated by fingers ; thus the fibres are obtained known as 
spun silk. Some good cocoons are selected for the continuence of the next generation 
and these cocoons are regarded as seed cocoon. After emergence of the adult moth 
from the seed cocoons, the continuous filament of the cocoon cut into many fragments 
and these cocoons are known as latkoa and the fibres that are obtained from latkoa are 
called Matka. 


11.10, Rearing of Non-Mulberry Silkworm 

In addition to the mulberry silkworm, there are other three kinds of commercially 
important silkmoths and host plants of these silkmoths are other than mulberry plant. 
Hence these silkmoths are commonly known as non-mulberry silkmoths. These are 
tasar silkmoth, eri silkmoth and muga silkmoth, and the silk is popularly known as 
tasar, eri and muga respectively. 
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11.10.1. TASAR SILKMOTH 
Systematic position of Tasar Silkmoth 


Phylum : Arthropoda 
Sub-phylum : Mandibulata 
Class : Insecta 
Sub-class : Pterygota 
Order: Lepidoptera 
Family : Saturnidae 
Genus : Antheraea 
Species: mylitta, paphia, sivalika, roylei, pernyi, yamamai. 


Antheraea mylitta, A. panha A sivalika, A. roylei ; all these 4 species are available 
in India. 

There are three commercially important species of the genus Antheraea that produce 
tasar silk. These silkmoths are (i) Antheraea pernyi (Chinese tasar silkmoth), 
Gi) Antheraea mylitta (Indian tasar silkmoth) and (iii) Antheraea yamamai (Japanese 
tasar silkmoth), The tasar silkmoths are polyphagous in habit and feed on various food 
plants. Chinese and Japanese tasar silkworms feed on mainly the leaves of oak trees, 
but the host plants of Indian tasar silkworm are mainly the leaves of Shal (Shorea 
robusta), Arjun (Terminalia arjuna), Horitoki (Terminalia tomentosa) etc. Tasar 
silkmoths are wild in nature i.e., they are not reared in home rather they are developed 
in nature. 

Chinese tasar silkmoth is normally bivoltine and two crops of cocoons are obtained 
in a year. They feed on the leaves of oak plant etc. China is the chief tasar silk 
producing country in the world and produces 90% of the global output. 

Indian Tasar silkmoth is next to China. India occupies the second position in the 
production of tasar silk. In India, out of many species Antherea mylitta is by far the 
most important tasar silk producer. It is reared in the host plants that are available in the 
open forest areas in central and north eastern areas of India. Indian tasar industry is 
mainly concentrated in Bihar, Madhya Paradesh and Orissa. Though Birbhum, 
Bankura, Purulia and Midnapore districts of West Bengal are also producing tasar 
silk in a small scale. Quality seed cocoons are procured by the rearers from the shal 
trees of the forest areas, mainly from Singbhum and Mayurbhanj. Bivoltine and 
multivoltine races are reared in the eastern India. 

© Life-cycle of Tasar silkmoth : The life-cycle consists of four stages as in mulberry 
silkmoth, such as egg, larva, pupa and adult moth. The life-cycle is generally completed 
by 8 to 10 weaks. The male and female moths mate at night. In the following afternoon, 
the pairs are separated. The female moth lays about 150-250 eggs in two days. 

[1] Eggs : They are whitish brown dorso-ventrally flattened and oval in shape. In 
the summer, the eggs hatch on 9-10 days after laying of eggs and in the winter, they 
take about 15-20 days to hatch. Hatching takes place in the early mornings. 

[2] Larvae : The newly hatched larvae are brownish yellow in colour with 
prominent head and body covered with hair. The larvae crawl on to the leaves of host 
plant and start eating the soft leaves. The larval period is characterised by four moults 
with five instars. The larval period of tasar silkworm continues for 30-35 days and in 
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Winter 50-60 days. The length of each matured larva is about 12.5 to 15 em. and weight 
is about 50-60 gm. At the final instar, the larvae are green in colour. 

[3] Pupal stage and Cocoon: At first, the Sth instar matured larva spins a supporting 
loop of silk on 2-3 leaves of the host plant inside of which the cocoon is constructed. 
The larva takes about 3 days to complete its spinning. Now the larvae transform into 
pupal stage which remains for 15-18 days inside the cocoon. But the cocoons of the 
bivoltine variety harvested in November/December during winter season go into 
diapause at the pupal stage and the moths emerge in May/June of the following year. 
In case of mulberry silkmoth the eggs go into diapause stage. Pupal stage in summer 
cocoons do not undergo diapuse and the moths emerge in 15-20 days. The cocoons are 
of different colouration but generally they are brownish. Cocoons may be greenish or 
greyish or redish coloured. The size of a big cocoon is just like an egg of hen and 
average weight of a cocoon varies from 6.7 gm to 15.3 gm. 

[4] Adult moth : In case of male moth, hetereogenity in the colour exists. Usually 
the adult males vary in colour from brick-red to dark-grey. While the females may be 
yellow-grey or various shades of brown. Male moth remains alive for 4-5 days and 
female moth 7-8 days. During this period they do not take any food. 


Table 6: Showing the differences between Male and Female Tasar Silkmoth : 


Female Moth 


1. Each antenna is slender. 

. They are less active and less motile. 
3. Wings are comparatively less broad. 3. Wings are comparatively broad. 

4. Abdomen is slender. 4. Abdomen is broader than male. 

5. They are approximately 15 cm. in] S. They are approximately 18 cm. in 
length. length. 


1. Each antenna is broad and curved. 
2. They are active and motile. 


N 


Voltinism—Univoltine, bivoltine and multivoltine. 
Diapause—Not in the egg stage but in the pupal stage. 

Host Plants Arjun (Terminalia arjuna. „, Shal (Shorea robusta) etc. 

Mating time—Male and female mate at night. 

No. of eggs—150-250 eggs are layed by female moth. 

Colour and shape—Eggs are whitish brown, and dorso-ventrally flattened, oval 
shape. 

Larval period—30-35 days ; in winter 50-60 days. 

Instars and moulting—5 instars and 4 moulting in larval stage. 

Length and weight of a matured larva—Length 12.5 to 15 cm; weight 50-60 gm. 
Cocoon—Female cocoons are bigger and weighty ; male cocoons are smaller and 
light in weight. Various Colouration of cocoons are observed but generally cocoons 
are brownish in colour. From each cocoon 500-1000 metres of silk fibre are obtained. 
Adult moth—Male and female moths are present. Male is beautiful with brick red 
to dark-grey in colouration and generally female is yellow-grey in colouration. 
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© Rearing of Indian Tasar silkworm : In India, there are number species of 
Antheraea of which Antheraea mylitta is by far the mostimportant commercial producer 
of tasar silk. It is wild in nature and reared exclusively in the open in forest areas on 
host plants. The only attention is given on silkworms at the time of preparation of eggs 
and transference of larvae to host plants as well as harvest of cocoons. Human care is 
also necessary to guard against the predators and pests. 

It is chiefly the bivoltine variety of the tasar silk moth that is used for commercial 
purposes. 

Collection of seed cocoons : Cocoons of the summer crop (June-July) are 
qualitatively poor with a lower silk content, but the silk moths lay rich layings ; therefore, 
the summer crop is treated as the ‘seed crop’. These cocoons do not undergo diapause 
stage. Cocoons is winter (November/December) which is a second crop go into diapause 
at the pupal stage. These cocoons are superior from the point of view of silk content 
which is really the commercial crop. The tasar rearers (tribal people) collect the seed 
cocoons from the forests particularly from ‘Sal’ trees which are considered to be the 
best cocoons. 

Mating process : Emergence of moths from seed cocoons usually takes place in 
the evening. The female moths are tied to a bamboo pole outside the house by the 
rearer. In the night, the male moths from neighbouring area come and met with the 
female moths which are tied to the bamboo poles. 

Laying of eggs : After copulation for about 8 hours, the females are separated from 
the males and males are allowed to fly away. Each fertilised female moth is kept confined 
to asmall bamboo basket for approximately 48 hours to lay eggs. A moth lays 150-250 
eggs in two days. 

Transference of larvae : The larvae hatch in about 10 days after the eggs are laid. 
The eggs and hatching larvae are kept in cups which are made of leaves and then the 
leaf-cups are tied to the host trees. The hatched larvae in search of food crawl out onto 
the leaves of the host plant. They start eating tender leaves. Larvae pass through four 
moults and five instars before they become ripe for spinning. In the last stages they eat 
large quantities of leaves of host plant. 

Harvesting of cocoons : Matured larva spins a kind of a hammock by webbing 
together a two / three leaves of the host plant. Later it construct a ring made of silk to 
attach the cocoon to the tree twig and finally it forms a peduncle which attaches the 
cocoon to the ring. So in tasar silkworm there is pedunculated cocoon which hangs in 
the twigs. The cocoons are then harvested from the trees by the rearers in the morning 
(7 A.M. to 10 A.M.) and afternoon (3P.M. to 5 P.M.). The cocoons of the bivoltine 
variety harvested twice in the forests by the tribal peoples during the winter and summer. 
Average yield of cocoons per laying is hardly 50 cocoons. This cocoon is made up of a 
continuous silk fibre. Hence it is reeled in a modern reeling machine. 

Hazards of Tasar Rearing : The success of Tasar silkworm rearing mainly depends 
on weather condition. Drought, heavy rain and sudden gusts of winds are disastrous to 
the tasar brood. Tasar silkworm has a large number of enemies, such as wasp, spiders, 
praying mantis, ants, lizards and birds (crow, sparrow etc.), Tasar silkworm larvae also 
susceptible to a number of diseases, such as pebrine, flacherie, grasserie and muscardine 
like that of mulberry silkworm. 
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11.10.2. ERI SILKMOTH 
Systematic position of Eri Silkmoth 


Phylum : Arthropoda 
Sub-phylum : Mandibulata 
Class : Insecta 
Sub-class : Pterygota 
Order: Lepidoptera 
Family :  Saturnidae 


Scientific name Philosamia ricini 

Eri silk is produced from the cocoon of Philosamia ricini. In India, Assam is the 
home of the eri silk industry since many centuries back. Hence the eri silk is mainly 
produced in Assam and for this reason this silk is known as ‘Assam silk’, Though they 
are polyphagous in nature yet they feed mainly the leaves of Castor plant (Ricinus 
communis) from which their name has been derived. The local people of Assam call 
this as Endi silk. 

Recently the eri culture is also practising in Jalpaiguri and Coochbehar districts 
of West Bengal. 

© Life-cycle of Eri Silkmoth : The Eri silkmoth is multivoltine and completes 
four to six life cycles in a year. In summer, the life-cycle is completed by 40-44 days ; 
but in winter it completes by 80-85 days. The life-cycle of Eri silkmoth also consists of 
4 stages like other silk moths, such as egg, larva, pupa and adult. Mating takes place 
soon after emergence of males and females in the morning and it is completed by the 
envening. Three to four hours of mating is sufficient for proper fertilization. 

[1] Eggs: A fertilized female moth lays between 300-500 eggs in the night. Eggs 
are white and oval in shape. Eggs are covered with a gumy substance which makes 
them adhere to one another. The colour of the egg changes to blue on the day prior to 
hatching. Generally the eggs take about 10 days to hatch. Hatching normally takes 
place in the morning. 

[2] Larval period: The newly hatched larvae are yellow with black segments and 
with short bristles all over the body. The growing larvae undergo moult four times and 
have five instars. The larval period continues for 30-35 days. During this period they 
feed mainly the castor leaves. The full grown mature larvae are creamy, green or blue. 

[3] Cocoon and pupa : The full-grown larvae search a proper place to spin the 
cocoons. They complete spinning in two to three days. The cocoons are open mouthed. 
The larva changes into pupa inside the cocoon. Pupa does not take any food. Pupal 
period continues about 15—37 days. After this period, the moth emerges. 

[4] Adult moth : After emergence, the male and female moths start fluttering their 
wings ; the males then fly about for some time. The moths are black with characteristic 
brownish lines. They do not take any food during this period. Male and female moths 
form pairing for copulation ; after that the female moths start laying of eggs. 

© Rearing of Eri Silkworm : The eri worms are domesticated and reared indoors. 
The eri worm rearing has been practiced in the plains as well as in hills of Assam valley 
only, in varying temperature 12°C—37°C with a humidity of 80% to 90%. The rural 
folk of the plains and the tribal people of Assam are involved in eri culture. The moist 
climate of Assam is very suitable for the proper development for eri worm. 
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Rearing process : Rearers collect the seed cocoons either from other seed areas or 
their own preserve seeds. The seed cocoons are selected and kept on trays on stands in 
the grainage room. Rearing can start also from the egg stage which is some times 
supplied by the Govt, seed centre. After emergence from the cocoon, the male moths 
pair with the females in the evening. Mating continues for 4/5 hours. After that the 
males are separated and the females are then tied by a piece of thread either on the 
Kharika' or basket. The female lays eggs either on the khorika or basket. The eggs 
are later kept in a 2% formalin solution and later washed by water, so that there will be 
no formalin in the egg. After that, the treated eggs are dried. When the larvae hatch out 
from the eggs, a few tender castor leaves are put over them. Larvae crawl up the leaves 
gradually. When the larvae are reared on bamboo trays, proper spacing should be given 
for the larvae. The larvae at the advance stages are fed with leaves suspended vertically 
in a bundle. New bundles of leaves are hung up next to the old ones as soon as the old 
bundles are eaten up and the larvae crawl on to the new ones. Five feedings are given 
during the second and third instar stages in a regular intervals, three feedings in the 4th 
instar stage and four feedings in the Sth instar stage. 

When the larvae are matured, they stop feeding and start searching for a proper 
place to spin the cocoons. They crawlito the edge of the rearing trays or up to the stalks 
of the leaf bundles. Then they are picked and transferred either to the spinning trays 
(mountages) or to ‘jalis’ for spinning cocoons. The ‘jali’ consists of mango leaves 
spread in baskets. The mature larvae complete spinning in two or three days. The larvae 
spin open mouthed cocoons either white or brick red in colour. The eri cocoons are 
elongated, measuring 4-5 cm. in length and 2-3 cm. in width. After the cocoons are 
removed from the jalis or spinning trays, the rearers preserve some of the cocoons as 
seeds. The cocoons are not reelable as the silk filament is not continuous. So they are 
utilised for spinning by ‘rakli’ or ‘charka’. 

Diseases and enemies : The eri worms are more liable to be attacked with some 
diseases. Flacherie and grasserie diseases are more harmful than pebrine. Proper 
measures should be taken to prevent such diseases. The fly (Tricholyga bombycis) is 
one of the pests which attacks eri worms. The rearing room must be protected with 
wire mesh so that the fly cannot enter into the rearing room. 


11.10.3. MUGA SILKMOTH 
Systematic position of Muga Silkmoth 


Phylum : Arthropoda 
Sub-phylum : Mandibulata 
Class: Insecta 
Sub-class : Pterygota 
Order: Lepidoptera 
Family :  Saturnidae 
Genus  Antheraea 
Scientific name Antheraea assama 


© Life-cycle of Muga Silkmoth + In the life cycle of muga silkmoth there are 4 
stages as in other silkmoth, such as egg, larva, pupa and adult. The minimum time to 
complete the life cycle is 54 days and maximum may be 115 days depending on the 
season. 

[1] Eggs : The average number of eggs laid by a fertilized female moth is about 
200. The eggs are big, round and brown in colour. During summer, the larvae hatch out 
in the morning in about 8 days. 
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[2] Larva : The young larvae are yellowish with black body markings. They start 
feeding the leaves of several kinds of host plants but mainly on Som (Machilus 
bombycine) and Soalu (Litsaea polyantha). The larvae feed voraciously, pass through 
four moults and reach the mature stage. The larval period lasts for 30-35 days. In the 
final stage (5th instar), the larva is greenish blue. After that they stop feeding and start 
for the spinning of cocoons. 

[3] Pupal stage : After 2-3 days of spinning, the larva transforms into pupal stage 
inside the cocoon. The pupal stage is a non-feeding stage and continues for 14—21 
days depending on climatic condition. 

[4] Adult moth : By cutting the cocoon the moth emerges in the evening. The 
male muga silkmoth is deep brown and the female moth is light brown in colour. Wings 
are provided with round windows in both male and female moths. Adult does not take 
any food and they remain alive for 6-10 days. 

© Rearing of Muga Silkworm : The muga silkmoth is multivoltine and non- 
hibernating. Silkworm passes through four moults and five instars. Generally 4-5 crops 
are raised in a year. The golden-yellow fibre which is produced by the muga silkworm 
(Antheraea assama) is known as muga silk. It is reared only in Assam and no where 
else. It is widely reared in the Brahmaputra valley of Assam. This worm is a semi- 
domesticated ; because only the larval period spent in the host plant but the rest of the 
life cycle, such as formation of cocoon, adult and egg laying are reared by the rural 
people inside their rooms. This muga silkmoth is polyphagous in nature yet it feeds 
mainy the leaves of Som (Machilus bombycine) and Soalu (Litsaea polyantha) plants. 

Seed Cocoon : In Assam, Kamrup and Goalpara are the two districts from where 
the seed cocoons are distributed throughout the Brahmaputra valley. These two areas 
are the main home of seed cocoons since many centuries because here the climate is 
neither too hot in summer nor too cold in winter. The rearers from other places collect 
their seed cocoons mainly from those two places. State Government basic muga seed 
firms of Assam also produce disease free seeds and supply to the rearers, Generally, 
the rearers do not rear more than two generations from the same seeds, due to 
deterioration of the breed. They collect again from the home of seed cocoons. 

Emergence of adult and Collection of eggs : The seed cocoons kept by the rearers 
in a bamboo basket and the basket hung up out of the reach of rats, ants and lizards. 
Moths usually emerge in the evening and pair in the tray itself. Mating is allowed 
during the night. The paired moths are taken out and the male moth is separated from 
the pairing in the next morning. Then the female moth is tied with a piece of cotton 
thread to a ‘kharika’ which is a roll of straw with a hook. The fertilized females lay 
eggs on ‘Kharika’. Eggs laid on the first three days are taken for rearing and the female 
moths are removed from the Kharikas on the morning of 4th day. 

Transfer of hatched larvae : Kharikas are examined daily by the rearers. As soon 
as hatching has begun, the rearers take the kharikas with the hatched larvae and hang 
them on the young host plant with sufficient tender leaves. The hatched larvae soon 
crawl up to the leaves on which they begin feeding. Then the Kharikas are removed 
from the trees. 

Rearing of Larvae : Upto the 3rd moult, the larvae feed on the tender leaves of 
host plant. They eat all day and night in summer and in winter. When the leaves are 
exhausted, the larvae of 4th instar stage climb down the tree trunks and are collected by 


752 A TEXT BOOK OF BIOLOGY 


the rearers on triangular bamboo sieves with long handles which are then hung on new 
trees of the same kind. A band of straw with a little sand or ash is tied round the tree 
trunk 1-1.2 m. from the ground to prevent the larvae climbing down onto the ground. 
The larvae of the Sth instar stage consume the highest percentage of leaves and there is 
rapid growth in this stage. The mature larvae become bright translucent in colour and 
begin to discend down the host plant in search of a place where to spin cocoons. The 
mature larvae commence to descend the trunk of the host plant during the evenings and 
at night. They are then collected by the rearers and placed on a tray and carried home. 
They are then put in baskets containing dried mango twigs and leaves which act as 
cocoonages for the spinining of cocoons. Spinning generally takes two to three days. 
The muga cocoons are golden or light brown in colour and the length is 4-6 cm. and 2- 
3 cm. broad. Average rate of production of cocoons is 35% of the total number of 
larvae infested on the tree for rearing. 

Reeling of Cocoons : The muga cocoons are boiled in an alkaline solution for 
about one hour and then the filaments are loosened. After that the reeling of silk fibre 
is done by means of various types of apparatus. The golden colour of silk fibre is a 
permanent one and so there is a great demand in embroidery work as well as in artistic 
weaving. 

Enemies and diseases : The larvae remain on the host plants in open air and they 
are preyed upon by many enemies, such as crow, owls, house sparrow, bat, ants, wasp 
etc. Larvae are also liable to be attacked by the parasitic fly (Tricholyga bombycis). So 
constant vigilance is necessary. Adverse climatic conditions can inflict heavy losses on 

the rearer. Pebrine, flacherie and grasserie are also prevalent among muga larvae. 
Flacherie takes heavy toll on account of fluctuations in climatic conditions during the 
rearing period. 


Voltinism—Eri and Muga silkworms are multivoltine. Eri worms are domesticated 

and Muga worms are semi-domesticated. 

Laying of eggs—Eri moth lays 300-500 eggs and Muga moth lays about 200. 

Mating time—Mating takes place in the evening in Eri and Muga silkmoths. 

Host plants—Larva is the feeding stage. Eri and Muga larvae are polyphagous. 

But the larvae of Eri prefer the leaves of castor plant (Ricinus communis) and the 
larvae of Muga prefer the leaves of Som (Machilus bombycine) and Soalu (Litsaea 
polyantha). 

Rearing place—Eri and Muga silkworms are reared by the rural peoples of Assam 
from many centuries back. Now eri-culture also exists in the northern part of 
W. Bengal. 

Cocoon—In eri silkworm, the cocoon is open mouthed. Cocoons are either white 
or brick-red. The muga cocoon is formed by continuous silk fibre, so the cocoon is 
not open mouthed. The muga cocoons are golden or light brown in colour. The 
filaments of the cocoon of eri-worm are not reelable. The filaments are utilised for 
spinning by ‘Charka’ or ‘takli’ In muga cocoon, the reeling of the silk fibre is done 
by means of various types of apparatus. 
Scientific name of Silkmoths—Philosamia ricini (Eri Silkmoth) and Antheraea 
assama (Muga Silkmoth) 
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11.11. Commercial Importance of Silk 


The silk products are used as silk garments as well as in different industries. These 
uses are mentioned below. 

[1] A large portion of the silk which is produced in India is utilised in the making 
of female costume, ‘saree’. Indian saree is woven in different regional patterns. Silk is 
used in the preparation of ‘Dhoti’, Bush shirts etc. The silk is also used in handkerchiefs, 
scarves, stoles, mufflers, shawls, ties etc. In recent times the silk fibres are mixed up 
with the synthetic fibres and prepare the cloth like terysilk. 

[2] Silk fibres are esseential in the prepartion of tyres particularly for racing and 
costly cars. 

[3] Silk fibres are essential in the preparation of Sieves for flour mills. 

[4] Silk fibres are also used in some components of the parachute ; though recently 
it is replaced by synthetic fibres. 

[5] Silk is used as insulating coils in telephone wire and wireless receivers. 

[6] The silk fibres are used in the preparation of typewriter ribbons. 


11.12. Diseases and Enemies of Silkworm 

The mulberry silkworm is susceptible to various diseases and is attacked by parasites 
and pests. Various types of diseases of silkworm larvae are caused by virus, bacteria, 
fungus and protozoa. These diseases of larvae caus great trouble and loss to the 
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Fig. 11.14 : Silkworm larvae affected with different diseases. 


silkworm rearers. So each and every diseases of the silkworm are to be treated seriously, 
otherwise can create epidemic. There are four major diseases that are caused by parasites 
and these diseases are 

(i) Pebrine, (ii) Flacherie, (iii) Grasserie and (iv) Muscardine. 


11.12.1. PEBRINE 

It is a dangerous disease to the silkworms and the causative organism is the Nosema 
bombycis belonging to the phylum protozoa. This disease is first diagnised by the 
great French Bacteriologist Louis Pasteur during the year 1865-70. The disease is 
transmitted through the egg of the mother silkworm and also through ingestion of 
contaminated food. 

[1] Symptoms : 

(i) Infected eggs are lacking adhesive gum and so they are easily detached from the 
card board. 

(ii) The larvae become sluggish and dull. 
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(iii) They have poor appetite and stop feeding. 

(iv) The larvae in a rearing tray are of various sizes due to unequal growth. 

(v) Infected larvae are lacking lusture. 

(vi) In the advanced stage of the disease, there are irregular black spots as pepper 
grains on the body of the larvae. So the disease is named as pebrine by De Quatrefages 
in 1860. 

[2] Prevention and Control : 

(i) After laying of eggs the female moth is crushed and the fluid of the moth is 
examined under the microscope ; if the spores of the Nosema bombysis are ovserved in 
the fluid then all the eggs are to be destroyed. 

(ii) Disease free eggs are dipped in a 2% formalin solution for few minutes and 
then washed in running water for rearing. 

(iii) Disinfection of rearing room, frequent inspection of larvae in the rearing tray 
and destruction of diseased larvae are the general preventive measures. 


11.12.2. FLACHERIE 


This disease generally occurs in the mature larvae and caused mainly by 
Streptococcus, Staphylococcus like bacteria, In West Bengal, this disease is known as 
Kalshira'. 

[1] Symptoms: 

(i) There is loss of appetite in the larvae. 

(ii) The larvae become sluggish and grow slowly. 

(iii) The skin of larvae becomes inelastic and softening of body take place. 

(iv) In the advance stage of the disease, the larvae vomit liquid material and evacuate 
loose bowel like diarrhoea. 

(v) The larvae become motionless, discoloured and flaccid ; ultimately the body 
becomes black and then death occurs. 

[2] Prevention and Control : 

(i) The diseased silkworms should be isolated from the rearing tray and then 
destroyed. 

(ii) Preventive measures are : Maintain normal temperature, humidity and 
ventilation of the rearing room, supply healthy and good leaf as food, avoid overfeeding, 
avoid over crowding in the rearing room etc. 


11.12.3. GRASSERIE 


This disease is caused by a virus. In West Bengal, this disease is known as ‘Rasa 
rog’. 
[1] Symptoms : 

(i) Infected larvae lose its appetite and become yellow. 

(ii) The body becomes swollen and shiny. 

(iii) The blood of the larvae becomes turbid like pus ; when the skin is broken, a 
milky pus flows out. This is known as jaundice of the silkworm. 

[2] Prevention and Control : 

(i) The diseased larvae are isolated from the rearing tray and subsequently the larvae 
are destroyed. 
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Gi) Suitable leaves, proper ventilation and spacing are to be maintained during 
rearing of silkworm. 


11.12.4. MUSCARDINE 


This disease is caused by a fungus known as Beuveria bassiana. In West Bengal, 
the disease is known as ‘Chuna-kati’. 

[1] Symptoms: 

(i) The diseased larva loses appetite and becomes sluggish. 

(ii) The body of the larvae becomes stiff. 

(iii) The body is covered with powdery white material. 

(iv) The larva ultimately becomes dead and appears like a chalky white stick. 


[2] Prevention and Control : 
(i) The infected larvae are removed and destroyed. 
(ii) Good ventilation and normal humidity are to be maintained in the rearing room, 


11.12.5. ENEMIES OF SILKWORM 


Rats, ants, house lizards etc., are the enemies of silkworm ; whenever they got 
opportunity, they utilize the silkworm as their food material. But these enemies are of 
minor importance in comparison to pests. The most dangerous enemy of silkworm is 
the parasitic fly which is commonly known as ‘Ugi’ or ‘Uzi’ fly (Tricholyga 
bombycis). If this fly enters inside the rearing room, the female fly lays eggs on the 
silkworm larva and after hatching the young maggots of the fly feed on the silkworm 
larvae, Thus the parasite kills its host and causing heavy damage. 

Prevention : Fine wire-net is to be fitted in the windows and door of the rearing 
room, so that the fly cannot enter inside the room. This is only preventive measure 
against the fly. 


Fig.11.15 : Different stages of life cycle of Uzi fly (A—Adult, B- egg, C-larva, D-pupa). 


756 A TEXT BOOK OF BIOLOGY 


Table 6 : Showing the diseases and pest of silkworm : 


Name of | Causative | Symptoms of disease Prevention and Control 
disease organism 


Nosema Loss of adhesive gum on] Eggs are destroyed if the fluid 
bombycis infected eggs, loss off of mother moth shows 
(Protozoa) | appetite of larvae, irregular] Nosema infection, 
growth of larvae on rearing} Disinfection of rear-ing room 
tray, black irregular spots} by 2% formalin sol. and 
on the body. infected larvae are to be 
destroyed. 


Flacherie | Bacteria 
(Streptococcus 


Straphylococcus) 


Loss of appetite, softening 
of body, Vomit liquid and 
eleminate liquid stool like 
diarrhoea, the body 
becomes black & dead. 


Yellow discolouration of 
body, swollen body and pus 
in the body ; jaundice of 
larvae. 


Rearing of healthy larvae, 
maintaining normal tempera- 
ture and humidity of rearing 
room. 


Grasserie Infected larvae are to be 


destroyed, proper ventilation 
of rearing room and supply 
good leaves as food to larvae. 


ing Beuvaria 
bassiana 


Destruction of infected larvae, 
maintenance of proper venti- 


Loss of appetite, the body 
becomes stiff, covered with 


(Fungus) powdery white hyphae. lation of rearing room. 
Tricholyga | Fly lays eggs on silkworm| Protect the fly by using fine 
bombycis | larvae and maggot of fly] wire net on windows and door 


(Uzi fly) feed on larvae. of the rearing room. 


11.13. Improvement of Silk Production 


[1] Cultivation of improve variety of mulberry plant : Proper growth of silk 
gland as well as the growth of the body are fully depend on the supply of good quality 
of mulberry leaves. So the expansion of cultivation of improved variety of mulberry 
plant as well as care of the plants on scientific basis are to be taken, 

[2] Rearing of bivoltine race : Primarily, the multivoltine races are reared in most 
of the states of the silk producting centres in India. In multivoltine race, though many 
crops are produced in a year yet the fibre is very thin as well as the amount of silk 
production is also less. Naturally on economic point of view it is not profitable. Hence 
encouragement is to be given to the rearers in the cultivation of bivoltine race ; as the 
silk of this bivoltine race is of high quality and also there is demand in the market. 

[3] Cultivation on scientific basis : Good, diseased free, seed cocoons are to be 
supplied from the Govt. Nurseries with subsidised rate to the poor rearers. Training 
should be given to the rearers in relation to the problems that are developed during the 
cultivation of silkworm. 

[4] Establishment of Research Centres : There are certain Research centres in 
India for the development of silk industry. These are—Central Sericultural Research 
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Station, Berhampore (West Bengal), Central Sericultural Research and Training 
Institute, Mysore (Karnataka), Central Tasar Research centre, Ranchi (Jharkhand) 
and Eri Research centre at Assam. Serious type of research work are going on for the 
development of disease resistant variety as well as to evolve high quality of hybrid 
variety of silkworms. The scientists have developed the new technology of silkworm 
rearing and this new technology is also appreciated and practised by the sericulturists 
in India. 


11.14. Matters To Recollect 


= 


1 


Sericulture : It deals with the mulberry cultivation, rearing of silkworms, 
production of cocoons, extraction and reeling of silk fibres. 

Distribution of Sericulture : Now the main silk producing countries of the world 
are Japan, China, Korea and India. The sericulture was first established more 
than four thousands of years back in China. So the mulberry silkworm is 
conmmonly known as Chinese silkworm. Sericulture fluorished in India mainly 
in the states of Karnataka, W. Bengal, Kashmir etc. In W. Bengal—Murshidabad, 
Malda, Birbhum, Bankura and Darjeeling districts are now producing the good 
quality of silk. 

Silk road : Many many centuries back, silk from China and India was carried to 
Europe through Tashkent, Bagdad, Damascus and Istambul covering a length of 
6,000 miles. This famous road was known as ‘Silk road’. 

Silk fibre : Silk glands of a matured larva of silkmoth secrete a fluid substance 
which becomes hardened to outside to form a silk fibre. The fibre is composed of 
fibroin and sericin like proteins. The fibre becomes yellow or greenish or other 
colour due to the presence of pigments. 

Silk and Silkworms : Four kinds of silks are produced from 4 different kinds of 
silkworm such as mulberry silk (resham), eri or endi silk, tasar silk and muga silk 
are commercially important. Mulberry silk is most important as it produces about 
95% of world production of all the silk fibres. 

The scientific name of mulberry silkworm is Bombyx mori. It is completely 
domesticated and cultivated more than 4000 years back. Mulberry larvae feed 
mainly the leaves of mulberry plant. The scientific name of eri silkworm is 
Philosamia ricini. It is domesticated species. The larvae of this intect feed mainly 
the leaves of castor plant. The scientific name of Indian tasar silkworm is Antheraea 
mylitta, The tasar silkworm is wild in nature and feed on the leaves of Sal, Arjun 
etc., plants. The scientific name of muga silkworm is Antheraea assama. This 
type of silkworm is only distributed in the valley of Assam. The larvae feed on the 
leaves of champa, som etc., plants. 

Voltinism in mulberry silkworm : Depending on the number of life cycles in a 
year, the mulberry silkworms are divided into three kinds, such as univoltine, 
bivoltine and multivoltine. Univoltine silkworm lays only hibernating eggs. 
Bivoltine silkworm lays hibernating as well as non-hibernating eggs. Multivoltine 
silkworm lays only non-hibernating eggs. The eggs of the second generation of 
univoltine are facing winter coldness, as a result development stops after a certain 
period of growth. This phenomenon is known as diapause stage. 
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ra Life cycle of mulberry silkworm : Life cycle consists of 4 stages, such as egg, 
larva, pupa and adult, 300-400 eggs are laid by multivoltine ; 500-550 eggs are 
laid by bivoltine and univoltine, Larva comes out from egg after 9-12 days. The 
newly hatched larva (Ist instar) is about 2.5 mm in length. Larval period continues 
for 22-27 days. During this period the larva moults 4 times and five distinct instars 
are developed. The Sth instar larva is fully matured and attains a length of 7.5 cm. 
During this period the abdominal cavity is mostly occupied by a pair of silk glands, 
The 4th and Sth instar larvae developed distinct sexual markings by which male 
and female larvae can be differentiated. Matured larva is completely covered by a 
continuous silken thread. This covering is known as cocoon and the larva inside 
the cocoon is transformed into pupa. Pupal stage does not take any food. After 
10-15 days, the pupa is metamorphosed into an adult stage. The adult stage does 
not take any food and due to long continued domestication the adult cannot fly 
though they have two pairs of wings. The adult remains alive for a week. The 
mulberry silkworm completes its cycle by 6-8 weeks. 


© Practices of Sericulture : Practices of sericulture mainly depend on the proper 
cultivation of mulberry plant and scientific rearing of silkworms upto the formation 
of cocoon, 
The mulberry plants are cultivated mainly by cutting system in West Bengal. 
Manure helps the plants for proper growth and prunning helps the plant for 
development of new branches with new leaves. Leaves can be plucked form the 
4-5 months old bush mulberry. 
The programme of the silkworm rearing depends on the availability of the mulberry 
leaf as well as facilities for rearing of silkworms, such as suitable well ventilated 
room and equipments, The equipments are rearing trays with rearing stand, cleaning 
nets, spinning tray etc. 
The first three instars are fed with tender leaves: 4th and Sth instars larvae are fed 
with more mature leaves. Four to five feedings are given to them. The bed is 
cleaned normally once a day in the morning. For bed cleaning purpose nets are 
used. The matured larvae are to be mounted on to the spinning tray. In the spinning 
tray, larvae complete the formation of cocoon by two to three days. Average weight 
of a cocoon is 1.25 gm. and the length of the fibre in a cocoon is about 250 
metres. 


© Diseases and enemies: Various types of diseases of silkworm larvae are caused 
by virus, bacteria, fungus and protozoa. The four major diseases are caused by 
above mentioned microorganisms and these diseases are Pebrine, Flacherie, 
Grasserie and Muscardine. These diseases of larvae are causing great loss to the 
silkworm rearers. The most dangerous enemy of the silkworm is the parasitic fly 
which is known as Uzi fly. 


Non - mulberry Silkworm : In addition to the mulberry silkworm, there are other 


three kinds of commercially important silkworms. These are tasar silkworm, eri 
silkworm and muga silkworm. Their host plants are other than mulberry plant. 
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11.15. Summary 


There are four kinds of silkworms which are cultivated on commercial basis and 
produce four kinds of silk. The scientific name of the insects are (i) Bombyx mori 
(Mulberry silkworm), (ii) Philosamia ricini (Eri silkworm), Gii) Antheraea mylitia 
(Indian tasar silkworm) and (iv) Antheraea assama (Muga silkworm). 

The larvae of the silkworms are the feeding stage and the adult moths are not 
taking any food, The mulberry silkworm is reared inside the room and they are 
absolutely domesticated during the last four thousand years, The mulberry silkworm 
is most important as it produces about 95% of the world production of all kinds of 
silk fibres. 

Bombyx mori is a monophagous insect as it feeds only the leaves of mulberry 
tree. In the life-cycle, there are four stages namely egg, larva, pupa and adult, 
Univoltine, bivoltine and multivoltine races of silk moths are present, In univoltine 
race only one life cycle is completed, two life cycles in bivoltine and many life 
cycles occur in a year in multivoltine race. In winter zones univoltine and bivoltine 
races of mulberry silkworm are reared but in summer tropical zones, the multivoltine 
race is reared, The number of eggs, layed by a female uni- or bivoltine mulberry 
silk moth is 400-500 but multivoltine lays 300—400 eggs. The hatching from the 
egg takes place after 10-14 days depending on the temperature and humidity. The 
larval period continues for 22-27 days. Duing this period, the larva moults four 
times with five instar stages. Male and female larvae can be identified from the 4th 
and 5th instar stage by observing the sex markings. In female there are two pairs of 
Ishiwata’s gland, one pair on 8th and another pair on 9th ventral abdominal segments; 
but in male larvae, there is a single gland at the junction of 8th and 9th ventral 
abdominal segments known as Herold’s gland, Pupal stage continues for 10-12 
days inside the cocoon. The cocoon is formed by a continuous silk fibre which is 
secreted from silk gland and the spinning is done by the matured Sth instar larva. 
‘The pupa is metamorphosed and give rise to adult which comes out from the cocoon 
through an aperture. The life cycle from egg to adult takes about 6 to 8 weeks. 

Before making any programme of rearing of silkworm, cultivation of good quality 
of mulberry plant must be done mainly with the cuttings, The rearing room should 
be cleaned by 2-4% formalin solution before rearing of larvae. Normal temperature 
and humidity must be maintained inside the rearing room and also maintain the 
cross ventilation. In early state, the larvae feed on the chopped tender mulberry 
leaves and the late stage larvae feed on bigger pieces of matured mulberry leaves, 
In a day, four to five feedings are given on the rearing tray. The bed cleaning must 
be done with the help of net once or twice in a day, 

In the 5th instar stage when the larvae cease to feed, the larvae are transferred to 
the spinning tray for formation of cocoon. The fluid from the silk gland comes 
outside through the spinneret and becomes dried up in air to form a thread ; this 

dried up thread is known as silk. The larva rotates itself with this silk filament and 
forms an outer covering which is known as cocoon. This silk filament of the cocoon 
is a proteinous fibre and proteins are fibroin and sericin, Before emergence of moth, 
the cocoons are boiled and the fibre is reeled by a wheel as reeled silk ; spun silk is 
also produced from perforated cocoon. 
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During the rearing of silkworm, the rearers are facing many problems of which 
the most important is the health problem of larvae. They are being attacked by 
protozoa, bacteria, virus and fungus ; as à result various types of diseases are 
manifested. 


11.16. Naming / Discovery / Discoverer 

[1] Shi-Ling-Chi (2604 B.C.) : Silk was discovered in China and sericulture 
started under the care of the Chinese queen 
Shi-Ling-Chi. 

[2] De Quatrefages (1860) : The name ‘pebrine’ was given to the disease. 

[3] Louis Pasteur (1865-70) : He brought out a method of diagnosis of 
pebrine disease. 

[4] D. C. Sarkar (1939-40) He observed the effects of high temperature 
and humidity on cocoon formation and also 
the influence of temperature on voltinism. 

[5] Y. Tanaka (1952) : He worked on genetics of the Silkworm. 

[6] S. N. Choudhury (1970) : He worked on muga and eri culture. 

[7] S. Krishnaswami (1971-78) : He worked on silkworm rearing as well as 

mulberry cultivation. 


11.17. Answers to Special Questions 
[1] What is Silk 2 
Ans. Silk may be defined as a kind of glossy thread which is obtained from the secretion 
of silk gland coming out through the spinneret and mouth of matured silkworm. 
[2] What is Chemical composition of silk fibre ? 
Ans. The silk fibre is composed of two types of proteins: 
(i) Fibroin (C,,H,,N,,O,,) : It forms the core of the thread and 
(ii) Sericin (C,,H,,N,,0,,) : It forms the outer covering the Silk fibre. 
[3] Mention the functions of each part of a Silk gland. 
Ans. Posterior Part : Synthesis of the core material fibroin. 
Middle Part Synthesis of the Sericin, outer part of fibre. 
Anterior Part : Sending of the Synthesised substance towards spinneret. 
Gland of Filippi: Secretes for lubrication of fibre. 
[4] How many types of Silk are produced by Silkmoths ? 
Ans. Four types of silk, such as Mulberry Silk, Tassar silk, Eri/Endi/Erandi Silk and 
Muga silk. 
[5] Give the scientific names of four principal types of silkmoths of our country 
with scientific names of their host plants. 


Name of Silkmoths Host plants. 


1. Bombyx mori 1. Morus sp. 


>d 


2. Antheraea mylitta - 2. Shorea rubusta 
3. Philosamia ricini 3. Ricinus communis 
4, Antheraea assama 4. Litsaea polyantha, Michelia champaka 


[6] 
Ans. 


[7] 


Ans. 
[8] 


Ans. 


[9] 
Ans. 


[10] 
Ans. 


[11] 
Ans. 


[12] 
Ans. 


Hibernating eggs 


1. Univoltine have one generation per I. Bivoltine and multivoltine have two 
year. In such races every generation 
enters embryonic diapause. Eggs laid 
in autumn normally enter into diapause 
after about two days of embryonic 
development. 


Embryos will complete their life cycle 
only if they are exposed to a 
temperature of around 8°C for several 
months. 
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Explain voltinism in silkmoth. 
Voltinism in silkmoth refers to the number of repetition of the life cycle per 
year. According to the number of life cycles, silkworms are divided into 
univoltine, bivoltine and multivoltine types. 
(i) Univoltine : In this type the life cycle completes once in a year. 
(ii) Bivoltine : Two life cycles complete in a year. 
(iii) Multivoltine : Several life cycles complete in a year. 
What causes lusture of silk ? 
The lusture of silk is caused by mixing of the secretion of Filippi’s gland or 
Lyonnet’s gland with fibroin and sericin. 
(a) Does parthenogenesis occur in the life-cycle of silk-worm ? (b) Mention 
the physical factors that affect quality of silk. 
(a) Parthenogenesis occurs in silkmoth, 
(b) Physical factors are— (i) Quantity and quality of food, 

(ii) Temperature in rearing room, 

(iii) Light and relative humidity of the rearing room. 
Distinguish between hibernating and non-hibernating eggs. 


Non-hibernating eggs 


and more than two generations 
respectively per year. In bivoltine race, 
the 3rd generation eggs enters 
embryonic diapause but in 
multivoltine embryonic diapause does 
not occur. 

2. The non-diapausing eggs laid by 
moths of bivoltine or multivoltine 
races if incubated at low temperature 
(18°C) and dark condition then 
complete embryonic development in 
10-11 days. 


Justify the importance of sericulture as an industry. 

In the rural area, sericulture provides self-employment and contributes 
substantially to develop rural economy. More than 5 million people, on an 
average, are engaged with this industry in some way or other and earn their 
livelihood. The country also earns an.annual income of approximately Rs. 
190,000,000 from this sericultrue. 

What is diapause ? 

In some species of insects, period of suspended development accompanied by 
greatly decreased metabolism often correlated with seasons is known as diapause. 
What is sericulture ? A 
Sericulture is a process in which mulberry silkworm is reared, unrefined silk 
threads are extracted from cocoon and then silk threads are refined for commercial 


purpose. 
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What are Muga and Tussar silk ? 

Muga : Silk obtained from the cocoons of Antheraea assama is known as muga 
silk. 

Tussar : Silk obtained from the cocoons of Antheraea mylitta is known as tussar 
silk. 

What is meant by reeled silk ? 

Single filament of a cocoon is very thin. So the filaments of 5/ 10/15 cocoons are 
passed together through wheel and is reeled by a wheel to form a single thread, 
This kind of fibre is known as reeled silk. 


What is spun silk ? 


During reeling some fibres are rejected and these rejected fibres are manupulated 


by fingers, thus the fibres are obtained known as spun silk. 
What is seed cocoon ? 


Some good cocoons are selected for the continuence of the next generation and 


these cocoons are regarded as seed cocoon. 
Mention the weight and length of fibre of a mulbery silk cocoon. 


. Weight of a cocoon varies from 1.25 gm to 1.75 gm. 


Length of fibre of a cocoon varies from 250 metres to 1150 metres. 
What do you mean by Rendita ? What is its utility ? 


. Rendita is the weight of green cocoons that required to produce a kilogram of 


raw silk, such as in India 16 kilograms of green cocoons are required to produce 
one kilogram of raw silk, then the rendita is 16. Rendita determines the quality 
of cocoon. 

What do you mean by Chasam, Latkoa and Matka ? 


Rajected fibres during reeling are known as chasam which forms the spun silk. 
After emergence of the moth from the seed cocoons, the continuous filament of 
the cocoon is cut into many fragments and these cocoons are known as latkoa 
and the fibres that are obtained from Latkoa are called matka. 


What is commercial or economic zoology ? 


The branch of science that deals with the scientific rearing and protection of the 


beneficial animals as well as destruction and control measures of the harmful 
animals in relation to man is known as commercial or economic zoology. 


What is cocoon ? 


Cocoon is an outer covering of pupa and this is formed by the secretion of silk 


gland of larva for the protection of pupal stage of the insect. 
Mention the characters of larva of silkmoth. [J.E.E. 2001] 


(i) The body of the larva is cylindrical and it is divided into head, thorax and 


abdomen. (ii) There are three pairs of thoracic leg, unjoined 5 pairs of abdominal 
legs and one caudal horn near the posterior end of body. (iii) There are 5 larval 
instars. (iv) In iv" & v* instar of male and female larvae there are Herold’s 
gland and Ishiwata’s gland respectively. 
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0 A, Long Answer type Questions: 


11 
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[3] 
[4] 
[5] 


[6] 
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[8] 


[9] 


[10] 
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[13] 
(14) 


[15] 


[16] 
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What is silk ? Write the scientific name of any two silkmoths. Describe the scientific method 
of sericulture. (Ans, 11.5, 11.6, 11.8) 
(a) What is silk ? (b) Write the scientific name of three different types of silkmoth. (e) Write 
the name of different stages of them from egg to adult condition. (d) Write the name of three 
common diseases of silkmoth. (Ans. 11.5, 11.6, 11.7.4, 11.12) 
Write the scientific name of two silkmoths. Indicate briefly the scientific method of sericulture. 

(Ans, 11.6, 11.8) 
What is silk ? Write the name of some silk producing insects. Describe with sketches the larva 


of silkmoth. (Ans, 11.17, 11.6, 11.7.4) 
What is silk ? How many types of silk are there ? What problems does a silk industry face 
during its growth ? [Tripura 1986] (Ans. 11.5, T.1, 11.12) 


(a) Give the scientific names of four principal types of silkmoths of our country with scientific 
name of their host plants and state the names of the silk they produce. (b) Explain voltinism in 
silkmoth. [JEE 1987] (Ans. J. I, 11.7.3) 
(a) Draw a labelled diagram of silk gland, (b) Mention the respective regions which secrete 
the particular components of silk. (c) What causes lustre of silk ? 

[JEE. 1988] (Ans. Fig. 11.7, 11.7.5, 11.17) 
What is chemical composition of silk fibre ? Give a labelled diagram of a silkgland and 
mention the functions of each part. [JEE 1990] (Ans. 11.5.1, 11.7.5) 
(a) What is silk ? (b) Give the scientific name of the animal from which it is obtained. 
(c) Mention the scientific name of the plant on which the animal feeds. (d) Mention two 
common diseases of the animal. [JEE 1993] (Ans. 11.5, T.1, 11.12) 
Mention the systematic position of mulberry silkworm. Write down the life history of mulberry 
silkworm in brief with a neat diagram. (Ans. 11.7.2, 11.7.4) 
What is economic zoology ? Write down in short the history of discovery of silk and the 
spread of sericulture in the different parts of the world. (Ans. 11.17, 11.7.1) 
What is sericulture ? Mention the name of the common diseases of silkworm, Write the causative 
factors and symptoms of the diseases. What are the preventive measures that you will take in 
these diseases of silkmoth. (Ans. 11.17, 11.12) 
Write the diseases of Silkworm and its preventive measures. (Ans, 11.12) 
(a) Does parthenogenesis occur in the life-cycle of silkworm ? (b) Distinguish between 
hibernating and non-hibernating eggs. (c) Mention the physical factors that affect quality of 
silk. (d) Justify the importance of sericulture as an industry. 

[JEE 1994] (Ans. 11-17) 

(a) What is sericulture ? (b) Write the names of two silkmoths producing superior quality of 
silk. (c) Mention two distinctive features by which you can identify male and female moths. 
(d) What is diapause ? [JEE 1996] (Ans. 11.2, 11.6, T.5, 11.17) 
(a) Between which segments of the larvae of silkmoth, the silk glands are located ? (b) Mention 
the respective regions which secrete the particular commponents of silk. (c) What causes lus- 
tustre of silk ? (d) What are Muga and Tussar silk ? [JEE 1997] (Ans. 11.7.5, 11.17) 
(a) Does parthenogenesis occur in the life-cycle of silkworm ? (b) Distinguish between 
hibernating and non-hibernating eggs. (c) Mention the physical factors that affect quality of 
silk. (d) Justify the importance of sericulture as an industry. [JEE 2000] (Ans. 11.17) 
What is commercial or economic Zoology ? Give the scientific name of four major types of 
silkmoth. Give a brief account of life history of a silkmoth. (Ans. 11.17, 11.6, 11.7.4) 
What is silk ? (b) Write the scientific names of three different types of silkmoths. (c) Mention 
the names of different stages of the life-history of silkmoth, (d) Write the names of three 
common diseases of silkmoth. (Ans. 11.5, 11.6, 11.7.4, 11.12) 
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[20] (a) What is silk ? (b) Describe the chemical nature of silk. (c) Write the scientific names of 
four different types of silkmoths and mention the types of silk they produce. (d) Define the 
types of silk moths according to their nature of life-cycle. (Ans. 11.5, 11.5.1, 11.6, 11.7.3) 
[21] (a) What is sericulture ? (b) Write the scientific names of the types of silkmoths. (c) Mention 
two type of disease in silkmoth. (d) What is cocoon ? (Ans. 11.2, T.1, 11.12 & 11.17) 
[22] Mention the characters of larva of Silkmoth. [JEE. 2001] (Ans. 11.17) 
[23] Give the scientific names of Mulberry siklworm, Tussar silkworm and Muga silkworm along 
with their respective host plants. [J.E.E. 2004] (Ans. Table 1) 
[24] What is the natural food of silkworm ? Draw and label of a silk gland. 
[JEE. 2005] (Ans. J. I, 11.7.4) 
@ B. Short Answer type Questions: 
[1] Wat is univoltine and multivoltine races? (Ans. 11.7.3) 
[2] What is moulting and instar ? (Ans. 11.7.4) 
[3] What is reeled silk? (Ans. 11.9) 
[4] Why the silk is known as ‘queen of textiles’ ? (Ans, 11.5.4) 
[5] Mention the location and function of spinneret. (Ans. 11.7.4) 
[6] Write down the names and colours of commercial silk fibres. (Ans. 11.5.3) 
[7] What is rendita ? (Ans. 11.9) 
[8] What is spun silk ? (Ans, 11.9) 
[9] What is diapause egg? (Ans, 11.7.3) 
[10]: What is brushing ? (Ans. 11.8.2) 
[11]: Why the cocoon is coloured? (Ans. 11.5. 2) 
[12]; What is mountage? (Ans. 11.8) 
[13] What is dupion ? (Ans. 11.8) 
[14]. What is ‘Assam silk’ 2 (Ans. 11.10.2) 
[15] Mention the three species of tasar silkmoth with their host plants. (Ans. 11.10.1) 
[16] - Mention the characteristics of cocoon of eri silkmoth. (Ans. 11.10.2) 
[17] Mention few uses of silk fibre. (Ans. 11.11) 
[18] Write down the four research centres of silkmoths in India. (Ans. 11.13) 
[19] Mention two important silk industry districts of West Bengal. (Ans. 11.7.1) 
[20] Write down the name of the wild species from which the domesticated variety of mulburry 
silkworm has evolved. (Ans. 11.6) 
[21] State scientific name of four kinds of silkmoth. JE. E. 1999] (Ans. 11.6) 
© C. Distinguish between: 
[1] Herold's gland and Ishiwata’s glands. (Ans, Table 3) 
12] Moulting and instar. (Ans. 11.7.4) 
[3] Cocoon and pupa. (Ans. 11.7.4) 
[4] Flacherie and Grasserie. (Ans. T.6) 
[5] Female mulberry moth and male mulberry moth. (Ans. T.5) 
[6] Female larva and male larva of Bombyx more. (Ans. T.3) 
[7] Male pupa. and female pupa of Chinese silkworm. (Ans. T.4) 
8] Reeled silk and Spun silk. (Ans. 11.9) 
[9] Hibernating and non-hibernating egg. 7 (Ans. 11.17) 
D. Short Notes: 
[1] Silk gland (Ans. 11.7.5) [21 Uzi fly (Ans, 11.12.5) 
[3] Silk road (Ans. 11.7.1) [4] Dupion (Ans. 11.8.2) 
_ [5] Rendita (Ans. 11.9) [6] Mountage (Ans. 11.8) 
[7] Denier (Ans. 11.9) [8] Diapuse (Ans. 11.7.3) 
[9] Voltinism (Ans. 11.7.3) [10] Egg of Mulberry Silkmoth (Ans. 11.7.4) 
1111 Proleg (Ans. 11.7.4) [12] Seed cocoon (Ans. 11.9) 
[13] Spun silk (Ans. 11.9) 
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E. Multiple choice type Questions: 


u] 
121 
[3] 


[4] 
[5] 
[6] 
[7] 
[8] 
[9] 


[10] 


Tasar silkmoth is domesticated/wild/semidomesticated insect. 

Muga silk is coppery/creamy/golden/reddish in colour. 

Only one life-cycle completes in a year that race of silkmoth is known as univoltine/multivoltine 
/oivoltine. j 

The silk fibre is extracted from the adult/egg/larva/cocoon, 

Muga silkmoth is cultivated only in West Bengal / Assam / Karnataka / Kashmir. 

Adult silkmoths possess only one pair of wing/two pairs of wings / no wings. 

The pebrine disease of silkworm is caused by a virus / bacteria/fungus / protozoa. 

The host plant of Chinese silkworm is castor planv/mulberry plant/sal tree/soalu tree. 

The multivoltine race lays hibernating eggs/non-hibernating eggs/both hibernating and non- 
hibernating eggs. 

Fungal disease of a silkworm larva is known as pebrine / grasserie / muscardine/flacherie. 


F. Matching the following colomn : 


Select words from column I to make appropriate pairing with those in column II: 
COLUMN I COLUMN Il 


po g. 9 


eG. 
(1) 
[2] 
[3] 
[4 
[5] 
[6] 
[7] 
[8] 
[9] 
[10] 


. Monophagous silkworm (i) Prolegs of mulberry silkworm. 
. Herold’s gland (ii) Bombyx mori. 
. 5 pairs of unjointed abdominal legs (iii) Muscardine. 


Fungal disease of mulberry silkworm. (iv) Eri silkworm. 


. Terminalia arjuna. (v) Brahmaputra valley. 


Assam silk (vi) 5th instar of mulberry male larva. 


Golden yellow muga silk. (vii) Matka silk. 
. Latkoa. (viii) Host plant of Indian Tasar silkmoth. 


Put / Mark or Ves / No for correct answer: 
The silk was first disocovered in China. . Ves / No. 
Chinese emperor Whuang-ti is known as ‘Goddess of silkworm’. Ves / No. 
Indian tasar silkworm is scientifically known as Antheraea pernyi. sis Yes Nd. 
The Muga silkworm is present only in Assam. , Yes / No. 
Castor is the host plant of eri silkworm. a. Yes / No. 
The univoltine race is reared in warmer tropical areas. wae Yes / No. 
Hibernating eggs are only laid by multivoltine race. Ves / No. 
Diapause stage occurs in non-hibernating eggs. eee 
Matured female larvae possess Ishiwata’s glands. ve. Yes / No. 
The body of the silkworm larva is divided into head, throax and abdomen. . Ves / No. 


@H. Fill in the blanks: 


i] 
[2] 
[3] 
[4] 
[5] 
[6] 
(7] 
[8] 
19] 


110] 


Muga silkworm is cultivated only in 
The pebrine is caused by a protozoa known as 
The larva of eri silkmoth mainly feed on the leaves of 
The sericin of silk fibre is secreted from te lobe of silk gland. 
The colour of the tasar silk fibre is 
The average length of silk filament is extracted froin as Indian cocoon metres. 
The weight of an Indian multivoltine cocoon is about gm. 

The fully matured larvae become transparent and in appearance. 

The three pairs of joined legs on the throracic region of a larva are used for holding the 
during the feeding time. 

After emergence of adult, the perforated cocoon is known as 
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Answers to Q. No. E, F, G, H 


E. [1] wild. [2] golden. [3] univoltine. [4] cocoon. [5] Assam. [6] two pairs of wings. [7] protozoa. 
[8] mulberry plant. [9] non-hibernating eggs. [10] muscardine. 

F. aand (ii), b and (vi), c and (i), d and (iii), e and (viii), f and (iv), g and (v), h and (vii). 

G. [1] Yes. [2] No. [3] No. [4] Yes. [5]Yes. [6] No. [7] No. [8] No. [9] Yes. [10] Yes. 

H. [1] Assam. [2] Nosema bombycis. [3] Castor plant. [4] middle. [5] copperish. [6] 250. [7] 1.25. 

[8] yellowish, [9] leaves. [10] latkoa. 
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Conservation of Matter and Energy 
in the Human System 


Topics Discussed : Nutrition, nutrients and food ; Basic constituents of food (carbohydrates, proteins, 
lipids, vitamins, minerals and water) and their nutritional significance ; Respiratory quotient ; Basal 
metabolic rate ; Specific dynamic action of food ; Chemistry (classification and properties) and metabolism 
of carbohydrates, proteins and lipids ; Structure and function of different parts of digestive system ; 
Composition and functions of digestive juices ; Digestion and absorption of food ; Movement of alimentary 


canal; Clinical conditions of G-I system; A few Comparisons. 


Section—A : NUTRITIO 


1.1. Nutrition: Nutrients : Food 


© Nutrition: All living organisms including humans require food for— 
[1] supply of energy for proper functioning of the body, [2] building of materials 
needed for growth, development and repair of wear and tear of tissues and [3] 
providing protection from diseases. The entire process of utilisation of food in a 
living body for the aforesaid purposes is referred to as nutrition. Thus, nutrition can 
be defined as the physiological process by which a living organism acquires and 
utilises food for supply of energy, growth, development, tissue repair and protection 
from diseases for a normal healthy life. 

o Nutrients : The food which we consume contains various organic and inorganic 
«chemical substances called as nutrients because they support nutrition by providing 
energy, raw materials for growth and tissue repair, and protection from diseases. 
Thus nutrients can be defined as chemical substances present in food that aid in 
nutrition. Examples of nutrients are carbohydrates, proteins, lipids (or fats), vitamins, 
minerals and water. Of these, the first four are organic compounds and the remaining 
two are inorganic materials. 

@ Food: Animals obtain their nutrients from the products of other animals and 
plants which they consume as food. Literally, food means an edible material (i. e., a 
substance which is eaten). But from nutritional point of view, food can be defined 
as a substance which on being ingested supplies one or more nutrient(s). Examples 
of food are rice, wheat, tubers, fruits, seeds, milk, egg, fish, meat efc., or materials 
prepared from these, such as flour, bread, corn or rice flakes, edible oils, butter, 
ghee, cheese and so on. Most of the foods contain more than one nutrients, the 
proportion of which vary in different food materials. For example, rice, wheat, maize 
are carbohydrate rich food whereas egg, meat, fish etc., are rich in protein, and 
coconut, ground nut, mustard seed etc., are rich in oils (lipids), but all these food 
materials contain some other nutrients as well to a smaller extent. Milk contains 
more or less all nutrients. However, some food materials may also contain only one 
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type of nutrient ; for example, cane sugar contains only a carbohydrate (sucrose), 
vanaspati ghee contains fat only, and so on. 

As we know, a food for one animal species may not be a food for another species. 
For example, grass and hay are food for cattle but not for man, dog, tiger etc., This 
is because the cattle can digest the cellulose present in grass and hay into the simple 
sugar glucose, which is absorbed and assimilated in their body for the purpose of 
nutrition ; whereas dog, man and tiger are unable to digest cellulose and thus cannot 
derive nutrient from it. Thus, we see that although a substance may contain nutrients, 
it cannot be considered as a food for an animal unless the animal is capable of 
digesting the substance, absorbing the nutrients present in it and utilising them in the 
body. However, some nutrients may be directly absorbed and do not require digestion. 


1.2. Basic Constituents Of Food And Their Nutritional Significance 


The constituents of our food (i. e., nutrients) are basically of six types 
(1) carbohydrates, (2) proteins, (3) lipids (fats), (4) vitamins, (5) minerals and 
(6) water. Since our body is also composed of the aforesaid materials, these may be 
considered as the constituents of our body as well. Among these, the first three types 
of nutrients i.e., carbohydrates, proteins and fats liberate energy on being oxidised. 
So, these are used in the body as fuel and are grouped as energy yielding nutrients. 
These nutrients are often called proximate principles of food or macronutrients as 
they form the main bulk of our food. On the other hand, the remaining three types 
of nutrients (i. e., vitamins, minerals and water) are not oxidised as fuel to liberate 
energy but they help in the oxidation of the former ones. Hence, these are grouped 
as accessory components of food. The latter group of nutrients are also called 
protective principles of food because their deficiencies lead to certain diseases and 
abnormalities indicating that these nutrients protect our body from diseases (previously 
only the vitamins were considered as protective nutrients). Vitamins and minerals are 
also called micronutrients because they are required in very small quantities. 


1.2.1. CARBOHYDRATES (DIETARY SOURCES : NUTRITIONAL 
SIGNIFICANCE) 


@ Dietary Sources Of Carbohydrates : Carbohydrates constitute 60-80% of 
our diet. Plants are the chief source of carbohydrates. Our diet contains some poly-, 
di-and mono-saccharides. The chief dietary polysaccharides include starch, dextrin, 
glycogen and cellulose. Starch is the principal carbohydrate of our diet. It is the 
stored food of plants and found in rice, wheat, maize, potato etc., Dextrin is found 
in honey. Glycogen is stored in liver and muscles of animals and is also called 
animal starch. It is found in meat, liver, fish etc., Cellulose is found in cell wall of 
plants ; hence, vegetables and leaves contain large amount of cellulose. It is used as 
food by certain micro-organisms and invertebrates which possess the enzyme cellulase. 
Herbivorous mammals i.e., cow, goat, rabbit etc., also use cellulose as food because 
cellulose digestion in them is accomplished by the intestinal micro-organisms. In 
man, the dietary cellulose is not used as food but it provides roughage or the 
undigested material which helps in movement of bowel and thereby prevents 
constipation, 
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Maltose, lactose and sucrose are the chief dieteary disaccharides. Maltose is 
found in malt (a digestion product of starch), lactose is found in milk and sucrose 
is found in sugar-cane and its products (i.e.,, sugar, molasses and jaggery), beet-root, 
pinapple etc. 

Glucose, fructose and galactose are the monosaccharides present in our food. 
Glucose and fructose are found in fruits. Galactose is not found in free from in the 
nature ; it is present in the milk sugar lactose. 

© Nutritional significance of carbohydrates (or Functions of carbohydrates 
in the body) : Carbohydrates are important in nutrition because they perform the 
following functions in the body. 

[1] Energy supply—The main function of carbohydrates in our body 1s to supply 
energy for various activities. The energy liberated per gram of carbohydrate oxidised 
in the body is 4 keal. Although the energy obtained per gram of protein and fat are 
4 kcal and 9 kcal respectively, carbohydrate is considered as the chief fuel of our 
body because it is the most easily available (as we consume much more carbohydrate 
than protein and fat) as well as utilisable food for our body. 

[2] Formation of food (energy) stores—Carbohydrate taken in excess is converted 
to glycogen in muscles and liver, and fat in liver and adipose tissue for the purpose 
of storing energy for future use. 

[3] Protein sparing action—The hydrocarbon Skeleton of some non-essential 
amino acids is derived from products of cartohydrate metabolism. Ingestion of 
sufficient quantity of carbohydrate reduces the catabolism of protein and thus its 
dietary requirement. This is referred to as protein sparing action of carbohydrate. 

[4] Oxidation of fat and prevention of ketosis—Carbohydrates are required for 
complete oxidation of fats and prevention of ketosis. For complete oxidation of fatty 
acids, they are first broken into several actyl CoA molecules through B-oxidation 
pathway. Then the acetyl CoA molecules are oxidised to COꝛ and H20 through the 
TCA cycle. For entering the TCA cycle, the acetyl CoA molecules have to combine 
with oxaloacetic acid (OAA) which is derived from pyruvic acid, a breakdown 
product of carbohydrates. This is why, it is said that fats burn on the fuel of 
carbohydrates. Moreover, presence of adequate carbohydrate in the body reduces 
the oxidation (catabolism) of fat for supply of energy. In deficiency of carbohydrates, 
there is an excessive breakdown of fatty acids but all the acetyl CoA molecules 
cannot enter the TCA cycle due to a shortage of OAA, and they form ketone bodies 
leading to ketosis. 

[5] Formation of body compounds-Althoygh the carbohydrates account for a 
very small part of the weight of the body, they form many important compounds 
necessary for maintenance of structure and function of the body. These compounds 
are—hyaluronic acid and chondroitin sulphate ( equired for formation of connetive 
tissue), nucleic acids (which form the genetic material), galactolipids (constituents of 
nervous tissue), heparin (an anticoagulant), glicoronic acid (a detoxifying agent), 
chitin (which forms exoskeleton of some inver ubrates) etc., 

[6] Brain development-Galactose derived f om the milk sugar (lactose) is very 
important for children because it is required in synthesis of galactolipids that are 
necessary for development of brain. 
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[7] Laxative action and preveation of certain diseases—Cellulose and other 
polysaccharides (i. e., hemicellulose, lignin, pectin etc.,) present in the cell wall of 
plants are undigestable. Their presence in the diet provides roughage or dietary 
fibre which helps in peristaltic movement of intestine and thereby prevents 
constipation. Dietary fibre is also believed to have some role in prevention of 
diseases like ischemic heart disease, diabetes and colon cancer. Low fibre diets 
have been reported to be associated with these diseases. 


1.2.2. PROTEINS (DIETARY SOURCES : NUTRITIONAL SIGNIFICANCE) 

© Dietary sources of proteins: Proteins are found in foods originating from 
animals (i. e., meat, fish, egg, milk, cheese efc.,) as well as plants (i. e., pulses, beans, 
nuts etc.,). Cereals like rice, wheat, maize also provide some amount of protein. 
Major proteins of our diet are—albumins and globulins (that are found in both 
animal and plant products such as meat, fish, egg, milk, pulses etc.); casein (of 
milk) ; glutelins and prolamines (found in plant products only e.g., rice, wheat, 
maize efc.,) ; collagen, elastin and gelatin (found in animal products only). Animal 
proteins are nutritionally of much better quality (first class proteins) whereas plant 
proteins are usually inferior in quality (second class proteins). However, plant proteins 
like those present in soyabean and nuts are nutritionally equivalent to animal proteins. 

© Nutritional significance of proteins (Functions of proteins in the body): 
Proteins are essential constituents of our diet because they serve the following functions 
in the body. j 

[1] Formation of body proteins—Proteins are major organic constituents of 
protoplasm as well as many extracellular materials. They form the fundamental 
structural and functional components of living organisms. Each organism has the 
ability to synthesise a large variety of proteins that are characteristic to the species. 
For this, the proteins of food are digested and absorbed in the form of amino acids 
which are then assembled in a new sequence. This is why the body proteins differ 
from the dietary proteins. Amino acids derived from dietary proteins take part in the 
formation of different types of proteins in the body and thereby help in the following 
functions— i 


[A] Growth and maintenance of the body—Formation of structural proteins (or 


tissue proteins) is required for growth of the body and repair of the wear and tear 
of tissues. 


[B] Synthesis of functional proteins-Proteins are required for the synthesis of 
various important materials such as enzymes (all enzymes are proteins), hormones 


(of pituitary, pancreas etc.,), pigments (e.g., hemoglobin of RBC, rhodopsin of 
retinal rods, efc.,) and plasma proteins. 


[C] Defence mechanism-Amino acids are important for the synthesis of antibody 
proteins that provide a mechanism for self defence against infections. 

[2] Formation of important NPN materials—Proteins (amino acids) are required 
in the body for synthesis of various materials that contain nitrogen but are not 
proteins. These are called non-protein nitrogenous (NPN) substances. Some of these 
compounds work as neurotransmitters (e.g., serotonin, noradrenalin efc.), hormones 
(e. g., thyroxine, adrenalin etc.) and coenzymes. 
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[3] Energy supply-Each gram of protein liberates 4 keal of energy when 
oxidised in the body. Normally, when sufficient carbohydrate and fat are present in 
the diet, very little protein is oxidised as fuel. But under conditions of prolonged 
starvation or diabetes mellitus when food materials are not available to the tissues, 
the body proteins are catabolised for supplying energy. 


1.2.2. A. NITROGEN BALANCE: 

The net result of metabolism of amino acids or proteins is expressed by nitrogen 
balance’. The term nitrogen balance denotes the difference between dietary nitrogen 
intake and excretion of nitrogen in urine and feces. 

„N balance = N intake in diet — (urinary N+fecal N) 

Normal healthy adults remain at a state of equilibrium in which the intake of 
nitrogen equals to its excretion. This is called normal nitrogen balance or nitrogen 
equilibrium which indicates that there in no retention or loss of nitrogen so that the 
total quantity of nitrogen in the body remains unchanged. In this state, the rates of 
anabolism and catabolism of protein are equal. 

When the nitrogen intake exceeds its output, there is a retention of nitrogen in 
the body in the form of tissue proteins and the individual is said to be in positive 
nitrogen balance. This is seen during growth, recovery from illness, pregnancy, high 
protein diet etc. In this state, the rate of protein anabolism exceeds that of protein 
catabolism. Conversely, if the nitrogen output exceeds its intake, the individual is in 
negative nitrogen balance. In this state, there is a loss of nitrogen from the body 
because the rate of protein catabolism is higher than that of protein anabolism. This 
occurs during low protein diet, starvation, illness, old age etc.,, when there is tissue 
wasting. 
1.2.2.B. NUTRITIONAL AND BIOLOGICAL VALUE OF PROTEIN 


© Definition of nutritional value of protein: Nutritional value of a protein 
means ability of a protein to support nutrition. It indicates how efficiently a dietary 
protein is utilised in the body for maintaining nutrition and growth. 

@ Factors determining the nutritional value of proteins: The nutritional value 
of a protein depends upon its two qualities— essential amino acid content and 
digestibility. 

[1] Essential amino acid (EAA) content—The body derives from the dietary 
proteins the amino acids, particularly the essential amino acids (EAAs) which it 
cannot synthesise, and prepares its own tissue proteins. Thus, the quality of a dietary 
protein depends on the pattern of EAAs it supplies. The more is the number of EAAs 
present in a protein, the greater is its nutritional value i.e., better is its quality. 

[2] Digestibility-A protein may be rich in EAAs, but if it is not completely 
digested, to release its EAAs, it will not be utilised in the body. Thus, digestibility 
is an important factor on which the nutritional value of a protein depends. The 
digestibility of a protein is expressed by the term digestibility co-efficient (DC) 
which means the percentage of food nitrogen absorbed from the alimentary canal 
(i.e. what percentage of the food N is absorbed). 


< DC= N absorbed from food x100.. 


N present in food 
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For determining the DC of a test protein, the animal is kept on a protein free diet 
for a couple of days and the fecal N is estimated to obtain the endogenous fecal N 
coming from body proteins. Then the animal is fed with a measured amount of the 
test protein and the fecal N is estimated again ; this gives total fecal N originating 
from food as well as body proteins. From these data, the DC is calculated by using 
the following formula— 

Food N = (Total fecal N Endogenous fecal N) x100 
Food N ; 

In general, the animal proteins like those found in egg, milk, fish, meat etc.,, are 
of higher nutritional value and hence they are categorised as good quality proteins 
or first class proteins. These proteins contain all the EAAs in adequate number and 
balanced proportions, and they are also highly digestible (i. e., their DC is high). On 
the other hand, the plant proteins like those found in cereals, pulses, legumes and 
vegetables are of lower nutritional value (or poorer quality) and hence they are called 
second class proteins. In plant proteins, the EAA composition is not well balanced 
and most of them are deficient in one or more EAA(s), Such proteins are therefore 
called incomplete proteins. Plant proteins (particularly the uncooked ones) are less 
digestible. The low digestibility of plant proteins is often due to the presence of 
trypsin inhibitors which are destroyed on cooking. Hence, cooking improves the 
digestibility of the proteins in several foods. However, excessive heat treatment may 
adversely affect the quality of the protein. 

© Assessment of nutritional value of protein: The nutritional value of a 
protein can be assessed (or expressed) in three ways as follows :— 

[1] Biological value (BY) of protein : The ‘biological value’ (BV) of a protein 
is defined as the percentage of the absorbed N retained in the body. 

N retained in the body 
N absorbed from food 

For determining the BV of a test protein, the animal is kept on a protein free diet 
for a couple of days and its endogenous fecal and urinary nitrogens are estimated. 
Then the animal is fed with a measured amount of the test protein and the total fecal 
N and total urinary N are estimated again. From these data, the BV is calculated by 
using the following formula : $ 


DC = 


Thus, BV = 


Food N — (Total fecal N — Endogenous fecal N) - (Total 
urinary N — Endogenous urinary N) 
Food N — (Total fecal N — Endogenous fecal N) 


A protein of high BV maintains the N-balance while intake of a single protein 
of low BV results in a negative N-balance. 

[2] Net protein utilisation (NPU) : NPU is the percntage of food N retained in 
the body. It gives a measure of what percentage of the total N consumed is retained 
in the body. 


BV= x 100. 


N retained in body 


Thus, NPU = ~ 
N present in food 


x 100, 


BV x DC 


The NPU is a combined value of BV and digestibility (DC). NPU = 155 
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[3] Protein efficiency ratio (PER) : The PER is the gain in weight of young 
growing animals per unit weight of protein consumed, Measurement of PER is very 
simple as it is based on recording of body weight. The PER can be calculated using 
the following formula : 
Gain in body weight (g) 
Protein intake (g) 


PER = 


However, this it not a very good index of the nutritional value of a protein 
because a protein capable of maintaining N balance may even have the PER zero if 
it does not promote body growth. 


1.2.2.C, SUPPLEMENTARY ACTION OF PROTEINS 


The nutritional value or BV of a poor quality protein e. g., a plant protein is low 
when it is consumed alone. But its BV is increased if it is consumed with another 
protein simultaneously. This is called supplementary action of proteins. The reason 
behind this is that the deficiency of EAA in one protein is compensate by the other 
protein. So, for diet planning, mixture of cheaper plant proteins may be used and 
eating of mixed foods is advised. 


1,2.2.D. PROTEIN SPARERS 


Carbohydrates and fats are called protein sparers because their presence in diet 
reduces the dietary requirement of protein. The reasons for this are as follows :— 

[1] In presence of cabohydrate and fat, the catabolism of protein for energy 
production and gluconeogenesis is reduced. 

[2] Carbohydrates may provide the carbon skeleton for synthesis of non-essential 
amino acids in the body. 
1.2.3. LIPIDS (DIETARY SOURCES : NUTRITIONAL SIGNIFICANCE) 


© Dietary sources of lipids : Dietary lipids are obtained from both plant and 
animal sources. The plant sources include edible oils derived from mustard, rape- 
seed, sunflower seed, cotton seed, groundnut, coconut etc. Various kinds of nuts, 
peanut butter, vanaspati ghee are also important plant sources of dietary lipids. The 
animal sources of dietary lipids are milk, butter, ghee, egg yolk, lard, fatty meat and 
fishes, fish liver oils etc. 

© Nutritional significance of lipids (Functions of lipid in the body) : 

[1] Energy source—Fats are important source of energy in the body. Oxidation 
of each gram of fat in the body liberates 9 kcal of energy. Thus, the calorie value 
of fat is more than twice that of carbohydrate and protein, Large amount of fat can 
be stored in the body as reserve food, particularly beneath the skin and around the 
visceral organs. 

[2] Mechanical buffer—Fat stored around visceral organs helps to support them 
and protect them from mechanical injury as a padding material. 

[3] Thermoregulation—The subcutaneous fat serves as insulation against the 
loss of body heat and thereby helps in thermoregulation. 

[4] Cellular structure—Lipoproteins or proteolipids are essential constituents of 
biological membranes (unit membrane). Hence, they have important role in the 
formation of cellular structures. 
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[5] Supply of essential fatty acids—Dietary fats are very important for the 
supply of essential fatty acids which are not synthesised in the body. 

[6] Supply of fat soluble vitamins—Fat soluble vitamins A, D, E and K are 
supplied to the body through dietary fats. Vitamin D is synthesised from cholesterol. 

[7] Endocrine functions—Fats are used in the body as precursor of steroid 
hormones. 

[8] Formation of bile acids—Cholic acid formed from cholesterol is used in the 
synthesis of bile acids (taurocholic acid and glycocholic acid). 


M N E A E E E REVISION 2 a a a a E a E a 


Nutrient—A substance which supports nutrition. 
Food—A substance which contains one or more nutrient(s). 

Basic constituents of food (or Types of nutrients)—Carbohydrates, proteins, 
lipids, vitamins, minerals and water. ; 

Proximate principles of food (Energy yielding nutrients or Macronutrients )— 
Carbohydrates, proteins and lipids. 

Accessory components (protective principles) of food—Vitamins, minerals 
and water. 

Nutrient with highest calorie value—Lipids. 

Chief carbohydrate of our diet—Starch. 

Roughage (Dietary fibre)—Cellulose and other undigestable plant 
polysaccharides present in diet. 

Nitrogen balance—Difference between intake of nitrogen through food and 
excretion of nitrogen through feces and urine. 

Nutritional value of protein Ability of a protein to support nutrition and 
maintain growth. 

Biological value of protein—The percentage of nitrogen absorbed from food, 
retained in the body. It is a measure of nutritional value of protein. 


1.2.4. VITAMINS (BRIEF HISTORY : DEFINITION : NOMENCLATURE : 
TYPES) 


o Brief history: As far back as nineteenth century, on the basis of experiments 
with animals and human beings, it was revealed that substances other than 
carbohydrates, proteins, fats, minerals and water were required for good nutrition. It 
was noticed that the sailors on long voyages were usually attacked by certain deficiency 
diseases that caused even loss of lives. Such a disease beriberi was cured when the 
allowance of meat and vegetable were increased and milk was added to the diet. 
Similarly, another deficiency disease scurvy was cured by adding lemons or limes in 
the diet. Animals could not be kept alive for prolonged periods if fed with purified 
proteins, carbohydrates, fats, minerals and water. Beriberi was found to be prevalent 
in those who consume polished rice. In 1897, the Dutch physician Eijkman showed 
that addition of rice polishings to the diet would ameliorate beriberi, Funk (1912) 
isolated the active principle in rice polishings that could cure beriberi. Since the 
substance was essential for life (i. e., vital) and chemically an amine, he coined the 
term vitamine. Later it was revealed that all such substances are not amines. So, 
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Drummond (1920) proposed the term vitamin dropping the final e'. Many vitamins 
are now known that belong to different chemical groups. Hence, a strict chemical 
definition of vitamins would not be appropriate. However, vitamins can be defined 
in the following way. 

© Definition of vitamin : Vitamins are essential organic constituents of food 
other than carbohydrate, protein and fat, required in minute quantities for maintaining 
normal growth and metabolism, proper functioning of the body and good health. 

With some exceptions, all animal species require presence of vitamins in their 
diet because vitamins are not synthesised in their body. Plants and various micro- 
organisms synthesise vitamins. Animals eat the plants and store certain vitamins ; 
hence, foods of animal origin e.g., meat, liver, fish, egg and milk also serve as source 
of vitamins. 

© Nomenclature of vitamins : Vitamins are named in three ways. Previously, 
when their chemical structures were not known, vitamins were named alphabetically 
e. g., vitamins A, B, C, D, E, K etc. Vitamins were also named according to their 
functions or clinical uses (Le., their ability to prevent diseases) e.g., anti-beriberi 
vitamin, anti-scorbutic vitamin etc., Vitamins were finally named chemically after 
their chemical structures were revealed e.g., retinol (vitamin A), thiamine (vitamin 
BI), riboflavin (vitamin Ba) and so on. 

© Types and classification of vitamins : Vitamins are classified according to 
their solubility into two main classes—fat soluble vitamins and water soluble 
vitamins. The fat soluble vitamins are of four types—vitamin A, vitamin D, vitamin 
E and Vitamin K. Water soluble vitamins include the vitamins of B complex group 
and vitamin C. The B complex group includes several vitamins such as thiamine, 
riboflavin, niacin, pyridoxine, pantothenic acid, biotin, folic acid, cobalamins etc. 


1.2.4. A. PROVITAMIN 

A provitamin is the precursor of a vitamin which when taken through diet is 
converted to the vitamin in the body. Examples are—Carotene (provitamin A), 
ergosterol (provitamin D) ete. 
1.2.4.B. ANTIVITAMIN 

A compound having chemical structure similar to that of a vitamin may inhibit 
or antagonise the function of the vitamin. Such compounds are called antivitamins. 
Examples-pyrithiamine, galactoflavin and avidin are antivitamins of thiamine, 
riboflavin, and biotin respectively. 
1.2.4.C. PSEUDOVITAMIN 
. Certain organic compounds though structurally similar to some vitamin do not 
show the physiological actions of the vitamin ; such compounds are called 
pseudovitamins (false vitamins). Example-methylcobalamine is pseudovitamin of 
cyanocobalamine (vitamin B12). 
1.2.4.D: AVITAMINOSIS AND HYPERVITAMINOSIS 

The state of deficiency of vitamins is called avitaminosis which may be of 
various types depending upon the type of vitamin being deficient. Each type is 
characterised by certain signs and symptoms. Avitaminosis is primarily produced by 
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lack of vitamins or presence of antivitamins in diet. However, treatment with antibiotic 
drugs often produce deficiency of certain vitamins of B complex group that are 
synthesised by intestinal bacteria, because these micro-organisms are killed by such 
drugs. For this reason, vitamin B complex should be given during antibiotic therapy, 

Intake of excess vitamins may also lead to some pathological conditions that are 
referred to as hypervitaminosis. However, hypervitaminosis is rare and occurs in 
case of fat soluble vitamins A and D mainly, because these are not easily excreted 
from our body through urine and hence may be stored in considerably high amounts. 
On the other hand, the excess water soluble vitamins can easily be excreted through 
urine and hence do not accumulate in the body in large quantities to cause 
hypervitaminosis. 


1.2.5. FAT SOLUBLE VITAMINS (DIETARY SOURCES : FUNCTIONS : 
DEFICIENCY SYMPTOMS) 


1.2. S. K. VITAMIN A 


It is clinically called axerophthol or anti-xerophthalmic vitamin or anti- 
nyctalopic vitamin because it prevents eye diseases like xerophthalmia and nyctalopia. 
Previously this vitamin was also called anti-infective vitamin because its deficiency 
led to various types of infections, However, later it has been revealed that neither this 
vitamin increases immunity of the body nor does its administration ameliorate 
infections, So the name ‘anti-infective’ vitamin is now obliterated. Chemically, vitamin 
A is called retinol. It occurs in two forms—oxidised and reduced. The reduced form 
is called retinol; and the oxidised form is called retinolz or dehydroretinol. 


Sources: Vitamin A is obtained from both plant and animal sources. Plants 
do not contain vitamin A as such, rather they store the provitamin (precursor) of 
retinol called carotene. Carotene is abundantly found in yellow (ripe) fruits and 
vegetables e.g., carrot, tomato, mango, sweet potato etc., and green leafy vegetables 
e.g., cabbage, lettuce ere. Animals store vitamin A as such in their liver, fat, kidney 
etc., The fish liver oils (e.g., cod liver oil, shark liver oil, halibut liver oil etc.) or 
liver are the richest source of vitamin A. Fatty meat, milk, butter, ghee, egg yolk are 
also good sources of this vitamin, 


„ Functions: [1] Vitamin A is required for synthesis of visual pigments of rods 
and cones (rhodopsin and iodopsin) that are responsible for vision. 

[2] It maintains the structural and functional integrity of epithelial cells 
particularly the mucous membranes of cornea, conjunctiva, lacrimal gland, salivary 
gland, pharynx, respiratory tract, tongue erc., By virtue of this function vitamin A 
reduces the chance of bacterial invasion (or infection) in the body. s 

[3] Vitamin A also helps in growth, reproduction and metabolism. 

[4] It keeps the skin smooth, healthy and moist and helps in the functioning of 
cutaneous glands (sebaceous-and sweat-glands) and hair follicle. 


© Deficiency symptoms: [1] One of the most important and early detectable 
symptoms of vitamin A deficiency is nyetalopia or night blindness which is due to 
the lack of rhodopsin synthesis in retinal rods. If the deficiency is prolonged, gradually 
the rod and cone cells degenerate. Along with this, especially in children, there 
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occurs xerophthalmia (xerosis or drying of conjunctiva) and keratomalacia 
(ulceration and softening of cornea) which may finally lead 
to complete blindness, 

[2] Another early detectable symptom of vitamin A 
deficiency is dryness and roughness of skin particularly 
in the sides and back of the thighs and lateral part of the 
forearms that look like toad's skin. 

[3] Other symptoms are retardation of growth in the 
young animals, degeneration of epithelial tissues leading to 
secondary infections, renal calculi (kidney stones) erc., 

© Hypervitaminosis A : Acute cases of „ : K 
hypervitaminosis A leads to headache, nausea, vomiting F di ty eee 

i t y 
and drowsiness. In chronic cases resulting from prolonged (left eye affected). 
intake of excess vitamin A, the symptoms include anorexia 
(loss of appetite), dry itchy skin, alopecia (loss of hair), cracking of lips, generalised 
weakness and pain in bones and joints. 


1,2.5.B. VITAMIN D 


This fat soluble vitamin is clinically called antirachitic vitamin because it prevents 
rickets. Chemically it is a sterol and since in the body it is related mainly with 
calcium metabolism, it is also called ealeiferol. Vitamin D occurs in two forms— 
vitamin Dz and D3.Vitamin D3 is also called ergocalciferol since it originates from 
the plant sterol named ergosterol. Vitamin D3 is called cholecaleiferol as it originates 
from 7-dehydrocholesterol, an animal sterol. So, ergosterol and 7-dehydrocholesterol 
are provitamins Dz and Dy respectively. R 

© Sources : In natural foodstuffs, only small quantities of active vitamin D (D2 
or D3) is present. In animals, vitamin Dy is produced in skin from its provitamin 7- 
dehydrocholesterol by exposure of skin to U-V rays of sunlight, The provitamin D3 
itself is produced in the body. Hence, vitamin Ds is also considered as a hormone, 
Both vitamins and hormones are metabolic regulators but they are distinguished by 
the fact that the vitamins are to be taken through diet as they are not synthesised in 
the body, whereas hormones are synthesised in the body and hence not taken as food. 
Recently, vitamin D3 (cholecalciferol) is considered as a prohormone rather than 
the active hormone because for producing its actions, it is converted to 1,25 dihydroxy 
cholecalciferol or calcitriol which is the active hormone, Since vitamin D3 is 
synthesised in animal body, various foodstuffs of animal origin may contain this 
vitamin. Such food sources of vitamin Ds include fatty fishes like halibut, sardine 
and their liver oils, dairy products e.g., chicken, egg, milk, butter erc., 

In plants, vitamin D is absent. However, ergosterol, the provitamin Dz is found 
in plants. This compound can be artificially converted to active vitamin D} by 
exposure to U-V rays for commercial use, Vitamin Dz is totally absent in natural 
food. 

© Functions: The main function of vitamin D is to help in metabolism and 
utilisation of calcium and phosphorus in the body. For this, it stimulates— 
[1] absorption of Ca and P from intestine, [2] deposition of calcium salts on bones 
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and teeth for their growth and development, and [3] reabsorption of Ca from renal 
tubules. 

© Deficiency symptoms: Vitamin D deficieny leads to rickets in young and 
osteomalacia in adults. In rickets, 
the bones of the child are not 
properly calcified and remain 
cartilaginous. As a result of this, 
the long bones of the legs become 
soft and bowed by the weight of 
the body. Due to growth of 
cartilaginous tissue, enlargement 
of ankles, knee and wrist joints 
are seen. Other symptoms are 
beading of ribs, prominence of 
sternum (or pigeon chest) and 
delayed tooth eruption. 

In case of osteomalacia in 
adults, due to the decalcification 
of bones they become weak and 


Fig. 1.2 : Rickets due to vitamin D deficiency in fragile instead of being soft 
children showing marked bony deformities. becats Hones Sf Alt de not 


contain cartilage. 

© Hypervitaminosis D : Ingestion of excessively high amounts of vitamin D 
brings about increased blood level of Ca and P. As a results of this, various soft 
tissues e.g., arteries, kidney, heart, lung etc., become calcified. Renal calcification 
may cause failure of urine formation leading to toxicity and death. 


1,2.5.C. VITAMIN E 


Vitamin E is also known as antisterility vitamin or fertility vitamin clinically, 
because in its absence animals fail to reproduce. Chemically, it is an alcohol and is 
called tochopherol (tokos = child birth ; phero = to bear ; and the suffix-ol designating 
an alcohol), 

@ Sources.: Plants are the chief source of dietary vitamin E in nature. Almost 
all vegetables contain some amount of vitamin E. The best source of this vitamin is“ 
the vegetable oils like wheatgerm oil, cottonseed oil, safflower oil, corn oil etc. Leat 
of lettuce and alfalfa are also good sources. 

Foodstuffs of animal origin are generally poor source of vitamin E. Howeyer; 
liver, meat, egg etc., contain some amount of this vitamin but in fish oils, it is present 
in negligible quantities. 5 

@ Functions : In man, the exact functions of vitamin E are not clear primarily 
because cases of deficiency of this vitamin are rare. However, based on various 
experiments, it has been suggested that the following are the possible actions of 
vitamin E. 

[1] It helps in reproduction. In males, it is required for growth and maintenance 
of testicular germinal epithelium. In females, it helps to maintain sex cycles and 
pregnancy. 
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[2] It is required for maintaining the normal structure and function of skelètal 
muscles. 

[3] Vitamin E is an antioxidant. So, it prevents overoxidation and wastage of 
vitamin A, essential fatty acids and other materials that are required for maintenance 
of structure and function of various tissues. 

© Deficiency symptoms: [1] The chief symptom of vitamin E deficiency is 
sterility, characterised by degeneration of germinal epithelium in males and impairment 
of sex cycles and pregnancy in females. Although conception may occur the foetus 
dies. 

[2] Another symptom of vitamin E defiiency is muscular weakness and dystrophy. 


1.2.5.D. VITAMIN K 


Vitamin K is clinically known as coagulation factor or antihemorrhagic vitamin, 
Natural vitamin K occurs in two forms called vitamin K; and Ka. These are chemically 
napthoquinone type of compounds. Vitamin K; and K3 are chemically called 
phylloquinone and farnoquinone respectively. A synthetic product menadione is 
called vitamin K3 as it shows vitamin K activity. 

@ Sources: Vitamin K, is found in green leaves of alfalfa, spinach, lettuce, 
cabbage etc., and vegetable oils. Vitamin Kg is found in sun-dried fish and is also 
synthesised by intestinal bacteria. 


© Functions : [1] Vitamin K helps in coagulation of blood by promoting synthesis 
of prothrombin and some other coagulation factors in liver. 


[2] It may be involved in mitochondrial oxidative phosphorylation. 


© Deficiency symptoms: Deficiency of vitamin K in the body leads to an 
abnormally increased coagulation time and a tendency of spontaneous hemorrhage 
due to a fall in plasma level of prothrombin and other clotting factors. 


1.2.6. WATER SOLUBLE VITAMINS (DIETARY SOURCES : FUNCTIONS : 
DEFICIENCY SYMPTOMS) 


1.2.6.4. VITAMIN B COMPLEX 


It includes several water soluble vitamins. Although the members of vitamin B- 
complex differ chemically, they are placed in the same group because they all act 
as coenzymes and their actions are closely related. Some members of this group were 
named numerically as By, B2, Bg, B12 etc., but some others were not. So the vitamins 
of B-complex group are more widely known by their chemical names. 


Q THIAMINE $ 

It is also called vitamin Bi possibly because this was the first discovered member 
of vitamin B group. It is clinically called aneurin or anti-beriberi vitamin because 
it prevents neuritis and beriberi. 

© Sources: Vitamin Bi occurs in both plant and animal sources of food. The 
plant sources are seeds of pea, beans and soyabean, nuts and cereals like rice, wheat 
etċ., Actually the outer coatings of the above mentioned materials are rich in this 
vitamin, For this reason, whole wheat flour and unpolished rice having the reddish 
brown outer coating are good sourcés of vitamin BI but white flour and polished rice 
are not. Yeast is a very good source of it. Carrot, beet, onion, cauliflower, turnip, 


782 


A TEXT BOOK OF BIOLOGY 


orange etc.,, also contain this vitamin. Among the animal sources, the most important 
ones are meat, liver and egg-yolk but milk is a poor source. 


© Functions 


: [1] Thiamine acts as a coenzyme in the form of thiamine 


pyrophosphate (TPP). TPP takes part in (i) the oxidative decarboxylation reactions 
catalysed by the enzymes pyruvic dehydrogenase and d-ketoglutarie 


Fig. 1.3 ; A-Polyneuritis in 
pigeon due to thiamine deficiency, 
B-Normal healthy pigeon. 


dehydrogenase of TCA cycle, and (ii) transketolase 
reaction of pentose phosphate pathway (PPP). Thus, 
it is apparent that thiamine is involved in carbohydrate 
metabolism and energy production. 

[2] Thiamine also helps in nerve impulse 
transmission by forming some constituent of nerve 
membrane or the neurotransmitter acetylcholine. 

© Deficiency symptoms: Deficiency of vitamin 
B, leads to a disease called beriberi which is 
characterised by neuritis (inflammation of peripheral 
nerves) and weakness of nerves and muscles. Primary 
symptoms of beriberi are anorexia, nausea, vomiting, 
loss of weight etc. If the deficiency is prolonged, 
there may be paralysis of limbs, blindness and 
deafness. In extreme cases, death may occur due to 


cardiorespiratory failure resulting from paralysis of respiratory muscles and 


dysfunctioning of heart. 


Beriberi may be of two types— 


wet beriberi and dry beriberi. The wet 
beriberi is characterised by oedema 
and cardiac problems. The oedema is 
most prominent in legs and it may 
also be seen in face, trunk and serous 
cavities. In dry beriberi, the patient 
is emaciated. The progressive 
peripheral neuritis and muscle wasting 
causes weakness and walking 
becomes difficult. The patient needs 
the help of sticks to stand and walk 
and finally becomes bedridden. 


O RIBOFLAVIN 


Fig. 1.4 : Beriberi in thiamine deficiency 
(A-Wet beriberi, B-Dry beriberi) 


It is commonly known as vitamin Bz. No clinical name could be given to it 
because its deficiency does not produce a typical disease. It is a ribose sugar containing 


flavin compound. 


o Sources: Riboflavin is found in most of the natural foodstuffs. Yeast, germinated 
seeds (pea, gram, beans etc.) and leafy vegetables are good plant sources. Important 
animal sources include liver, meat, fish, egg and milk. 

@ Functions: [1] It acts as coenzyme of the enzymes called flavoproteins, in 
two forms— FAD (flavin adenine dinucleotide) and FMN (flavin mono nucleotide). 

The flavoproteins are oxido-reductases that take part in cellular respiration. 
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Examples of some such enzymes are— succinic dehydrogenase (of TCA cycle), 
acyl CoA dehydrogenase (of oxidation), amino acid oxidase (that catalyses 
oxidative deamination of amino acids) etc. 

[2] Vitamin Ba helps in general growth of the body and proper maintenance of 
health and functioning of ectodermal tissues like skin and oral mucosa. 

® Deficiency symptoms: Generally, deficiency of riboflavin alone does not 
occur because this vitamin is present in most natural foodstuffs. Often it is associated 
with deficiency of other vitamins. Riboflavin deficiency can be experimentally 
produced by feeding artificially prepared riboflavin free diet. The following are the 
main symptoms of riboflavin deficiency : 

[1] Seborrheic dermatitis (or rough, scaly skin particularly on nose, ear and 
forehead). 

[2] Cheilosis (or swelling and reddening of lips with angular fissures in it). 

[3] Glossitis (or magenta coloured inflammation of the tongue). 

[4] Corneal vascularisation, with itching eyes and photophobia. 


O NIACIN OR NICOTINIC ACID 


This vitamin has no special alphabetical (or numerical) name like that of vitamin 
Bı, Bo etc. This was originally known as pellagra preventing vitamin or P-P 
factor in short. Chemically, it was isolated as nicotinic acid, and its active form an 
amide was called nicotinamide (nicotinic acid amide). The older names, nicotinic 
acid and nicotinamide were later replaced by the terms niacin and niacinarhide 
respectively to avoid confusion that these compounds were related to nicotine 
physiologically. S 

@ Sources : It is found in many plant and animal products. Among the plant 
sources, it is abundant in yeast, legumes, peanuts and outer coat of cereals. Important 
animal sources are liver, meat, fish etc., Egg and milk are poor sources of this 
vitamin. It may also be synthesised from the amino acid tryptophan by the intestinal 
bacteria. 

© Functions: It acts as coenzymes in the form of NAD (nicotinamide adenine 
dinucleotide), NADP (nicotinamide adenine dinucleotide phosphate) and their reduced 
forms NADH? and NADPH) 
respectively. These coenzymes are | 
required for the action of various 
enzymes of dehydrogenase and 
reductase group that are involed in 
glycolysis, TCA cycle, pentose 
phosphate pathway, B oxidation of 
fatty acids, synthesis of fatty acids and 
cholesterol, and many other important 
metabolic pathways. 

@ Deficiency symptoms: In man, 
deficiency of niacin produces the 
disease called pellagra (from the 
Italian pelle agra, meaning rough Fig. 1.5 : Pellagra (rough skin and 
skin) with following symptoms : dermatitis) due to niacin deficiency. 
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[1] Dermatitis with red, itchy, dry, thickened, pigmented and desquamated skin. 
[2] Glossitis with red, swollen and inflammated tongue. 

[3] Diarrhea with anorexia, vomiting and loss of weight. 

[4] Dementia with irritability, anxiety and mental fatigue. 


Q PYRIDOXINE 

Previously it was called adermin or rat antidermatitis factor. It is now commonly 
known as vitamin Bg, It is active in two forms—Pyridoxal phosphate and 
pyridoxamine phosphate. Since this vitamin occurs in nature in the three above 
mentioned forms (i.e., pyridoxine, pyridoxal phosphate and pyridoxamine phosphate) 
having similar biological effects, each of them is called vitamin Bg. 

© Sources :Vitamin Bg is found abundantly in most of the food materials in 
which other members of vitamin B group are present. Some important plant sources 
are yeast and outer coating of cereals like wheat, rice, maize efc.,, and animal 
sources are meat, liver and egg yolk. 

© Functions : [1] Vitamin Bg acts as coenzymes in the form of pyridoxal phosphate 
and pyridoxamine phosphate in amino acid metabolism. These coenzymes are 
required for the actions of the enzymes involved in transamination, decarboxylation 
and deamination of amino acids. 

[2] It probably helps in absorption of amino acids from intestine. 

[3] It participates in muscle glycolysis. 

[4] It takes part in synthesis of sphingomyelin lipids that are constituents of 
myelin sheath of nerves. 

© Deficiency symptoms: Deficiency of pyridoxine alone is very rare because 
it is present in many food materials containing other vitamins. Therefore, deficiency 
of pyridoxine is often associated with deficiency of other vitamins too. Artificially 
created deficiency of pyridoxine showed variable symptoms in different cases such 
as convulsions, dermatitis, gastrointestinal abnormalities (e.g., nausea), microcytic 
anemia, neuropathy etc., 


Q PANTOTHENIC ACID 


The name pantothenic acid was given to this water soluble vitamin because of its 
widespread distribution (in Greek, it means ‘from everywhere’). Previously it was 
also called ‘filtrate factor’ or ‘chick antidermatitis factor’. 

@ Sources: It is widely distributed in nature. Animal products like liver, egg, 
milk and meat are very good sources. Sweet potato, legumes, nuts, fresh fruits and 
vegetables are important plant sources but they contain considerably less than the 
animal products. However, yeast is an outstanding source. Considerable amount of 
this vitamin is also synthesised by intestinal bacteria. 

© Functions : Being a constituent of coenzyme A, pantothenic acid is required 
in the formation and metabolism of acetyl CoA and acyl CoA and thereby involved 
in carbohydrate and lipid metabolism. Some important examples of metabolic pathways 
in which pantothenic acid (i.e, coenzyme A) is required are 

[1] TCA cycle and (formation of acetyl CoA from pyruvic acid, and succinyl 
CoA from a-ketoglutaric acid). 

[2] Synthesis and B-oxidation of fatty acids. 

[3] Cholesterol synthesis. 
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o Deficiency symptoms: Deficiency of pantothenic acid is very rare because it 
is present in most of the foodstuffs and synthesised in the intestine by bacteria. In 
man, experimentally produced deficiency of this vitamin shows gastrointestinal 
disorders, easy fatigue, disturbance in sleep and mental symptoms. However, symptoms 
like dermatitis, graying and loss of hair, fatty liver ete., may be seen in other animals. 


QO BIOTIN 


This water soluble vitamin was also named as vitamin H or anti egg-white 
injury factor. 

@ Sources: It is found widely in animal and plant products i.e., liver, kidney, 
egg yolk, milk, yeast, legumes, peanuts, molasses, tomato, green vegetables etc. It 
is also synthesised by intestinal bacteria. 

© Functions : Biotin acts as coenzyme for the enzymes catalysing carboxylation 
reactions (i e., addition of CO2 or CO% fixation). Some common examples of such 
enzymes are— 

[1] Pyruvate carboxylase, that catalyses adition of CO3 to pyruvic acid to form 
oxaloacetic acid (which is required for TCA cycle, transamination etc.,). 

[2] Acetyl CoA carboxylase, that forms malonyl CoA by adding CO3 to acetyl 
CoA for fatty acid synthesis. 

[3] Propionyl CoA carboxylase, which is required for oxidation of propionic 
acid and neoglucogenesis. 

@ Deficiency symptoms: Deficiency of biotin does not normally occur due to 
its lack in diet because it is widely distributed in nature and is also synthesised by 
the intestinal bacteria. Deficiency of biotin may occur due to (i) antibiotic therapy 
that kills the intestinal bacteria or (ii) presence of excess raw egg-white in diet 
because it contains a protein avidin which is antivitamin of biotin. Avidin is inactivated 
on boiling. Biotin deficiency in man produces dermatitis, anorexia, pain, fatigue and 
weakness of muscles. 


Q FOLIC ACID 


The name folic acid was derived form the Latin word ‘folium’ maning ‘leaf’ 
because it was first obtained from spinach leaf and it was found to be widely 
distributed in green leaves. It was also called vitamin M (M for monkey) because it 
was found to be necessary for blood formation in monkeys. Chemically, it is pteroyl 
glutamic acid. The names folinie acid and folacin are now used as synonyms of 
folic acid. 

© Sources : As already mentioned, folic acid is widely distributed in green leafy 
vegetables e.g., spinach, curry leaves, mint, cabbage etc., It is also abundantly found 
in yeast, liver, kidney etc., and is synthesised by intestinal flora. 

@ Function: Folic acid acts as a coenzyme in its reduced form tetrahydrofolic 
acid which is involved in reactions concerning transfer of one carbon groups (e.g., 
methyl, formyl, formimino, etc.) or metabolism of one carbon compounds. Such 
reactions are important in metabolism of amino acids and nucleic acids, particularly 
synthesis of DNA and thereby cell division. Thus, folic acid promotes formation of 
red and white blood cells. 

© Deficiency symptoms: Folic acid deficiency is produced by drugs killing the 
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intestinal microflora or folic acid antagonists (e. g., aminopterin). The main symptoms 
of folic acid deficiency are megaloblastie or macrocytic or pernicious anemia 
(characterised by large, nucleated RBC with little hemoglobin) and leucopenia (fall 
in number of WBC). In some cases, diarrhea and gastrointestinal lesions may also 
be associated with the above mentioned symptoms. 


Q COBALAMINS 


Earlier, this water soluble vitamin was termed anti pernicious anemia factor or 
Castle’s extrinsic factor or vitamin B42. As it is a compound of cobalt, it is called 
cobalamin. Several active forms of this vitamin are known e.g., cyanocobalamin, 
hydroxycobalamin, nitrocobalamin, chlorocobalamin etc. All these are grouped as 
vitamin B12. 

@ Sources: Vitamin Big is not found in foodstuffs of plant origin. It is abundant 
in animal products e.g., liver, meat, fish, egg yolk, milk, cheese etc., In man, vitamin 
B12 is synthesised by intestinal bacteria but this is not adequate to meet its requirement. 
However, sufficient vitamin Bj is synthesised in the stomach of herbivorous animals 
by the action of bacteria. 

@ Functions: Cobalamins act as coenzyme in the form of cobamide which is 
involved in the formation of DNA. It also helps in the action of folic acid. Thus, it 
indirectly helps in protein synthesis and cell division and thereby blood cell formation, 
general growth etc., 

© Deficiency symptoms : Vitamin BI deficiency produces two types of 
disorders— 

[1] Pernicious or megaloblastic or macrocytic anemia which is characterised 
by reduction of RBC count and hemoglobin content of blood and presence of 
abnormally large and immature erythrocytes (called macrocytes or megaloblasts) 
containing low level of hemoglobin. 

[2] Disorers of nervous system including demyelination and degeneration of 
nerves, loss of sensation and even paralysis. 

It can be mentioned here that folic acid deficiency also causes pernicious anemia 
but it is not associated with neural disorders, Vitamin Big deficiency may occur in 
those who are strictly vegetarians because plant products do not contain this vitamin. 
The most important cause of vitamin Biz deficiency is the failure of its absorption 
from intestine due to lack of Castle’s intrinsic factor in gastric juice. 


1.2.6.B. VITAMIN C 


Vitamin C is clinically called antiscorbutic vitamin since it prevents the disease 
called scurvy. Chemically, it is an acid called ascorbic acid. Its oxidised form 
dehydroascorbic acid is also biologically active as vitamin C. 

© Sources: Vitamin C is present in more or less all fruits and vegetables. Citrus 
fruits e.g., lemon, orange, amlaki, pineapple, mango etc., are outstanding sources. 
Fruits and vegetables contain an enzyme called ascorbic acid oxidase which inactivates 
ascorbic acid by oxidising it when exposed to oxygen. For this reason, if cut fruits 
and vegetables are kept exposed to air, the ascorbic acid contained in them is 
remarkably reduced. Dry legumes and pulses, yeast, maize, wheat and animal products 
like fish, meat, milk efc., contain negligible amount of this vitamin. 
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Many animals except the primates (e.g,, man, monkey, efc.), guineapig and some 
others can synthesise ascorbic acid in their liver and hence, they do not depend on 
dietary ascorbic acid. So, ascorbic acid can be considered as a hormone in these 
animals, 

@ Functions : [1] The primary function of ascorbic acid in the body is to act 
as coenzyme for oxidation-reduction and hydroxylation reactions, and thereby it 
takes part in- [A] metabolism of amino acid, [B] synthesis of collagen and other 
intercellular cementing materials, [C] iron absorption and [D] formation of 
adrenocortical hormones. 

[2] Ascorbic acid also exerts the following functions that are secondary to its 
above mentioned actions—[A] formation of connective tissues, maintenance of the 
integrity of tissues like bones, teeth and capillaries, and wound healing (by forming 
intercellular cementing material) ; [B] erythropoiesis (by promoting absorption of 
iron for hemoglobin synthesis) ; and [C] anti-stress action (through synthesis of 
adrenal corticoids). 

© Deficiency symptoms: Deficiency of vitamin C produces a disease called 
scurvy which is chracterised by defect in formation 
and maintenance of intercellular cementing 
material and connective tissue. The chief symptoms Wr N 
are as follows : Dyess A 

[1] Failure of wound healing. [2] Fragility of 
capillaries and tendency of hemorrhage. Fig. 1.6 : A-Spongy and bleeding 
[3] Defective formation and loosening of teeth gums in scurvy (vitamin C deficiency), 
associated with spongy and bleeding gums. BENormal healthy gums: 

[4] Skeletal weakness and fragility of bones. [5] Anaemia due to hemorrhage and 
impaired absorption of iron. [6] Skin rash. 


m REVISION 


Vitamins— Essential organic constituents of food that are required in minute 
quantities. 
Provitamin— A compound which is precursor of a vitamin. 

Antivitamin— A compound which antagonises the function of a vitamin. 
Pseudovitamin— False vitamin i.e., a substance having structural but not 
functional resemblance with a vitamin. 

Avitaminosis— A pathological state of deficiency of a vitamin, 
Hypervitaminosis— A pathological state due to excess vitamin intake. 
Antinyctalopic vitamin— Vitamin A or Retinol. 

Antirachitic vitamin Vitamin D or Calciferol. 

Antisterility vitamin— Vitamin E or Tocopherol. 
Antihemorrhagie vitamin— Vitamin K or Napthoquinone. 
Antiberiberi vitamin Vitamin B. or Thiamine. 

Pellagra preventing factor— Niacin or Nicotinic acid. 
Adermin— Pyridoxine or Vitamin Bo, 

Anti-eggwhite injury factor— Biotin. 

Antiscorbutic vitamin— Vitamin C or Ascorbic acid. 
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Table—1.1 : Summary of the daily requirements, chief sources, functions 
and deficiency symptoms of vitamins. 


FAT SOLUBLE VITAMINS 


Name of the Daily Physiological Deficiency 
vitamin requirements functions symptoms 


Adults—750 pg. | In Plants (as [1] Synthesis of III Nyctalopia 
Lactating woman- carotene)-carrot, | visual pigments in | (night blindness), 
1150 ug. tomato, mango, retina and sensa- | Xerophthalmia 
Children— cabbage, lettuce efc, tion of vision. (drying of 

250-600 pg. The | In Animals-liver, | [2] Structural and | conjunctiva), 
requirement of | fish liver oils, fat, | functional integrity Keratomalacia 
carotene is 4 times} kidney, egg yolk, of epithelial cells. (ulceration and 

the requirement of] milk, butter, ghee | [3] Growth, repro- softening of cornea) 
retinol. etc., duction and and finally blindness. 
metabolism ; [2] Roughness of 
[4] Keeps the skin | skin (toad-skin) ; 
smooth, moist and | [3] Secondary 
healthy. infections. 


Vitamin A or 
Retinol or 
Antixerophthalmic 
vitamin or 
Anti-nyctalopic 
vitamin, 


Rickets 
(malformation of 
bones) in young and 
osteomalacia 
(fragility of bones) 
in adult. 


In Plants—not Calcium and 
found. phosphorus 

In Animals—fatty] metabolism by 
fishes and their promoting— 
liver oils, dairy [1] absorption of 
products e.g., Ca and P from 
chicken, egg, milk, | intestine, 

butter efc. ; [2] deposition of 
produced in skin Ca and P on bones 
by exposure to and teeth for their 
sunlight. growth and 
maintenance, 

[3] reabsorption of 
Ca from kidney. 


Vitamin D or 
Calciferol or 
Anti-rachitic 
vitamin, 


Adults—2.5 pg. 
(this can be supplied 
by cutaneous 
biosynthesis in 
tropical countries). 
Children and 
lactating or 
pregnant woman— 
5 ug. 


Plants (main 
source)-vegetable 
oils, leaves of 
lettuce and alfalfa. 
Animals (poor 
source)-liver, 
meat, egg. 


Vitamin E or 
Tochopherol or 
Anti-sterility 
vitamin. 


Adults 25-30 mg. 
Children— 
10-20 mg. 


[1] Helps in [1] Sterility, 
reproduction, [2] Weakness and 
[2] Maintenance off dystrophy of skeletal 
structure and muscles. 

function of skeletal 
muscles. [3] Acts 
as anti-oxidant. 


Vitamin K or 
Napthoquinone 
(Phylloquinone and 
Farnoquinone) or 
Anti-hemorrhagic 
vitamin. 


Adults—140 mg. 
Pregnant or 
lactating woman— 
200 mg. 
Children— 
30-60 mg. 


In Plants—green 
leaves e.g., alfalfa, 
lettuce, spinach, 
cabbage etc. 

In Animals—dried 
fish ; synthesised 
by intestinal 
bacteria. 


Helps in prothro- | Delayed 
mbin synthesis for | coagulation and 
coagulation of tendency of 
blood. spontaneous 
hemorrhage. 
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WATER SOLUBLE VITAMINS 

Name of the Daily Physiological Deficiency 

vitamin requirements functions symptoms 

Thiamine or 


Adults—1-2 mg. Acts as a coenzyme} Beriberi (neuritis, 
Vitamin Bi or Children—0.5-1 mg. (TPP) in oxidative | weakness of nerves 
Anti-beriberi decarboxylation and muscles, 
vitamin or Aneurin and transketolase | anorexia, vomiting, 
reactions of paralysis and even 
carbohydrate blindness or 
metabolism. deafness). 


In Plants—yeast, 
outer layer of 
cereals, peanuts, 
beans etc. 

In Animals—liver, 
egg-yolk and meat. 


[1] Seborrheic 
dermatitis (rough, 
skin), [2] Cheilosis 
(angular fissure of 
lips), [3] Glossitis 
(tongue 

inflammation). 


Riboflavin 
or 
Vitamin Ba. 


[1] Acts as 
coenzyme (FAD or 
FMN) of 
dehydrogenases and 
amino acid 
oxidases. 

[2] Maintenance of 
skin and mucosa. 


Adults—1-2 mg. 
Children— 
0.7-1.2 mg. 


In Plants—yeast, 
germinated seeds, 
leafy vegetable. 
In Animals—liver, 
meat, fish, egg and 
milk. 


Adult man— In Plants—yeast, | Acts as coenzyme Pellagra 


Nicotinic acid or 


Niacin or Pellagra | 16-26 mg. legumes and cereals. (NAD or NADP) of | (dermatitis, glossitis, 
preventing vitamin. Adult woman— In Animals liver] dehydrogenases and diarrhea, dementia). 
13-20 mg. meat, fish, reductases required 


in carbohydrate and 
lipid metabolism. 


Children—8-14 mg] synthesised by 


intestinal bacteria. 


Occurs rarely; 
convulsions, 
dermatitis, gastro- 
intestinal 
abnormalities, 
microcytic anemia, 
neuropathy. 


Acts as coenzyme 
(pyridoxal phos- 
phate or pyridoxa- 
mine) in amino acid 
metabolism 
(transamination, 
deamination and 
decarboxylation). 


Adults—2mg. 
Pregnant and 
lactating woman— 
2,5 mg. 
Children— 
0.6-1.4 mg. 


In plants—yeast, 
cereals 

In Animals—liver, 
meat, egg yolk. 


Acts as coenzyme A 
in carbohydrate and 
lipid metabolism. 


Occurs rarely; 
gastrointestinal 
disorders, easy 
fatigue, sleep 
disturbance, mental 
symptoms. 


Animals (main 
source)—liver, 
egg, milk and meat. 
Plants—sweet 
potato, legumes, 
nuts, fresh fruits 
and vegetables. 
Synthesised by 
intestinal bacteria. 


Adults—6-8 mg. 
Children—3-5 mg. 


Pantothenic acid. 


Dermatitis, anorexia, 
pain and fatigue of 
muscles. 


Acts as coenzyme in 
carboxylation 
reactions. 


Aults—200 pg. 
Pregnant or 
lactating woman- 
250 pg. 
Children— 
60-100 ug. 


Plants—yeast, 
legumes, peanuts, 
molasses, tomato, 
green vegetables. 
Animals—liver, 
egg-yolk, milk, 
synthesised by 
intestinal bacteria. 


Biotin or Vitamin 
or Anti-egg white 
injury factor. 
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Name of the Daily Physiological 
vitamin requirements functions 


Deficiency 
symptoms 


Folic acid or Adults—100 ug. | Plants—yeast. Acts as coenzyme |Megaloblastic or 
Folinic acid or Pregnant woman green leafy, (tetrahydrofolic maeroeytie or 
Folacin 300 ug. vegetables. acid) in one carbon | pernicious anemia 


Children— 
50-100 ug. 


(large, nucleated 
RBC with low 

hemoglobin) and 
leucopenia. 


metabolism; syn- 
thesis of DNA, cell 
division and forma- 
tion of blood cells. 


Animals liver, 
kidney, intestinal 
bacteria. 


Pernicious anemia 
and disorders of 
nervous system. 


In Plants not 
found. 

In Animals liver, 
meat, fish, egg yolk, 
milk, intestinal 
bacteria. 


Cobalamins or 
Vitamin Bj or 
Anti-pernicious 
anemia factor, 


Adults Ing. 
Pregnant or 
lactating woman 


1.5 ug. 
Children —0.2-I ug 


Acts as coenzyme 
(Cobamide) in the 
formation of DNA 
and proteins ; helps 
in blood cell 
formation. 


Plants—citrus fruit 
fresh vegetables, 
germinating seeds. 
Animals— 
negligible. 


Vitamin C or 
Ascorbic acid or 
Antiscorbutic 

vitamin. 


Adults—50 mg. 
Lactating woman— 
80 mg. 
Children— 
20-40mg. 


Scurvy (delayed 
wound healing, 
tendency of 
hemorrhage, 
loosening of teeth, 
spongy bleeding 
gums), 


Acts as coenzyme 
for oxidation, 
reduction and 
hydroxylation 
reactions. Helps in 
formation of colla- 
gen and intercellular 
cementing materials, 
integrity of tissues 
and capillaries, 
wound healing, 
erythropoiesis and 
fight against stress. 


1.2.7. VITAMINS AND ENZYME ACTION 

Most of the vitamins of B-complex group act as coenzymes. In fact, those water 
soluble vitamins which have ‘coenzyme’ activity are grouped as ‘B-complex vitamins’. 
So, these vitamins play important role in the action of different enzymes and thereby 
various metabolic pathways. The coenzymes are usually the active form of the vitamins. 
Table 1.2 shows the coenzyme form of the vitamins, a few examples of the enzymes 
using these coenzymes and their metabolic role (i.e., the processes in which these 
enzymes are required.) 


Table-1.2 : Coenzyme activity of B-complex vitamins. 


i TPP (Thiamine Pyruvic dehydrogenase. TCA cycle. 
(Vitamin BI). pyrophosphate). o-Ketoglutaric dehydrogenase. | TCA cycle. 


Riboflavin FAD (Flavin adenine Succinic dehydrogenase. TCA cycle. 
(Vitamin B2). | dinucleotide). Acyl CoA dehydrogenase. B- oxidation of fatty acids. 
Amino acid oxidases. Deamination. 


NAD (Nicotinamide Glyceraldehyde-3- 


adenine dinucleotide). | phosphate dehydrogenase. Glycolysis. 
Pyruvic dehydrogenase. TCA cycle. 
Isocitric dehydrogenase. TCA cycle. 
«-Ketoglutaric dehydrogenase. | TCA cycle. 


Malic dehydrogenase. TCA cycle. 
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NADP (Nicotinamide | Glucose-6-PO,4 dehydrogenase. | PPP. 
adenine dinucleotide 
phosphate). 
Pyridoxal-PO, and 

Pyridoxamine- PO4. 


Pyridoxine 
(Vitamin B6). 


Transaminases or Amino- 
transferases, 
Amino acid decarboxylases. 


Coenzyme A. Glycogen phosphorylase. 
Pyruvate dehydrogenase. 
a-Keto glutaric dehydrogenase. 
Fatty acid thiokinase and 
Thiolase. 
in gluconeogenesis, fatty 


Carboxylases. 
acid synthesis etc. 


Folic acid. Tetrahydrofolic One carbon (Ci) group Cı metabolism in amino 
acid. transferases. acid metabolism. 


Cobalamin Cobamide. Methyl malonyl CoA 
(Vitamin B12). 


isomerase. 
1.2.8. NUTRITIONAL IMPORTANCE OF MINERALS 


Several mineral elements are required for growth and proper maintenance of structure 
and function of the body. Hence, these are essential constituents of diet. But their 
dietary requirements are much lower than carbohydrate, protein and fat because these 
are not used in the body as fuels. The mineral elements are used in the body in the form 
of inorganic salts or organic compounds or ions for various purposes. Some ions are 
required for oxidation of carbohydrate, protein and fat as cofactors. Thus, the minerals 
are indirectly used (i e., not as fuels) for supply of energy in the body. 

Seven mineral elements e.g., sodium (Na), potassium (K), chlorine (Cl), calcium 
(Ca), phosphorus (P), magnesium (Mg) and sulphur (S) are required in relatively larger 
quantities and are grouped as macro-elements. On the other hand, at least seven other 
elements, e.g., iron (Fe), copper (Cu), iodine (1), manganese (Mn), cobalt (Co), zinc 
(Zn) and molybdenum (Mo) are also essential for the body but are required in much 
lower quantities than the former group ; hence, these are grouped as trace elements or 
micro-elements. The minerals required for our body are obtained mainly in the form 
of mineral salts present in food and bevarages. When a salt dissolves in water, it 
dissociates into its constituent ions. Salts are therefore ionic compounds that are 
decomposed by electricity and their free ions enable the passage of electric currents ; 
hence, they are classed as electrolytes. In our body, the important cations are—Nat, 
K+, Ca2*, Mg2*, Cu2*, Fe?* and Fe**. Important anions are— chloride (CI), bicarbonate 
(HCO), nitrate (NO73), phosphate (H POy), sulphate (SO42>) and iodide (I-). Though 


Transamination. 
Decarboxylation of amino 
acids. 


Pantothenic 
acid. 


Glycolysis, Glycogenolysis. 


TCA cycle. 
TCA cycle. 


Activation of fatty acids 
and their metabolism 
(B-oxidation et.). 


Carboxylation (CO2 
fixation) reactions involved 


Neoglucogenesis. 


Ribonucleotide reductase. DNA synthesis. 
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minerals are needed in very small quantities, their absence in our diet may cause disease 
and death. 

@ Importance (or functions) of minerals in the body: The functions of mineral 
salts or their derivatives are varied but their role in our body can be summarised as 
follows. : 

[1] As constituents of structures : Phosphorus is a constituent of nucleic acids, 
chromosomes and cell membranes. Calcium and phosphorus are required for bone 
formation. 

[2] As constituent of various chemicals: P is found in high energy compounds 
e.g., ATP ; Cu and Fe are constituents of some enzymes e.g., catalase ; I is found in 
thyroid hormones ; Fe is required for hemoglobin synthesis, and so on. 

[3] As metabolic activators : Certain ions activate enzymes or act as cofactors, 
e.g., Mg for kinases, Zn for carbonic anhydrase etc. P is required as phosphate for 
activation of sugars. 

[4] Anion-cation balance: Na+, K* and CI are particularly important in this regard 
they are required for maintaining the ionic balance between the two sides of the biological 
membranes. This is required for transmission of impulses in nerves, muscles and sensory 
cells. 

[5] Maintenance of osmotic pressure : Mineral salts, together with other solutes 
determine the osmotic pressure of cells and body fluids. 

The daily requirements, main dietary sources, physiological functions and symptoms 
of deficiency and excess of the minerals are summarised in Table-1.3. i 

Table-1.3. Summary of the daily requirements, sources, functions and 
symptoms of deficiency and excess of minerals. 


MACROELEMENTS 
Name of the | Daily Physiologi Symptoms of 
mineral requirements functions deficiency & excess 
Sodium (Na) | Adults— Table salt, salted Maintains— Deficiency— 
1100-2000 mg. fish or meat, [1] excitability of Dehydration, fall of 
Children— pickles, salted nuts, | tissues ; ECF volume and 


350-800 mg. butter, cheese, [2] extracellular blood pressure, loss 


Vegetables and fluid (ECF) balance; | of body weight. 
drinking water [3] osmoregulation; | Excess—Rise in 
also contain some [4] blood pressure; | ECF volume and 


amount. [5] composition of 
digestive juices and 
[6] glucose absorp- 
tion from intestine. 


blood pressure. 


Adults— 
1400-2000 mg. 
Children— 
500-1000 mg. 


Maintains— 
[1] excitability of 
tissues ; 

[2] intracellular 
fluid balance ; 

[3] acid base 
balance ; 

[4] action of certain 
enzymes as 
cofactors and 

[5] 02 and CO, 
carriage by blood. 


Potassium (K) Beef, pork, chicken, 
unrefined salt, dates, 
pineapple, orange, 


banana, molasses. 


Deficiency— 
Increased heart rate, 
renal damage, 
polyuria, muscular 
weakness and 
paralysis. 
Excess—Slowing of 
heart, fall of blood 
pressure, muscular 
weakness and 
depression of 
nervous system. 
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mineral requirements functions deficiency & excess 


Chlorine (Cl) | Adults— Same as that for Na | Maintains— Deficiency 
1500-5000 mg. and K because Cl 
Children— remains as NaCl 
500-4000 mg. and KCl in these 
materials. 


[1] osmotic pressure | (generally associated 
and fluid balance; ¶ with Na deficiency)— 
Calcium (Ca) | Adults— Milk, cheese, curd, 
500 mg. hard water, lime, 


[2] blood pressure ; Excessive vomiting 
[3] formation of may deplete CI- with 
gastric HCI ; gastric contents 
[4] action of certain leading to alkalosis 
enzymes as cofactor.| due to accumulation 
Pregnant/Lactating | dark green leaves, 
woman— carrot, cabbage, 
1000-1200 mg. pulses etc. 
Children— 
400-700 mg. 


of more HCO}. 


Deficiency— 
Rickets and 
osteomalacia, tetany 
(neuromuscular 
hyperexcitability, 
muscle spasm, pares- 
thesia), dental decay, 
Excess—Hypotonia 
of muscles, fatigue, 
anorexia, 
constipation etc. 


[1] Formation of 
bones and teeth. 
[2] Growth. 

[3] Coagulation. 
[4] Enzyme action. 
[5] Muscle 
contraction. 

[6] Neuromuscular 
transmission. 

[7] Membrane 
permeability. 
Formation of— 
[1] bones & teeth ; 
[2] phospholipids ; 
[3] nucleoproteins ; 
[4] coenzymes (e. g., 
NAD, NADP, FAD 
etc.) ; 

[5] phosphate 
buffers (for acid 
base balance) ; 

[6] high energy com- 
pounds e.g., ATP (for 
active processes). 


[1] Required for 
bone growth and 
enzyme actions. 
[2] Reduces 
neuromuscular 
irritability. 


Deficiency— 
Malformation of 
bones & teeth ; 
rickets ; poor growth. 


Phosphorus (P) Adults—800 mg. 
Pregnant/Lactating 
woman—1200 mg. 
Children— 


500-700 mg. 


Same as Ca ; protein| 
rich food e.g., meat, 
fish, egg etc. 


Deficiency— 
Neuromuscular 
hyperexcitability 
(tetany like); cardiac 
arrythmia. 
Excess—Paralysis, 
insomnia, 
unconsciousness etc. 
Deficiency—does 
not occur unless 
there is a deficiency 
of protein in diet. 


Adults—350 mg. 
Pregnant/Lactating 
woman—500 mg. 
Children— 
150-250 mg. 


Vegetables, cereals, 
meat, nuts, dry peas, 
beans etc. 


Magnesium 
(Mg) 


Formation of— 
[1] body proteins 
e.g., (a) enzymes, 
(b) hormones 
(insulin, ADH etc.), 
(c) keratin of nail 
and hair, 

(d) chondroitin 
sulphate of 
cartilage, bone & 
tendon, (e) heparin ; 
[2] sulpholipids of 
brain ; 

[3] coenzymes 
(glutathione, 
coenzyme A) and 
[4] sulphates for 
detoxication. 


Protein rich food 
e.g., meat, fish, egg, 
pulses, soyabeanetc. 
(because all proteins} 
contain S containing} 
amino acids which 
are the main source 
of S). Inorganic. 
sulphates present in 
food are not utilised 
in animal body. 


Sulpher (S) Adequate protein 
intake fulfils the 


requirement of ‘S’. 
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MICROELEMENTS OR TRACE ELEMENTS 


Name of the | Daily Physiological Symptoms of 
mineral requirements functions deficiency & excess 


Iron (Fe) Adult man—25 mg.] Liver, meat, egg Helps in carriage of | Deficieney— 
Adult woman— yolk, fish, flour, O% and oxidation Hypochromic 
35 mg. green leafy reactions by microcytic 
Pregnant woman— | vegetables, date, forming heme anemia (low 
40 mg. fig, legumes, nuts, | compounds e.g., hemoglobin content 
Children— molasses etc., (Milk] hemoglobin, of blood with 
15-20 mg. is a poor source). | myoglobin and smaller red cells). 
oxidative enzymes | Excess— 
(cytochromes etc). | Hemochromatosis 
(an excess iron 
accumulation in 
tissues, bronze skin, 
diabetes mellitus). 


Copper (Cu) | Adult—3 mg. Green leafy Takes part in the— | Deficiency (rare in 


Pregnant woman— | vegetables, nuts, dry} [1] action of some | adults; may occur 
3.5 mg. legumes, liver, fish | enzymes ; in infants, because 
Children— ete. [2] utilisation of milk lacks Cu)— 
1,5-2.5 mg. Fe for hemoglobin | Anemia and 
synthesis ; depigmentation of 


[3] formation of hair and skin. 
hemocyanin 

(respiratory pigment 
of prawn eic. ). 


Iodine (I) Adults—150 ug. Sea fishes, iodized | Synthesis of thyroid | Deficiency— 
Pregnant woman— | salt. hormones Hypothyroidism. 
175 ug. with goitre 
Children— (enlarged thyroid). 
70-120 ug. 

Manganese Adults—S mg. Whole grain cereals} Helps in— Deficiency (very 

(Mn) Children— legumes, green leafy [1] reproduction ; | rare)—Impaired 


0.5-3 mg. vegetables, tea, liver} [2] action of some | reproduction & bone 


etc. enzymes ; growth. 
[3] bone and blood | Excess (in mine 
formation. workers) 


psychotic symptoms. 


Cobalt (Co) Not known. Food containing Formation of Deficiency— 
Adequate vitamin B12. Big and Pernicious anemia 
vitamin Big intake erythropoietin and | due to lack of 
fulfils the thereby RBC. vitamin Biz. 
requirement of Co. 


Zinc (Zn) Adults—1I5mg. 
Pregnant and 
lactating 
woman—20-25mg. 


Children—3-10 mg. 


Unmilled cereals, 
legumes, maize, 
spinach, lettuce and 
many vegetables, 
fish, liver eic. 


Helps in— 
[1] action of some 
enzymes and 
hormones ; 

[2] reproduction ; 
[3] growth and 
health of skin. 


Helps in action of Deficiency— 


Deficiency (rare)— 
defects in growth 
and reproduction. 


Molybdenum | Adults 0,15-0.5 mg.] Leaves of coriander 


(Mo) Children— & fenugreek, some enzymes as Retardation of 
0.05-0.3 mg. ground nut, cofactors. growth in animals. 
mustard seeds, erc. Excess—Increased 


proneness to gout. 
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1.2.9. MINERALS AND ENZYME ACTION 


The activity of many enzymes depends on the presence of metal ions (minerals) 
that act as cofactors. Such enzymes are of two types—[t}meral activated enzymes in 
which the metal ions remain loosely bound to the enzymes to activate them, and 
[2] metalloenzymes, in which the metal ions remain very tightly bound to the enzymes 
as an integral part of the enzymes. 

Table-1.4 shows some common examples of enzymes requiring mineral ions and 
their physiological role. 


Table—1.4 : Enzymes requiring different minerals for their activity. 


Minerals (ions) 2 Physiological role 
Possim K? a T 
Chloride (CI) Amylases (Ptyalin & Amylopsin) Digestion of starch 


Calcium (Ca) Myosin ATP-ase Muscle contraction 
Glycogen synthase Glycogenesis 

Phosphorus (PO,3-)_ | Enzymes using TPP, NAD, NADP,| General metabolism 
FAD etc., as coenzymes. (respiratory mtabolism) 


Phosphorylase Glycolysis ; Glycogenolysis 
Hexokinase, Phosphofructokinase [Glycolysis | 


Glucose-6-PO, dehydrogenase & | Pentose phosphate 
Transketolase pathway (PPP) 


Fatty acid thiokinase Fatty acid metabolism 
(B-oxidation) 


Magnesium (Mg?*) 


Sulpher (S) 


Iron (Fe2* or Fest) 


Carbohydrate and fat 
metabolism. 


Enzymes using coenzyme-A 
(CoA-SH) e.g., pyruvic 
dehydrogenase, 0.-Keto glutaric 
dehydrogenase, thiokinase etc. 


Electron transport system 
(ETS) 


Peroxidases & Catalases Metabolism of hydrogen 
peroxide 


Succinic dehydrogenase 


Isocitric dehydrogenase 


Zinc (Zn**) 2 z ee ; 
Carboxypeptidase Digestion of protein 


2+) 


Copper (Cu* or Cu 


Manganese (Mn?*) 
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1.2.10. NUTRITIONAL IMPORTANCE OF WATER 

Living organisms first originated in water. Life without water is impossible. Water 
constitutes about 50-70% of our body weight. Water is considered as the most important 
constituent of our food because an animal without water would survive shorter than if 
it were deprived of any other constituent of food. Water of the body comes from two 
sources : [1] exogenously from food and drinks and [2] endogenously from oxidation 
of carbohydrate, protein and fat during cellular respiration. 


@ Importance (or functions) of water in the body : 

[1] Solvent action—Water is the chief solvent of body fluids and thereby it serves as 
the medium of carriage of materials and also the medium of metabolic reactions. 

[2] Action as a reactant— Water acts as a reactant in metabolic reactions like 
hydrolysis and hydration. 

[3] Homeostatic function-It helps to maintain—(a) excitability of cells, (b) cellular 
and extracellular fluid volume, (c) osmoregulation, (d) thermoregulation, (e) lubrication 
and moistening etc. 


1.3. Respiratory Quotient 


Definition: Respiratory quotient or RQ is the ratio of the volume of CO, produced 
over the volume of Oz consumed by an individual in a given time. 


Volume of CO, produced in a given time 


RQ = 


Volume of O, consumed during the same time 


Determination of RQ: RQ of an individual is determined by measuring the 
Volume CO, production and O, consumption of the individual in a given time, with 
the help of Douglas bag. 


© Normal value of RQ and factors affecting it: The normal value of RQ for a 
resting, healthy, adult man taking a normal mixed diet is 0.85. The value of RQ is 
affected by various factors : 


[1] Type of food oxidised : The RQ for oxidation of carbohydrate, fat and protein 
differ because their molecules contain C, H and O atoms in different proportions. 


[A] RQ for carbohydrate oxidation (i. e., when carbohydrate alone is oxidised) is 
1.0 because in this case, the volume of CO, produced equals to the volume of O2 
consumed. 


C6H1206 + 602 > 6CO, + 6H30. — RQ = s =10, 

(Glucose) 

[B] RQ for fat oxidation (i.e., when fat alone is oxidised) is 0.7 because in this 
case, the O consumption exceeds CO, production. This is due to the fact that fat 
molecules contain much less oxygen in relation to their carbon atoms. For example, 
when tripalmitine is oxidised the reaction is— 


2051 Hog Og + 145 02 > 102 C02 +98 HzO. ~ RQ = — = 07. 


(Tripalmitine) 
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[C] RQ for protein (amino acid) oxidation is about 0.8. 
For example, in case of oxidation of the amino acid alanine, the reaction is— 


5 
2C3H702N + 602 > CO(NH))2 + 5CO,+5H,0. ~. RQ= 6 = 0.8. 
(Alanine) (urea) 


Thus, in conditions when carbohydrate is oxidised as the chief fuel (e. g. after meals) 
the RQ rises and approaches 1.0 ; whereas when fat is oxidised as the chief fuel (e.g., 
in fasting or diabetes mellitus), RQ falls to nearly 0.7. 

[2] Interconversion between carbohydrate and fat : When carbohydrate is 
converted to fat, the RQ becomes greater than 1.0 because in this case, a oxygen-rich 
substance carbohydrate is converted to a oxygen-poor compound fat. The excess O 
liberated from carbohydrate is utilised in oxidation so that O2 consumption from inspired 
air is reduced. Conversely when fat is converted to carbohydrate (e. g., in starvation, 
diabetes mellitus) the RQ falls and approaches 0.7. 

[3] Changes in respiration : (a) In certain conditions like acidosis, rise of body 
temperature (e. g., fever) and heavy exercise, breathing is increased leading to washing 
out of more CO; from blood but the O consumption does not increase proportionately ; 
so the RQ rises and may even exceed 1.0. Conversely in alkalosis, the RQ falls as the 
body retains CO; (i.e., less CO2 is breathed out). 


© Significance of RQ: 


[1] RQ is an indicator of metabolic status. Although it does not give any idea 
about the quantity of nutrients being oxidised in the body, it indicates the relative 
proportion of carbohydrate fat and protein oxidation. Rise and fall of RQ indicate 
oxidation of more carbohydrate and fat respectively. RQ also gives an idea about 
interconversion between carbohydrate and fat. For example, RQ higher than 1.0 denotes 
lipogenesis from carbohydrate. 

[2] Determination of RQ is necessary for measuring basal matabolic rate (BMR) 
from O, consumption and heat equivalent (or calorie equivalent) of O; (i.e., kcal of 
heat produced per litre of O, consumed). This is because the heat equivaleat of O2 
varies at different RQs ; for example, at RQs 0.75, 0.85 and 1.0, the heat equivalents of 
O; are 4.829, 4.921 and 5.058 kcal respectively. 

[3] RQ changes in different pathological conditions like acidosis, alkalosis, diabetes 
mellitus etc., as mentioned earlier. So RQ may be used in diagnosis of such pathological 
conditions. 


1.4. Basal Metabolism : Basal Metabolic Rate (BMR) 


© What is basal metabolism 2 Basal metabolism refers to the energy output of a 
person at basal condition. Basal condition means the ideal condition of complete 
physical and mental rest. Basal metabolism is expressed in terms of basal metabolic 
rate or BMR. 

© Definition of BMR : BMR or basal metabolic rate is defined as the amount of 
energy output per unit time by a person who is awake and lying at complete physical 
and mental rest in a comfortable environment and in post absorptive state (i.e., 12-14 
hrs after the last meal). 
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Since heat is the ultimate form of all energies, the energy output is expressed in 
terms of heat i.e., in kilocalorie (kcal) units. Moreover, since the value of BMR varies 
with the surface area of the person, the BMR is usually expressed as heat production 
per hour for each square metre of body surface area i.e., kcal/hr./sq.m. 

Normal values of BMR: For normal healthy adult males, the value of BMR is 
about 40 keal/hr/sq.m., while for normal healthy adult females, it is about 37 keal/hr/ 
sq.m. 

0 Significance of BMR: 

[1] BMR indicates the minimum energy required for maintaining the essential 
activities of life like heart beats, breathing etc., 

[2] It helps in determining the calorie requirement of an individual for dietary 
planning. 

[3] BMR was earlier used for quantitative assessment of thyroid function. 

@ Determination (or Measurement) of BMR: 

Since BMR is measured in terms of heat output, the process of measurement of 
BMR is often called calorimetry. It is of two types—[1] direct calorimetry and 
[2] indirect calorimetry. 

[1] Direct calorimetry : This is based on direct measurement of heat evolved from 
the body of the subject. A specially prepared heat-proof chamber known as Atwater- 
Benedict’s respiration calorimeter or animal calorimeter is required for it. The subject 
is placed in this chamber in basal condition for a given period (a few hours). The heat 
evolved from the subject’s body is measured by recording the rise of temperature of 
water circulating through the chamber, as follows : 


Heat evolved (kcal) = Weight of circulating water (kg) x Rise in temperature (°C). 


This method gives an accurate result but it is expensive and cumbersome. 


[2] Indirect calorimetry : This is based on calculation of heat prouction indirectly 
by measuring O, consumption of the subject because heat production is proportional 
to O consumption. For this, the volume of O consumed (in litres) is multiplied by the 
heat equivalent of O; (i.e., kcal of heat produced due to utilization of 1 litre of O3). 


| Heat production (kcal) = O consumption (litres) x heat equivalent of O; (kcal). 


The heat equivalent of O, varies with RQ of the subject ; hence, for determining heat 
production, the RQ should be known for which both O, consumption and CO, output 
are to be measured. Indirect calorimetry is of two types fi] closed circuit and [ii] open 
circuit. 

[A] Closed circuit method : The instruments used for this are called spirometers 
(or respirometers) of which the Benedict-Roth apparatus is most common. In this 
method, the subject breathes in from an O; reservoir and breathes out into the reservoir 
through a sodalime tower to keep the O, reservoir free from CO . Thus, breathing 
occurs in a closed system. The Oꝝ consumption is measured from the fall of O, content 
in the reservoir. In this method, the CO, output cannot be recorded and hence the RQ 
cannot be measured. So, the RQ is taken to be 0.85 (normal RQ for mixed diet) at 
which the heat equivalent of On is 4.921 kcal. Thus, the volume of O, consumption/hr 
is multiplied by 4.921 to get the value of BMR of the subject. 
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[B] Open circuit method : In this method, Douglas bag is used. This is a special 
type of airtight bag with a T-tube connection having a valve arrangement. The subject 
inspires atmospheric air and the expired air is collected into the Douglas bag. The 
volume of expired air in a given time is noted from which the volume of air inspired in 
1 hr is calculated. Then the percentage of O, and CO; in the atmospheric (inspired) air 
and expired air are determined with the help of a gas analyzer apparatus. From these 
values, the O, consumed and CO) produced by the subject in 1 hr is calculated and RQ 
is determined for obtaining the heat equivalent of O at that RQ. Finally, BMR is 
obtained by multiplying the O, consumption / hr(in litre) by the heat equivalent of O2. 
® Factors affecting BMR: 

[1] Physiological factors : 

[A] Age : In children, BMR is higher than adults. This is due to the growth of 
children for which extra energy is required. In old age, BMR is reduced. 

[B] Sex : BMR is less in females than in males. The higher BMR of males is attributed 
to the male sex hormones (androgens) which increase the BMR. 

[C] Body surface area : BMR is directly proportional to body surface area. 

[D] Climate and races : Europian races and residents of cold climate have higher 
BMR than the tropical races dwelling at warm climate. 

[E] Nutritional status : Undernutrition or starvation lowers the BMR. 

[F] Pregnancy and lactation : BMR is increased in pregnancy because of the 
additive effect of the foetal metabolism. Lactating mothers also have higher BMR due 
to the extra energy required for milk secretion. 

[G] Habit : Athelets and manual labourers have higher BMR than persons leading 
a sedentary life. 

[H] Hormones : Adrenal and thyroid hormones increase the BMR considerably. 
Androgens and posterior pituitary hormones also raise the BMR to a smaller extent. 

[I] Body tempeature : For every 1°C rise of body temperature, BMR rises by 
10-12%. 

[2] Pathological factors : 

[A] BMR is lowered in hypothyroidism, malnutrition, fasting. obesity etc., 

[B] BMR is raised in hyperthyroidism, fever, diabetes insipidus, leukemia, 
polycythemia etc., 


1.5. Specific Dynamic Action (SDA) Of Food 


After ingestion of food, the heat production is increased above the BMR. This is 
called specific dynamic action (or SDA) or calorigenic action of food. Thus, SDA 
can be defined as the additional heat output above the BMR due to food intake. 

The value of SDA for proteins is about 30%, for carbohydrates about 6% and for 
fats about 4%. Thus, SDA for proteins is the highest and it is thought to be due to 
deamination of amino acids in liver. The heat produced by SDA helps to keep the body 
warm for thermoregulation and it is not utilised for any cellular work. The rise of heat 
production due to SDA starts within 15 minutes of food intake and continues upto 6 
hrs. The SDA due to protein intake is considerably reduced by simultaneous intake of 
fat and/or carbohydrate. Because of its high SDA, a protein rich diet is not suitable for 
those doing heavy muscular work and dwellers of tropical warm climate. 
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Basal condition—An ideal condition of complete physical and mental rest. 

Basal metabolism—Energy (heat) output at basal condition. 

BMR (Basal Metabolic Rate) Heat output per hour of a person at basal condition, 
Atwater-Benedict respiration calorimeter—An apparatus for measuring heat output 
of an animal by direct calorimetry. 

Benedict-Roth spirometer (or Benedict-Roth apparatus)—An apparatus for 
measuring Oꝛ consumption during breathing of a person. 

Douglas bag—An apparatus for collection expired air. 

SDA (or Specific dynamic action) of food or Calorigenic action of food — 
Additional heat output above the BMR due to food intake. 


Section—B : BIOCHEMISTRY AND METABOLISM 


1.6. Chemistry Of Carbohydrates 


Carbohydrates are compounds of carbon, hydrogen and oxygen in which the last 
two elements are generally present in the proportion of 2:1, as in water. The term 
‘carbohydrate’ was derived from the fact that most of these compounds are hydrates of 
carbon. But there are many exceptions. Many substances that are not carbohydrates 
contain hydrogen and oxygen in the proportion of H20 such as formaldehyde (CH 0), 
acetic acid (CyH4O3), lactic acid (C3HgO3) etc., Also, some carbohydrates such as 
fucose and rhamnose (CH 705) do not contain hydrogen and oxygen in the proportion 
of H,0. Actually the carbohydrate molecules contain many hydroxyl groups and one 
or more aldehyde or ketone group (s). The aldehyde or ketone group may remain either 
in free or in bound form. S 


1.6.1. DEFINITION OF CARBOHYDRATES 


Carbohydrates are defined chemically as aldehyde or ketone derivatives of higher 
polyhydric alcohols or as compounds which yield these derivatives on hydrolysis. More 
precisely, carbohydrates can be defined as polyhydroxy aldehydes or polyhydroxy 
ketones. 


1.6.2. CLASSIFICATION OF CARBOHYDRATES 


Carbohydrates are sometimes referred to as the saccharides. The word ‘saccharide’ 
has been derived from the Greek word sakcharon, meaning sugar. Carbohydrates can 
be divided on the basis of their physical properties into sugars and non-sugars. Sugars 
are those carbohydrates that are crystalline, soluble in water and sweet in taste. 
Conversely, non-sugars are amorphous, sparingly soluble in water and tasteless. Among 
the sugars, some are capable of reducing metal ions like Cu2*, Ag*, Fe3+ and Bi>* ; 
such sugars are called reducing sugars. Other sugars which do not have such reducing 
property are called non-reducing sugars. However, it is more logical to classify 
carbohydrates on the basis of complexity of their molecules. According to this, 
carbohydrates are divided into two main classes—(1) Simple carbohydrates and 
(2) Compound carbohydrates. 
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[1] Simple carbohydrates or Simple sugars or Monosaccharides : These are 
simplest of carbohydrates and cannot be hydrolysed into smaller carbohydrate molecules. 
The general formula of most of the monosaccharides (except rhamnose and fucose) is 
Cn Hen On in which the value of ‘n’ (i.e., the number of C atoms) may vary from 2 to 10. 
So, monosaccharides are further classified according to the number of C atoms present 
in their molecules intodiose (2C), triose (3C), tetrose (4C), pentose (SC), hexose (6C), 
heptose (7C), octose (8C), nonose (9C) and decose (10C). However, biologically 
important monosaccharides bear 3-7 carbon atoms of which hexose and pentose are 
most important. 

Monosaccharide molecules possess either an aldehyde (CHO) or a ketone (—CO) 
group in free form and accordingly they are called aldoses or ketoses respectively. In 
order to indicate the number of carbon atoms as well as the aldehyde or ketone group 
present in the molecule, monosaccharides are more precisely grouped in the following 
way. Aldose type of triose, tetrose, pentose and hexose are called aldotriose, aldotetrose, 
aldopentose and aldohexose respectively. Similarly, monosaccharides containing 
different number of carbon atoms and a ketone group are called ketotriose, ketotetrose, 
ketopentose, ketohexose and so on. Sugars of a particular group having the same 
molecular formula, for example-glucose, fructose, galactose eic, that are all hexoses 
(CoH 1206), differ in their structural configuration i.e., arrangement of groups and atoms 
in the molecule ; these are called isomers. 

[2] Compound carbohydrates : These are composed of two or more 
monosaccharides joined together through glycoside linkages. The compound 
carbohydrates can be hydrolysed to liberate their monosaccharide units indicating that 
the net effect of formation of each glycoside linkage is loss of a molecule of water, But 
they are not produced in nature by condensation of monosaccharides with loss of one 
molecule of water for each linkage formed. Depending on the number of monosaccharide 
units present in the molecule, compound carbohydrates are divided into two major 
groups~(a) Oligosaccharides and (b) Polysacchaides. 

[A] Oligosaccharides : These are compound carbohydates made up of only a few 
(2-5) monosaccharide (hexose) units (oligos = a few). So, they are further classified 
into the following subgroups : 

(i) Disaccharides- These are. composed of 2 hexose molecules joined by a single 
glycoside bond and thus have the general formula Cj Ha: Oil: Common examples of 
disaccharides are—maltose (malt sugar) which is made up of 2 glucose units, lactose 
(milk sugar) made up of glucose and galactose, and sucrose (cane sugar) made up of 
glucose and fructose. Thus, glucose is a common consituent of different disaccharides. 


Monosaccharides 


GRACO Guicos Cc Ge 


Monosaccharides present in common disaccharides 


(ii) Trisaccharides—These are made up of 3 hexose units joined by two glycoside 
bonds and have the general formula—CjgH370j¢ ; example—robinose (made up of 
galactose and 2 rhamnose) and raffinose (made up of fructose, glucose and galactose) 
found in sugar-beets, gentianose (2 molecules of glucose + fructose) found in gentian 
root, etc. 

2253—51 
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Chart showing classification of carbohydrates with examples in brackets 
Carbohydrates 


Simple Compound 
(Monosaccharides) 
Aldotriose Oligosaccharides Polysaccharides 
‘Trioses ni (glyceraldehyde) Or Glycan 
(C3H603) 
Ketotriose Disaccharides Homoglycan 
(dihydroxy acetone) (maltose, lactose, 
sucrose) 
Aldotetrose 
(erythrose) 
Tetroses Trisaccharides Glucosan 
(C4Hg04) (robinose, (starch, 
Ketotetrose raffinose) dextrin, 
(erythrulose) glycogen, 
cellulose) 


Aldopentose Tetrasaccharides Fructosan 
(ribose, arabinose) (stachyose) (inulin) 
Pentoses 
(C5H1005) 
Ketopentose Pentasaccharides 
(ribulose, xylulose) (verbascose) Heteroglycan 
(mucopolysacc- 
harides, pectin) 
Aldohexose 
(glucose, galactose) 
Hexoses 
C6H1206) 
Ketohexose 
(fructose) 


Aldoheptose 


(glucoheptose) 
Heptoses 
~»(C7H 407) 
Ketoheptose 
(sedoheptulose) 


(iii) Tetrasaccharides- These are made up of 4 hexose units joined by three glycoside 
bonds (general formula- C4H4>0>,). Example-stachyose (2 galactose molecules and 
one molecule each of glucose and fructose) found in Stachys tuberifera, 

(iv) Pentasaccharides—These are compounds of 5 hexose molecules (C39H5 076) 
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joined by four glycoside bonds. Example—verbascose (3 galactose + 1 glucose + 1 
fructose) found in the roots of Verbascum thapsus. 

Among the oligosaccharides, the disaccharides are biologically (or nutritionally) 
most important. 

[B] Polysaccharides : Carbohydrates composed of ten or more monosaccharide 
units are called polysaccharides or glycans. They may be considered as condensation 
polymers of monosaccharides, mainly hexoses, and have a general formula 
(C6H1206)n - (HzO) OF (CoH 905)q- H20. However, some derivatives of hexoses 
e.g., amino sugars and uronic acids as well as pentose units may also be present in 
some polysaccharides. Polysaccharides may be divided into the following subclasses— 

(i) Homopolysaccharides or Homoglycans-Polysaccharides made up of a single 
kind of monosaccharide belong to this group. Depending on the kind of monosaccharide, 
the homoglycans may be glucosans or glucans (that are made up of glucose only ¢.g., 
starch, glycogen, cellulose and dextrin), fruetosans or fructans (composed of fructose 
only, e.g., inulin), galactans (made up of galactose molecules) etc., From the nutritional 
point of view, glucans are the most important polysaccharides. Although all the glucans 
are made up of only glucose units, they differ in molecular structure as well as physical, 
chemical and biological properties. 

(ii) Heteropolysaccharides or Heteroglycans—These are composed of two or more 
kinds of monosaccharides or their derivatives. Examples are mucopolysaccharides (e. g. 
hyaluronic acid, chondroitin sulfates, heparin), pectins, plant gums etc., 

Monosaccharides and oligosaccharides are sugars whereas polysaccharides are 
nonsugars. Sugars possessing a free aldehyde or ketone group have the reducing 
property i.e., they are reducing sugars. All monosaccharides and some oligosaccharides 
e.g., lactose, maltose, robinose etc., are reducing sugars. Oligosaccharides in which 
the aldehyde or ketone groups are not free, are non-reducing sugars ; for example— 
sucrose, raffinose, gentianose etc. 


ee REVISIONS Bee eee 


Carbohydrates—Polyhydroxy aldehydes or ketones. 

Sugars—Crystalline, water soluble carbohydrates with sweet taste. 

Reducing sugars—Sugars having ability to reduce metal ions like Cu?*, Ag*, Fes. 
etc., 

Aldose—A polyhydroxy aldehyde, i.e., a carbohydrate having an aldehyde (-CHO) 
group. 

Ketose—A polyhydroxy ketone, i.e., a carbohydrate containing a ketone (-C=0) 
group. 

Glycosidic linkage—The bond which joins two monosaccharide units of an oligo- 
or poly-saccharide. 

Monosaccharides—Simple carbohydrates having a single sugar unit. 
Oligosaccharides— Complex carbohydrates made up of a few (2-5) 
monosaccharide units. i 
Polysaccharides or glycans—Complex carbohydrates containing many (10 or more) 
monosaccharide units. 

Homopolysaccharides (or Homoglycans)—Polysaccharides made up of a single 
kind of monosaccharide. 

Heteropolysaccharides (or Heteroglycans)—Polysaccharides made up of more 
than one kinds of monosaccharides. 
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1.6.3. PROPERTIES OF CARBOHYDRATES 

Mono- and oligo-saccharides (sugars) are colourless, odourless, crystalline, water 
soluble compounds having a sweet taste. Polysaccharides are colourless, odourless, 
tasteless, amorphous compounds. They are relatively insoluble in water (except dextrin) 
and may form colloidal solutions, 

Carbohydrates show various properties due to the presence of free aldehyde or 
ketone groups, asymmetric carbon atoms and hydroxyl groups in ithe 
monosaccharides. The properties of carbohydrates are discussed below briefly under 
two broad headings [1] isomerism and [2}reactions of carbohydrates. 

[1] Isomerism : Monosaccharides show isomerism że., they exist in different 
isomeric forms. Compounds having the same molecular formula (composition) but 
different structural formulae (configurations) are isomers of each other. 

Three types of isomerism are seen in monosaccharides-(a) aldose-ketose isomerism, 
(b) stereoisomerism and (c) optical isomerism. 

[A] Aldose-ketose isomerism : Monosaccharides are either aldoses (possessing a 
free aldehyde group) or ketoses (having a free ketone group). An aldose and a ketose 
having the same molecular formula are called aldose-ketose isomers, Occurrence of 
monosaccharides as aldose-ketose isomers is called aldose-ketose isomerism. Examples 
of such isomers are- glucose or galactose (aldohexose) and frucose (ketohexose), ribose 
(aldopentose) and ribulose (ketopentose), erythrose (aldotetrose) and erythrulose 
(ketotetrose), glyceraldehyde (aldotriose) and dihydroxyacetone (ketotriose), etc. 

[B] Stereoisomerism: Compounds having the same molecular composition (i.e., 
same number of atoms and same kind of groups) but different spatial configurations 
are called geometric isomers or stereoisomers. The phenomenon of existence of a 
substance in the form of different stereoisomers is called stereoisomerism. This property 
is exhibited by compounds such as carbohydrates (monosaccharides), amino acids etc., 
which possess asymmetric carbon atom(s) in their molecules. 

A carbon atom is said to be asymmetric if it carries four different groups or atoms 
on its four valencies. Monosaccharides exist in different stereoisomeric forms due to 
the difference in position of the H atoms or OH groups attached to the asymmetric 
carbon atoms in their molecules The number of possible stereoisomers of a given 
compound depends on the number of asymmetric carbon atoms present in the molecule. 
As the position of H and OH on a single asymmetric carbon can form only two 
stereoisomers (one with H on the left side and OH on the right side and the other with 
OH on the left side and H on the right side), the maximum number of possible 
stereoisomers of a compound is given by 2" where ‘n’ represents the number of 
asymmetric carbon atoms in the compound. 

Thus, an aldohexoses having 4 asymmetric carbon atoms may exist in 24 = 16 
stereoisomeric forms, while ketohexoses having 3 asymmetric carbon atoms may form 
23 = 8 stereoisomers. Dihydroxyacetone, a ketotriose, has no asymmetric carbon and 
thus no stereoisomer. Stereoisomerism of sugars may be of following three types- 

(i) D and L stereoisomerism : Depending on the orientation of H and OH groups 
around the asymmetric carbon atoms, a sugar may exist as D and L stereoisomers that 
are mirror images of each other. The D and L forms are determined by the position of 
H and OH groups attached to the asymmetric carbon atom just adjacent to the terminal 
primary alcohol (CH2OH) carbon (e. g., Sth carbon of hexoses, 4th carbon of pentoses 
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and so on). When the OH group on this carbon is on the right and H on the left, the 
sugar is a D-isomer ; conversely, when the OH is on the left and H on the right, the 
sugar is a L-isomer. Most of the monosaccharides are biologically active in their D- 


forms only. 
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H—C—OH 
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HO—C—H 
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HO—C—H 


| 
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L-Fructose 


(ii) Epimerism : Epimerism is a type of stereoisomerism occurring due to difference 
in orientation of H and OH groups around a single asymmetric C atom of a compound 
containing more than one asymmetric C atoms. Two sugars differing only in respect of 
position of H and OH groups on a single asymmetric carbon atom are called epimers. 
For example, galactose and glucose are epimers in respect of carbon 4 ; mannose and 
glucose are epimers with respect to carbon 2. 


H+C—OH HO—C—H 
| | 
HO—C—H HO—C—H HO—C—H 


| l | 
HO=C—H H—C—OH H—C—OH 


| | | 
H COH H—C—OH H—C—OH 


| | 
CH,0H CH;OH 


| y 
CHOH 


D-Galactose D-Glucose D-Mannose 


(iii) Pyranose-furanose stereoisomerism and anomerism: Due to condensation 
between the aldehyde or ketone group and a hydroxy! group of the same molecule 
monosaccharides containing 5 or more C atoms may exist in two isomeric ring forms 
called— pyranose and furanose. A pyranose has a six membered ring with 5 carbons 
and 1 oxygen ; a furanose has a five membered ring with 4 carbons and 1 oxygen. 
Aldohexoses, ketohexoses and aldopentoses show pyranose-furanose isomerism but 
other sugars e.g.,, ketopentoses, tetroses and trioses do not show such isomerism. In an 
oligosaccharide or a polysaccharide, the monosaccharide units remain in either pyranose 
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or furanose form only. 

In pyranose or furanose form, the C atom of the aldehyde or ketone group of a sugar 
(ie. carbon 1 of aldoses and carbon 2 of ketoses) becomes asymmetric. This new 
asymmetric C is called anomeric C which gives rise to an additional stereoisomerism 
called anomerism depending on the position of OH group on it. When the -OH group 
is on the right side, the sugar is said to be an d anomer ; if the OH is on the left side, 
itis a Banomer, The molecular structure of pyranose-furanose isomers and of anomers 
of D-glucose is shown below. 


(C) Optical activity : Optical isomerism : Mutarotation : When a polarized light 
is passed through a substance in solution, if the plane of light is rotated, the phenomenon 
is called optical rotation or optical activity and the substance is said to be optically 
active. 


The optical activity of a substance is due to the presence of asymmetric carbon 
atoms in its molecules. Substances which rotate the plane of polarized light clockwise 
(or to the right), are said to be dextrorotatory and those rotating the light anti-clockwise 
(or to the left), are levorotatory. Sugars exhibit optical activity and optical isomerism 
ie., they may exist as dextrorotatory (or d) and levorotatory (or 1) optical isomers (or 
enantiomorphs) which are indicated by (+) and (-) signs respectively. Thus, 
dextrorotatory and levorotatory sugars of D and L series are represented by the prefixes 
D (+), D (-), L (+) and L (-). A sugar is biologically active in either ‘d’ or ‘I’ form. For 
example, natural glucose and fructose (both of which belong to D series) are 
dextrorotatory and levorotatory respectively: so they are designated as D (+) glucose 
and D (-) fructose, 

The optical rotation of a freshly prepared aqueous solution of a reducing sugar 
gradually changes until a constant rotation, characteristic of the sugar, is reached. This 
phenomenon is called mutarotation. It occurs due to the fact that in solution, the sugar 
exists in œ and B anomeric forms having different optical rotations and these two anomers 
undergo interconversion until an equilibrium is reached giving the constant rotation. 
For example, a solution of q-. glucose or B-D-glucose shows an initial optical rotation 
of + 112° or + 19° respectively ; but each solution finally attains an equilibrium mixture 
of œ and B forms having optical rotation of + 52°. Reducing sugars in both pyranose 
and furanose forms show mutarotation because they may remain as d and B anomers 
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(due to the presence of free OH group on their anomeric carbon atom), But a non- 
reducing sugar like sucrose does not show mutarotation due to absence of a free 
anomeric OH group in it, 

[2] Reactions of carbohydrates : 

[A] Reactions due to free aldehyde or ketone group + 

(i) Oxidation of sugar : Aldoses are oxidized to produce sugar acids. In oxidation 
reactions, either the aldehyde (CHO) group at C} or the primary alcohol (CH,OH) 
group at Ce or both may be oxidized. When only the aldehyde group is oxidized, the 
product is an aldonic acid (e.g., glucose ~» gluconi¢ acid). When only the CH,OH 
group at Ce is oxidised, the product is uronic acid (c.. glucose => glucoronic acid), 
when both CHO and COH groups are oxidised, saccharic (or aldaric) acid is 
produced (e.g, glucose — glucosaccharic on glucaric acid). 

(ii) Reduction of sugar: The aldehyde or ketone group of a monosaccharide may 
be reduced to form the corresponding sugar alcohol e.g., sorbitol from glucose, dulcitol 
from galactose, mannitol from mannose, mannitol and sorbitol from fructose, etc. 

(iii) Action of strong mineral acids : Reaction of a sugar with a strong mineral 
acid produces a furfural compound which may condense with certain phenolic 
compounds like di- napthol or thymol or resorcinol to produce coloured complexes. 
This property is the basis of certain tests for carbohydrates e.g., Molisch test (all 
carbohydrates respond to this test) and Seliwanoff’s test (only ketosugars respond to 
this test). 

Compound carbohydrates (oligo: and poly-saccharides) are hydrolysed into their 
constituent monosaccharides on being boiled with mineral acids, 

(iv) Actions of alkalies ; In presence of dilute alkalies, sugars containing a free 
aldhyde or ketone group form enediols which are powerful reducing agents, This is the 
basis of reducing action of sugars in alkaline medium. Another importance of this 
reaction is that glucose, fructose and mannose form a common enedio! through which 
these sugars may isomerise into each other, 


Glucose sm Enediol s= Fructose 


Mannose 


(v) Reducing action of sugars : Sugars having a free aldehyde or ketone group are 
called reducing sugars because of their ability to reduce cupric ions (Cu**) to cuprous 
ions (Cue). These sugars can reduce Cu?* to Cu* in both alkaline and acidic media. 

In alkaline medium, reducing sugars are converted to enediols which are strong 
reducing agents and can reduce Cu to Cut. This property is utilised for both qualitative 
and quantitative determination of reducing sugars using Benedict's reagent. 

In acidic medium, monosaccharides can reduce Cu** to Cut very quickly (within 
a few seconds) but disaccharides can do so very slowly (after several minutes). This 
forms the basis of Barfoed’s test which is used to distinguish between monosaccharides 
and disaccharides, 

(vi) Reaction with phenylhydrazine : Formation of osazone : When a sugar 
having free CHO or CO group is heated with phenylhydrazine, it forms osazone crystals 
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showing characteristic structure under a microscope. The osazone crystals of glucose, 
mannose and fructose are identical in structure. But due to the difference in structure of 
osazone crystals, glucose can be distinguished from galactose, and lactose can be 
distinguished from maltose. 


[B] Reactions due to hydroxyl groups: 

(i) Formation of esters : The alcoholic groups of sugars may react with acids to 
form esters. Phosphate esters of different sugars are formed during metabolism of these 
sugars. Examples of other sugar esters are acetates, benzoates etc: 

(ii) Formation of glycosides : When the free OH group on the carbon 1 (anomeric 
carbon) of a monosaccharide is condensed with an OH group of another substance 
(eigi alcohol, phenol, sterol, sugar etc: ), the compound formed is called glycoside. A 
glycoside of glucose is called glucoside, that of galactose is galactoside, etc: The bond 
joining the anomeric carbon of a sugar with OH group of another substance is called 
glycoside bond or glycosidic linkage. It is called d or B glycosidic linkage depending 
on whether the sugar is in œ or B form. All oligo- and poly-saccharides are glycosides 
in which the monosaccharide units are joined by glycosidic linkages. 


[C] Fermentation : Sugars are fermented by micro-organisms like fungi (e.g., yeast) 
and bacteria to form various products such as ethanol, butanol, glycerol, acetic acid, 
butyric acid, citric acid etc., This is used for commercial production of these substances. 


1.6.4. SOME BIOLOGICALLY IMPORTANT CARBOHYDRATES 


Large number of carbohydrates are known to exist. Among these, only a few are 
biologically (or nutritionally) important i.e., they have some biological function or use. 
The chemical and physical nature, occurrence and function (use) of some such 
carbohydrates are given below in brief : 


[1] Monosaccharides : Among the monosaccharides, only some pentoses and 
hexoses are nutritionally important. 


[A] Pentoses : Ribose and deoxyribose are the chief dietary pentoses. 

(i) Ribose—It is an aldopentose sugar. It is synthesised in the tissues from glucose 
through the pentose phosphate pathway. It is a constituent of nucleotides, adenylic acid 
and ribonucleic acids (RNA) ; hence, it is used in the body for synthesis of these 
compounds. 

(ii) Deoxyribose—It is also an aldopentose which contains one oxygen atom less 
than ribose. It is a constituent of deoxyribonucleic acid (DNA). Hence, it is used in the 
formation of DNA which forms the genetic material in the nucleus. 

Dietary pentoses are nutritionally not important because they are not utilised for 
synthesis of RNA and DNA, For this purpose, pentoses are formed from glucose. 


[B] Hexoses : The chief dietary hexoses are glucose, fructose and galactose. 

(i) Glucose (Dextrose or Grape sugar)—Glucose is a dextrorotatory sugar found 
in grapes ; hence it is also called dextrose or grape sugar. It is an aldohexose sugar 
containing a free aldehyde group at its first carbon (C!) position. Glucose on being 
reduced, gives a sugar alcohol called sorbitol. Glucose occurs in free state in many 
fruits and in honey. Glucose has been described as the “current carbohydrate coin’ of 
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the body.as the body utilises carbohydrates mainly in the form of glucose. Most of our 
dietary. glucose comes from starch. 

(ii), Fructose (Levulose or Fruit sugar)—Fructose is a levorotatory sugar found 
in fruits; hence it is also called levulose or fruit sugar. Itis a ketohexose sugar containing 
a free ketone group at its second carbon (CÊ) position. Fructose on being reduced, 
produces a mixture of sugar alcohols, sorbitol and mannitol. Fructose occurs in free 
state along with glucose in many fruits and in honey. It is twice as sweet as glucose. 
Fructose is readily utilised by the body asa source of energy. In diabetic patients, 
fructose is better utilised than glucose. Fructose is found in semen for supplying nutrition 
to sperms. The main source of fructose in our diet is the table sugar (sucrose). 

The sorbitol obtained commercially from reduction of glucose and fructose is used 
in diets for diabetics because it is absorbed and metabolised after conversion to glucose, 
but it does not raise the blood glucose level since it is absorbed very slowly. Mannitol 
is used as a medicine for patients with edema of brain. 

(iii) Galactose—It is also an aldohexose containing a free aldehyde group at its 
first carbon (C!) position. On being reduced it gives an alcohol called dulcitol. Galactose 
does not occur in nature in free state. It occurs in lactose of milk and glycolipids or 
galactolipids (cerebrosides) present in brain and neryous tissues. Hence, it is used in 
synthesis of lactose in lactating mammary gland and formation of cerebrosides for 
development of nervous tissues. It is nutritionally very important for children and the 
chief dietary source of galactose is the lactose present in milk. 


[2] Disaccharides : Nutritionally important disaccharides include maltose, lactose 
and sucrose. 

[A] Maltose (Malt sugar)—lIt is a reducing disaccharide composed of two 
molecules of glucose that remain joined by a1, 4 glycosidic linkage which joins the 01 
of one glucose molecule with the C4 of the second glucose molecule. The reducing 
property of maltose is due to the free aldehyde group present at the C! of the second 
glucose molecule. Maltose is present in malt from which its name has been derived. It 
is formed in germinating cereal grains (barley, jowar, ragi etc.), by hydrolysis of starch 
by the enzyme diastase (an amylase). It is also formed during digestion of starch by 
salivary and pancreatic amylases. It is hydrolysed to glucose by the enzyme maltase 
present in the intestinal juice. 


[B] Lactose (Milk sugar)—It is also a reducing disaccharide. It is made up of 
one molecule of glucose and one molecule of galactose. In the lactose molecule, a 1, 4 
glycosidic linkage joins the C! of galactose with the C+ of glucose. Thus, the aldehyde 
group at the C! of the glucose residue remains free and the lactose molecule possesses 
the redueing property. Lactose occurs in the milk of all mammals (hence itis so named); 
it is not has found in plant sources. Lactose is hydrolysed by the intestinal enzyme 
lactase to yield glucose and galactose. Lactose obtained from milk is nutritinally very 
important because it supplies galactose for development of nervous tissue in the young 
ones. 

[C] Sucrose (Cane sugar)—It is a non-reducing disaccharide made up of one 
molecule each of glucose and fructose. In the sucrose molecule, the aldehyde group of 
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glucose (at C! position) is joined with the ketone group of fructose (at C? position) by 
a 1, 2 glycosidic linkage so that neither of the reducing groups (aldehyde or ketone) 
remains free. Hence, sucrose does not have reducing properties. Sucrose is an important 
carbohydrate of our diet obtained from table sugar, molasses and some vegetables and 
fruits, It is commercially manufactured from sugar cane and beet root. 

Sucrose is dextrorotatory but when it is hydrolysed by the intestinal enzyme sucrase 
or by boiling with dilute acid, a mixture of equal amounts of glucose and fructose is 
produced which becomes levorotatory, So, the phenomenon of hydrolysis of sucrose 
is called inversion of sucrose, the mixture of glucose and fructose produced from 
hydrolysis of sucrose is called Invert sugar and the enzyme sucrase is called invertase, 

‘The structures of maltose, lactose and sucrose are shown below — 
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Cl of galactose and C* of glucose joined by 1-4 glycosidic linkage} 
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{c! of glucose joined with C? of fructose by 1-2 glycosidic linkage] 


[3] Polysaccharides : The important polysaccharides in human nutrition are starch, 
glycogen and dietary fibres. However, some other polysaccharides are also knows 10 


. 
they give red colour with iodine Smaller dextrins that give no coloar with iodine are 


$12 A TEXT BOOK OF BIOLOGY 


called achrodextrins, Dextrins are also produced when flour is browned or bread is 
toasted. However, dextrins may also be found in natural sources like honey and plant 
leaves, 

[C] Glycogen—Glycogen is a storage carbohydrate found in animal tissues like 
liver and muscle, It is the animal counterpart of starch in plant kingdom: hence, it is 
also called animal starch, 

Glycogen forms a colloidal solution in water and gives a reddish-brown colour 
with iodine. It is also a glucan formed by condensation of a large number (5000— 
10000) of glucose molecules. It is a branched chain polysaccharide resembling 
amylopectin, Its structure is more branched than starch. In a molecule of glycogen, 
8-12 glucose residues aré joined by 1, 4 glycosidic linkages to form a straight chain, 
and many such chains remain joined by 1, 6 glycosidic linkages to form a branched 
structure, Like starch, glycogen is also of non-reducing nature and it can be hydrolysed 
by amylases or boiling with dilute acids. j 

[D] Dietary fibres—The term dietary fibres refers to those dietary macromolecular 
constituents of plant origin that are not digested in the alimentary canal. They are 
mostly the undigestible polysaccharides of our diet that are unavailable for metabolism 
and energy supply and are merely excreted through feces. Nevertheless, their presence 
in our diet is necessary because they form the unabsorbed bulk, distend the intestine 
and stimulate peristalsis to prevent constipation. Dietary fibres include cellulose, 
hemicellulose, pectin, lignin ere., d 

(i) Cellulose—Cellulose is the major constituent of plant cell wall’; hence it is the 
most abundant organic compound in the world, com rising at least 50% of the carbon 
in vegetation. Wood, paper and cotton are chiefly cellulose. Dietary cellulose comes 
from the cell walls of vegetables, fruits and cereals. 1 

Cellulose is a polysaccharide made up of glucose ( ꝑlucan). lis chemical structure 
differs from starch in two respects: Firstly, the cellulose molecule consists of a long 
unbranched linear chain of about 300-3000 glucose units while the starch molecule is 
a branched structure. Secondly, in starch, d- glucose units are joined by 1, 4 glycosidic 
bonds while in cellulose the B-glucose units are joined by 1, 4 glycosidie bonds. Due 
to this difference in chemical structure, cellulose is not acted upon hy amylases of the 
alimentary canal. On boiling with strong acids, cellulose is hydrolysed into a disaccharide 
cellebiose first and ultimately into glucose, Cellulose is a non-reducing carbohydrate. 
It is digested by the enzyme cellulase which is present in the intestine of cattle but 
absent in humans, This is why cattle can digest and utilise céllulose but human beings 
cannot. In rice, the stored starch is covered by à cellulose covering ; hence amylase 

_ Cannot act on starch unless the cellulose barrier is broken down: This is accomplished 
by cooking and mastication which mechanically breaks down the cellulose. 

(ii) Hemicelluloses—These are heteroglyeans made up of pentoses, hexoses and 

uronic acids. A hemicellulose molecule consists of straight core-chains made of xylose 
units (joined by BI. 4 glycosidic bonds) to which several short, linear side-chains 
containing arabinose, mannose and wronic acid remain attached. They are present in 
small amounts in all vegetables (because they form the amorphous matrix of the plant 
cell wall) and in large amounts in corn cobs, grain hulls und’straws. Like cellulose, the 
hemicelluloses are also not acted upon by the digestive juices in human alimentary 
canal. 
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(ili) Pectins—These are heteroglycans made up of galacturonic acid, galactose, 
arabinose and other sugars. They úre structural polysaccharides present in the middle 
lamella of plint cell walls, Pulp of apple, guava and citrus fruits are tich source of 
pectins: Pectin is used in medicine for treatment of diarrhea, Pectin forms a gel in 
presence of sucrose and citric acid ; hence it is used in food industry in preparing jams 
and jellies. 1 

(iv) Lignin—Lignin present in the cell wall contributes to rigidity of plants, It is 
not a carbohydrate but it is considered as a part of dietary fibres as it is not hydrolysed 
by digestive enzymes. Itis a,polymer of phenyl-propane units. Lignin has the property 
of adsorbing cancer producing hydrocarbons present in food ot produced in.the colon 
by bacterial action, 

TE] Other polysaccharides (not Important nutritionally)— x 

(i) Hyaluronic acid—lt is a structural heteroglycan made up of glucoronic acid 
and acetyl, glucosamine units. It is.a constituent of connective tissues, synovial fluid, 
vitreous humor, skin cle, * 5 

(u) Chondroitin sulphates, Dermatan sulphates and Keratan sulphates—These 
are also structural heteroglycans present in connective tissues and certain other tissues, 

(iii) Chitin—tt is an insoluble structural polysaccharide of the exoskeletoh of 
invertebrates like arthropods, sponges, molluscs and annelids: It is a polymer of 
acetylglucosamine molecules. be beset eet cii) 

(iv) Heparin It is u proteoglycan (or glycoprotein Composed of a heteroglycan 
(carbohydrate) and an apoprotein. It is formed in the mast cells and it works as an 
anticoagulant due to its antithrombin activity,” n 

_ (Ñ) Fructosans—These are homoglycàns made up of fructose units only. The best 
example of fructosans is Inulin which is found in roots of Dahlia, Artichoke etc. Inulin 
is a small molecule containing only 30 fructose units joined by 1, 2 linkages. It is used 
clinically in performing inulin clearance test of renal function, 

| (vi) Galactans—These are homoglycans made up of galactose, They occur in large 
amounts in seaweeds. A common example of galactans is agar-agar which is used in 
media for bacteria culture. It is also used in medicine for relieving constipation. 

(vii) Dextrans and Levans—Dextrans and levans are polysaccharides formed by 
the action of bacteria on glucose and fructose respectively. Dextrans are glucosans 
consisting of glucose units joined in chains of 1,6 linkage with occasional cross linking 
between chains by 1,4 bonds. Levans are fructosans composed of fructose units joined 
by 2, 6 linkages, thus differing from inulin, Dextrans have high moleular weight and 
osmotic pressure and they are non-toxic ; hence, they are used clinically as substirute 
of plasma proteins, 

1.6.5. SOME COMMON BIOCHEMICAL TESTS FOR CARBOHYDRATES 

[1] Iodine test -t is a test for polysaccharides like starch and glycogen. For this 
test, a sample of starch or glycogen solution is taken in atest tube and 1 or 2 drop (s) of 
dilute iodine solution is added to it, Starch gives a blue colour while glycogen gives a 
reddish brown colour. Bigger dextrin molecules also give reddish brown colour in this 
test. 
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[2] Benedict’s test—It is a test for reducing sugars. When a solution containing a 
reducing sugar is boiled with Benedict’s reagent (blue coloured), a yellow or red 
precipitate is formed. Monosaccharides like glucose, fructose, galactose and 
disaccharides like lactose and maltose respond to this test while sucrose being a non- 
reducing disaccharide does not respond to this test. 

[3] Barfoed’s test—It is a test for monosaccharides. When a solution containing 
monosaccharide is boiled with Barfoed’s reagent, a red precipitate is fomed. This test 
helps to distinguish monosaccharides from reducing disaccharides. 

[4] Seliwanoff’s test—It is a test for ketosugars like fructose and sucrose (which 
contains fructose). A red colouration is obtained when a solution containing such a 
sugar is boiled with Seliwanoff’s reagent. 


© How would you disinguish each of the following pair of carbohydrates by a 
single biochemical test ? 

(i) glucose and fructose, (ii) glucose and maltose, (iii) fructose and sucrose, 
(iv) fructose and lactose, (v) lactose and sucrose (vi) galactose and lactose, 
(vii) starch and dextrin, (viii) starch and glycogen, (ix) starch and sucrose, 
(x) glucose and glycogen. 

Ans, 

(i) Seliwanoff’s test ; fructose will respond to it while glucose will not, 

(ii) Barfoed’s test ; Glucose will respond to it while maltose will not, 

(iii) Barfoed’s test or Benedict’s test ; fructose will respond to both the tests 
but sucrose will not. 

(iv) Barfoed’s test ; fructose will respond but lactose will not. 

(v) Benedict’s test or Seliwanoff’s test; lactose will respond to Benedict’s test 


but sucrose will not, and lactose will not respond to Seliwanoff’s test but sucrose 
will respond. 

(vi) Barfoed’s test ; galactose responds to this test but lactose does not respond. 

(vii) Iodine test; starch gives a blue colour in this test while dextrin gives a 
reddish brown colour. 

(viii) Iodine test; starch gives a blue colour but glycogen gives a redush brown 
colour. 


(ix) Iodine test or seliwanoff’s test ; starch gives a blue colour in iodine test 
but sucrose does not respond to it (i.e., it does not change the colour of iodine), and 
starch will not respond to Seliwanoff’s test but sucrose responds to it. 

(x) Iodine test or Benedict’s test ; glucose does not respond to iodine test but 
glycogen responds by forming a reddish brown colour, and glucose responds to 
Benedict’s test but glycogen does not. 


1.7. Chemistry Of Proteins 


Proteins are macromolecular nitrogenous organic compounds. The term ‘protein’ 
is derived from the Greek word proteios meaning ‘primary’ or ‘holding first place’ 
because proteins are primarily responsible for. all characteristic features of living 
organisms. Protein molecules are composed of several amino acids that are considered 
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as ‘building blocks’ or structural units of proteins. So, a brief idea about the amino 
acids is given below before going into the description of proteins. 


1.7.1, DEFINITION OF AMINO ACIDS 

Amino acids are organic acids in which one or more hydrogen atoms attached to 
the hydrocarbon skeleton are replaced by equal number of amino MH groups. 

Each amino acid contains at least one acidic carboxyl (-COOH) group and one 
basic amino (-NH3) group. Some amino acids may possess an additional amino and/or 
a carboxyl group. All amino acids are made up of C. H. O and N, while some of them 
contain 8 in addition. 

1.7.2. TYPES OF AMINO ACIDS 

Most of the natural amino acids are found as constituent of proteins. However, 
several natural amino acids are now known that are not found in proteins but remain in 
free or bound form. About two dozen types of amino acids are known to be present in 
protein. These are —(I) lysine, (2) valine, (3) leucine, (4) isoleucine, (5) threonine, (6) 
methionine, (7) phenyl alanine, (8) tryptophan, (9) glycine, (10) alanine, (11) serine, 
(12) aspartic acid, (13) glutamic acid, (14) arginine, (15) cysteine, (16) cystine, (17) 
tyrosine, (18) histidine, (19) proline, (20) hydroxyproline, 921) hydroxylysine, (22) 
aspargine and (23) glutamine. 

© Essential and non-essential amino acids: From nutritional standpoint, amongst 
the aforesaid amino acids, the first eight are called essential or indispensable amino 
acids as they are not synthesised in our body and their presence in diet is essential, The 
remaining ones are referred to as non-essential or dispensable amino acids because 
they can be synthesised in the body and are not necessarily to be taken through diet. In 
addition to the eight essential amino acids, histidine and arginine are considered as 
semi-essential (or semi-indispensable) amino acids because these two amino acids 
are essential for infants (for their growth) but not for adults. 

© Neutral, acidic and basic amino acids: Amino acids may also be classified 
according to the reaction in solution or according to the number of amino and carboxyl 
groups present in the molecule into three groups as follows— 

(i) Neutral amino acids—These have equal number of basic amino and acidic 
carboxyl groups. These may again be of two types (a) mono amino mono carboxylic 
acid e.g., glycine, alanine, serine, valine etc., and (b) diamino dicarboxylic acid e.g., 
cystine, 

(ii) Acidic amino acids—Monoamino dicarboxylic acids are of this type because 
they contain an additional acidic carboxylic group. Example—aspartic acid and glutamic 
acid. 

(iii) Basic amino acids These are diamino monocarboxylic acids e.g., lysine, 
hydroxylysine and arginine. 

© Glycogenic, ketogenic and glycogenic-ketogenic amino acids : According to 
their metabolic fates, amino acids are of three types— 

(i) Glycogenic amino acids—Those amino acids which can enter into the 
neoglucogenic pathway to produce glucose and glycogen are called glyogenic amino 
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acids. They include glycine, alanine, serine, cysteine, valine, methionine, glutamine, 
aspartic acid, histidine, arginine, proline and hydroxy proline. 

(ii) Ketogenic amino acids—Those amino acids whose carbon skeletons are 
conyerted to ketone bodies and not to glucose are called ketogenic amino acids, They 
include leucine and lysine, 

(iii) Glycogenic-ketogenic amino acids—Those amino acids whose carbon 
skeletons are converted partly to glucose and partly to ketone bodies belong to this 
group. They, include phenyl alanine, tyrosine, tryptophan, isoleucine and threonine. 

© Sulphur containing amino acids : Three amino acids namely methionine, cysteine 
and cystine belong to this group because their molecules contain sulphur (S). 

Some amino acids that occur in nature but not as a constituent of protein are present 
in free or bound from in certain tissues where they are synthesised. Examples are 
taurine found in liver as a constituent of bile acids ; gamma amino butyric acid (GABA) 
found in CNS as a neurotransmitter ; ornithine and citruline found in liver as 
intermediates of urea synthesis, etc. i 


1.7.3. AMPHOTERIC NATURE OF AMINO ACIDS 


Amphoteric nature of a substance means ability of the substance to act as both acid 
and base i.e., capability of neutralising either acid or base. Substances having amphoteric 
nature are called ampholytes, Amino acids behave as ampholytes because they possess 
at least one acidic carboxyl\(-COOH) group that can donate Ht and one basic amino 
(NH group that can accept Ht; On releasing the H+, the COOH group forms anion 
(-COO”) and on accepting the H*, the -NH» group forms cation (-~NH3*)..Thus, 
amino acids possess both positive and negative charges, At a specific pH, called 
isoelectric pH (or pl) the amino acid carries equal number of positive and negative 
charges, j.e., it remains as a dipolar ion or zwitterion in which the net charge is zero. 
So, the zwitterion does not move in an electrical field either to the cathode or to the 
anode, 


1.7.4. DEFINITION AND BASIC COMPOSITION OF PROTEINS 


Proteins are polymers of amino acids, Each protein is composed of a large number 
of amino acid. Naturally, they are essentially made up of C, H, O and N. In addition, 
most proteins contain S and some contain P. Other elements like I, Fe, Cu, Zn, etc., are 
also occasionally present, 

In a protein, the amino acids are arranged in series through the acid-amide type of 
bond (CO-NH) called peptide linkage which connects the carboxyl (COOH) group 
of one amino acid to the amino (-NH)) group of the next amino acid by removal of one 
molecule of water. Hydrolysis of proteins involves splitting of peptide linkages. A 
chain of amino acids formed by peptide linkages is referred to as:a:peptide chain. 
Peptide hains are classified on the basis of the number of amino acids present (and not 
according to the numberof peptide linkages present) in the molecule. So, peptide chains 
containing 2, 3, or 4 amino acids are called dipeptide, tripeptide, tetrapeptide 
respectively and so on. Longer peptide chains containing many (more than 10) amino 
acids are called polypeptides. In a peptide chain, the terminal amino acid of one side 
contains a free —COOH group whereas that at the other end contains a free —NH} 


3 
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group; these are referred to as carboxy-or C-terminal amino acid and amino-or N- 
terminal amino acid respectively. 


l gpi nai 
HNH~CH—CO‘OH + H!'NH—CH~COOH 
Amino acid, Amino acid} 


Hp i 1 
Ih 
L 
HNH—CH — CO NH — CH -COOH 
— 


Free amino Peptide Free carboxy! 
group bond group 


Dipeptide 


Fig. 1.7 Formation and hydrolysis of a peptide bond. 
lx and Ry represent side chains of two different amino acids} 

Proteins are large molecules containing a few to a few hundreds or thousands amino 
acids. So, it is apparent that in the polypeptide chain of a protein, the same variety of 
amino acid may occur several times. There are innumerable kinds of naturally occurring 
proteins that differ from each other in their amino acid sequences, However, some 
proteins may contain certain additional substances which remain conjugated with their 
peptide chains, 

1.7.5. CLASSIFICATION OF PROTEINS 


Proteins may be classified in four ways according to their |1] structure, 
[2] nutritional value, [3], physiological functions and [4] physical and chemical 
properties as described blow. 

[1] According to structure, proteins are of two types--globular and fibrous. 

[A] Globular proteins- In these proteins, the polypeptide chains remain compactly 
folded so that the molecule acquires a spherical shape. The tertiary structure of such 
proteins is very prominent. These proteins are more easily soluble in water. Examples 
of globular proteins are enzymes, antibodies, albumin etc. 

IB] Fibrous proteins- In these proteins, the polypeptide chains remain arranged 
parallely and cross-linked at intervals, They are insoluble in water. In such proteins, 
the secondary structures are prominent and strong but tertiary structures are weak. 
Examples are-keratin, fibrin, actin, myosin, collagen erc. 

[2] According to their nutritional value, dietary proteins are divided into two 
groups—first class proteins and second class proteins. First class proteins are 
those that contain all the essential amino acids, Hence, these are also called complete 

2253—52 
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proteins. Animal proteins i.e., those found in meat, fish, egg, milk etts, belong to 
this category. However, the protein found in soyabean is also of this type. Second 
class proteins are also called incomplete proteins because they are deficient in one 
or more essential amino acid(s). Plant proteins are generally of this type. 

[3] According to physiological functions, proteins may be classified into the 
following types : 

[A] Enzyme proteins (dehydrogenases, oxidases etc.). 

[B] Structural proteins (collagen, elastin, keratin efc.). 

[C] Contractile proteins (actin, myosin of muscles). 

[D] Transport proteins (hemoglobin, hemocyanin etc.). 

[E] Genetic proteins (nucleoproteins like DNA protein & RNA protein). 

[F] Hormone proteins (STH, ACTH, insulin etc.). 

[G] Immune proteins (gamma globulins). 

[4] According to physical and chemical properties—The most widely used 
classification of proteins is based on their physical and chemical properties such as 
solubility, heat coagulability, precipitation, composition, etc. According to this system, 
proteins are classifed into three main groups—simple proteins, conjugated proteins 
and derived proteins ; each of these groups is subdivided into a number of classes. 

[A] Simple proteins : Proteins made up of amino acids only, are called simple 
proteins. These are further classified into the following seven types :— 

(i) Albumins : These are soluble in water, coagulated by heat and found in plants 
as well as animals. Examples—egg white (ovalbumin), serum albumin, lactalbumin 
of milk, legumelin of peas and leucosin of wheat. 

(ii) Globulins—These are insoluble in pure water but soluble in dilute solution 
of salts and coagulated by heat. Examples—ovoglobulin of egg yolk, serum globulin, 
myosin of muscle, legumin of peas, phaseolin of beans etc. 

(iii) Glutelins—They are plant proteins, soluble in very dilute acid or alkali but 
insoluble in neutral solvents. Examples—glutenin of wheat, oryzenin of rice eic. 

(iv) Prolamins—These are plant proteins containing much proline and hence so 
named. They are soluble in 70-80% alcohol but insoluble in absolute alcohol or 
water. Examples—zein of corn, hordein of barley, gliadin of wheat etc. 

(v) Albuminoids or Scleroproteins—These are the least soluble proteins being 
insoluble in water, salt solutions, acids or alkalies and alcohol. This type is found 
in animals only. Examples are keratin of exoskeletal structures (e. g, horn, hoof, nails 
and hair), elastin and collagen of connective tissues etc. 

(vi) Histones—The histones are basic proteins, soluble in water, dilute acids and 
alkalies but insoluble in dilute ammonia and not coagulated by heat. Being basic, 
they usually occur in tissues as salt combinations of acidic substances such as nucleic 
acids, porphyrins: etc, to form conjugated proteins. Examples are globin of 
hemoglobin, nucleohistones of nucleoproteins etc: 

(vii) Protamins—The protamins are similar to histones in that they are also basic 
proteins, soluble in water, acids or alkalies, and not coagulated by heat. But unlike 
histones, the protamins are soluble in dilute ammonia as well. They also occur in 
combination with acids, particularly with nucleic acid of sperm. Examples—salmine 
of salmon sperm, clupeine of herring sperm etc. 


CONSERVATION OF MATTER AND ENERGY IN THE HUMAN SYSTEM 819 


[B] Conjugated proteins: These-are composed-of a simple protein combined 
with some non-protein substance which is referred to as the prosthetic (addition) 
group. They are classified according to the non-protein part present in the molecule. 
Conjugated proteins may be of following types :— 

(i) Nucleoproteins—These are made up of nucleic acids (DNA or RNA) and a 
basic protein (histone or protamin). According to the prosthetic group (i.e., nucleic 
acid), the nucleoproteins may be of two types— DNA-proteins of nuclear chromatin 
and genes and RNA-proteins of ribosomes. 

(ii) Mucoproteins or glycoproteins—They are carbohydrate (mucopolysaccharide) 
containing proteins. Examples— mucin, tropic hormones like FSH, LH and TSH, 
ground substance of connective tissues efc. 

(iii) Phosphoproteins— Proteins containing phosphoric acid as . — group 
are of this type. Examples— casein of milk and vitellin of egg-yolk. 

(iv) Lipoproteins—These are lipid containing proteins. The lipid prosthetic group 
in them may be fats, phospholipids, fatty acids etc. Examples- protein of biological 
membranes, thromboplastin etc. 

(v) Chromoproteins—They contain some pigments like porphyrins, carotenoids 
and flavin compounds as the prosthetic group, Examples are hemoglobin and 
chlorophyll (containing a porphyrin heme), rhodopsin (containing retinene) of retinal 
rods etc., 

(vi) Metalloproteins—These contain metals like Cu, Fe, Zn, Co, Mn, Mg, etc., 
as the prosthetic group. Various enzymes belong to this group e.g., carbonic anhydrase 
containing Zn, cytochromes containing Cu or Fe, ceruloplasmin containing Cu, eis. 
Hemoglobin and other heme containing chromoproteins are also metalloproteins. 

[C] Derived proteins: As the name indicates, this class of proteins include those 
substances formed from simple or conjugated proteins. These are of two types— 
primary derived proteins and secondary derived proteins. 

(i) Primary derived proteins—These are formed by only slight change in the 
protein molecule without hydrolytic cleavage of peptide linkages. These are also 
called denatured proteins. Although primary derived protein has almost same 
molecular weight as the original protein, they differ in physical properties like 
solubility, precipitation etc, Primary derived proteins may be of three types 

(a) Proteans These are insoluble products formed by the action of water, dilute 
acids or enzymes. Examples— myosan from myosin, fibrin from fibrinogen etc. 

(b) Metaproteins—These are soluble in very dilute acids or alkalies and formed 
by the action of strong acids or alkalies. Examples- acid metaproteins (formed in 
stomach by the action of HCl) and alkali metaproteins (formed in duodenum by the 
action of bicarbonates). 

(c) Coagulated proteins— Heat, alcohol, U-V rays, X-rays, high pressure etċ., 
convert soluble native proteins into insoluble coagulated proteins. Examples include 
cooked egg albumin or meat, alcohol precipitated proteins etc. 

(ii) Secondary derived proteins—These are formed by hydrolytic cleavage of 
peptide linkages of protein molecules. Examples are proteoses, peptones and peptides - 
that are formed in the gastrointestinal tract during digestion of proteins. 
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Chart representing classification of proteins with examples in brackets. 
Proteins 


Simple proteins Conjugated proteins Derived proteins 


Albumins Nucleoproteins Primary 
(serum albumin, (DNA-proteins, 
ovalbumin, lactalbumin) | RNA-proteins) 
Proteans 
Globulins (myosan, fibrin) 
(serum globulin, Mucoproteins or 
ovoglobulin, myosin) Glycoproteins Metaproteins 
(mucin, FSH, LH, TSH) (acid metaprotein, 
Glutelins alkali metaprotein) 
(glutenin, oryzenin) Phosphoproteins 
(casein, vitellin) Coagulated 
Prolamins proteins 
(zein, hordein) Lipoproteins (cooked egg 
(thromboplastin, white) 
Albuminoids or proteins of biological , 
Scleroproteins membranes) Secondary 
(keratin, elastin, (peptones, 
collagen) Chromoproteins proteoses 
(hemoglobin, peptides) 
Histones rhodopsin) 
(globin, 
nucleohistone) Metalloproteins 
(hemoglobin, 
Protamins cytochromes) 
(salmine, clupeine) 
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Amino acid—Organic acid containing at least one amino ( Mi) and one carboxyl 
(-COOH) group. 

Essential amino acids—Amino acids that are not synthesised in our body and 
hence must be supplied through diet. 

Non-essential amino acids—Amino acids that are synthesised in our body and 
hence may be omitted from the diet, 

Neutral amino acids—Amino acids having equal number of amino and carboxyl 
groups. 

Acidic amino acids—Amino acids containing two carboxyl groups and one amino 
group. 

Basic amino acids—Amino acids containing two amino groups and one carboxyl 
group. 
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Protein—Polymer of amino acids, 

Complete (or Ist class) protein—A protein containing all the essential amino 
acids. 

Incomplete (or And class) protein—A protein deficient in one or more essential 
amino dc ids). 


Simple protein—A protein made up of amino acids only. 


Conjugated protein—A complex protein formed by combination of a simple 
protein with a non-protein substance. 

Prosthetic group—The non-protein part of a conjugated protein. 

Derived protein—A substance formed by denaturation or hydrolysis of peptide 
bonds of a simple or conjugated protein: 

Peptide linkage—The linkage joining the carboxyl group of one amino acid with 
the amino group of the next amino acid ina peptide chain. 


1.7.6; PROPERTIES OF PROTEINS 


II Molecular weight— Proteins are macromolecules and have high molecular 
weights (e.g., serum albumin 69000, serum globulin 150000—1300000, fibrinogen 
400000, hemoglobin 68000). The molecular weight of a protein depends on the 
length of the peptide chains (or the number of amino acids) present in the protein 
molecule. 

[2] Amphoteric nature and isoelectric pH— Like the amino acids, proteins are 
also ampholytes fe, they have the ability to donate as well as accept H' (proton). 
This is due to the presence of free -COOH group at one end and -NH3 group at the 
other end of the peptide chains and also due to the presence of many jonisable 
groups in the side chains of the amino acid residues, Since proteins have electric 
charges, they migrate in an electric field, the direction of migration depending on the 
net charge on the molecule, ' 

For each protein, there is a specific pH at which the positive and negative charges 
on its molecules become equal so that the net charge comes to zero, This pH is 
called isoelectric pH (pl) or isoelectric point at which the molecules of the protein 
remain in the form of dipolar ions or zwitterions which do not move in an electric 
field, If a 7 solution is maintained at its isoelectric pH, since the molecules of 
the protein form zwitterions, they exert no electrostatic repulsion and they tend to 
aggregate and precipitate, If the pH of a protein solution is less than its / (He, on 
the acidic side of the pl), the protein moleules remain as cations by accepting H* 
form the solution. But if the pH > pl (ie. pH is on the alkaline’ side of the p#), the 
protein molecules remain as anions by donating H*. 

[3] Solubility— Each protein has a characteristic solubility. In general, globular 
proteins (e.g., albumins) have greater solubilities than fibrous proteins (eng., keratin, 
collagen), Smaller protein molecules are more soluble than larger molecules. Solubility 
of a protein also depends on salt concentration and pH of the solution. For example, 
globulins are soluble in neutral sodium chloride solution but are almost insoluble in 
water. Some proteins like casein are soluble in alkaline pH. The difference in solubility 
helps in separation of proteins from a mixture, 

[4] Colloidal nature— Since proteins are macromolecules, their solutions are 
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colloidal in nature, Hence protein solutions exhibit colloidal properties like hydration 
and osmotic pressure, viscosity, electrophoretic movement, precipitation by salting 
out, coagulation erc. Most of the properties of protoplasm are attributed to the 
proteins present in it, Proteins do not pass through semipermeable membranes ; this 
property of proteins is of great physiological importance. 

[5] Denaturation— Proteins occurring in nature ie., in animal and plant tissues 
are called native proteins. They possess many characteristic properties such as 
solubility, optical rotation, viscosity, electrophoretic mobility, sedimentation rate, 
osmotic pressure ete: Heat, U-V rays, X-rays, high pressure, violent agitation, acids, 
alkalies, alcohols, heavy metals etc; may cause changes in the properties of the 
native proteins. This is due to rupture of non-covalent bonds between the amino acid 
side chains in the peptide chain of a native protein leading to unfolding of the 
molecule and a change in its three dimensional configuration. Such a change of a 
protein molecule from its natural three dimensional form to an altered form leading 
to a change in its properties is called denaturation’ of the protein. However, 
denaturation is not associated with rupture of the covalent peptide bonds. Hence, due 
to denaturation of a protein molecule, its primary structure (amino acid sequence), 
molecular weight and osmotic pressure do not change but other properties are altered 
and biological activities are lost. As a result of denaturation, the protein molecules 
aggregate and precipitate. 

The denaturation of a protein may be reversible or irreversible, In, reversible 
denaturation, there is only, slight change in the properties of the protein which can 
be restored. to native state spontaneously or by suitable treatment, In irreversible 
denaturation, the changes in the properties of the protein are severe and permanent, 


1.7.7. THREE DIMENSIONAL STRUCTURE OF PROTEINS 


A protein molecule is made up of many amino acid molecules. In 1920, Emil 
Fisher and Hofmeister independently proposed that the main type of linkage between 
the amino acids in a protein is the peptide bond. However, it has been revealed that 
some other types of forces of attraction (or 
bonds) such as hydrogen bonds, ionic (or 
electrostatic) bonds, hydrophobic bonds, 
disulphide bonds and Vander Waals forces 
are also important for maintaining the 
characteristic folded structure of a protein, 
The molecular structure of proteins have 
four orders as follows. 

[1] Primary structure—The sequence 
Of amino acids in the peptide chain(s) of a 
protein molecule is referred to as its primary 
Structure. Each protein has a definite 
primary structure, and proteins differ 
basically due to the difference in their 
primary structures. The primary structure 
Fig, 1: Primary (A), secondary (B), tertiary of a protein is formed by the covalent 
(C), and quatemary (D) structure of protein, peptide bonds joining the amino acids. 
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[2] Secondary structure—The peptide chain of cach protein remains coiled or 
folded in a definite orderly manner, Such folding is called secondary structure of the 
protein and it is caused by linking of the carbonyl ICO) and amide (NH) groups of 
2 peptide bonds located closely on the same peptide chain by hydrogen 

5. > 

[3] Tertiary structure—The peptide chain with its secondary structure is further 
folded on another plane to form a three dimensional structure, This is called the 
tertiary structure, It is due to formation of different bonds between the amino acids 
located far apart in the peptide chain but brought closer by the secondary structure 
of the protein, 


[4] Quaternary structure—Proteins may be Monomeric (i.e, consisting of only 
single polypeptide chain) or oligomeric (he. onsisting, of more, than one polypeptide 
chains), The monomeric proteins possess only primary, secondary and, tertiary 
structures as described above, The oligomeric proteins display an additional fourth 
level of organisation due to interconnection between the subunits (peptide chains) of 
the protein, This is called quaternary structure of the protein by which its subunits 
remain coiled over each other, . 


17.8. SOME COMMON BIOCHEMICAL TESTS FOR PROTEINS = 


[1] Biuret test—tIt is a general test for proteins and their derivatives (except 
dipeptides) possessing two or more peptide linkages, It is a colour reaction. If the 
protein solution is mixed with dilute CuSO, solution and dilute NaOH solution, à 
characteristic colour is developed depending on the nature of the protein, Higher 
proteins e.g., albumin and globulin give a purplish violet colour, gelatin gives a 
bluish violet colour and lower proteins give a pink colour. | 

[2] Millon’s test-It is also a colour reaction, It is u test for proteins containing 
the phenolic amino acid tyrosine. For this test, the protein solution is mixed with 
Millon’s reagent and heated. In case of higher proteins like albumin and globulin, 
a brick-red coagulum is formed, lower proteins like peptones and proteoses give a 
fed solution and gelatin being deficient in tyrosine does not respond to this test. 

[3] Heat coagulation test—It is a good test for albumin" and globulin, If a 
solution containing albumin Or globulin is boſſed. a White coagulum is formed. 
Coagulation by heat is facilitated by acidifying the solution with acctie acid) This 
coagulation is irreversible and the coagulum is insoluble in dilute acids, alkalies, salt 
solutions and cold water. Heat coagulation is due to denaturation of proteins , This 
test is not given by gelatin and peptone, ‘ 

[4] Esbach’s test—It is a precipitation test. Albumin, globulin and gelatin responds 
to this test but peptone does not. When a solution containing albumin. or globulin or 
gelatin is mixed with Esbuch's reagent, a yellow precipitate is formed. 


1.8, Chemistry Of Lipids 


The terms lipid and fat are often used as synonyms, But in fact fats are simply 
class of lipids, ie., all fats are lipids but all lipids are not fats. In lipids, fatty acids 
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remain combined with alcohol. A brief description of fatty acids is given below 
before going into the description of lipids. 


1.8.1. DEFINITION OF FATTY ACIDS 


Fatty acids are monocarboxylic acids that are found in natural fats or lipids. As 
they are prepared from fats, they are so named. 


1.8.2. TYPES OF FATTY ACIDS 


Fatty acids are classified according to their structure into four classes—{1] simple 
or straight chain fatty acids, [2] branched chain fatty acids, [3] hydroxy fatty acids 
and [4] cyclic fatty acids. 

[1] Simple or straight chain fatty acids—Most of the common fatty acids 
belong to this group in which the carbon atoms remain arranged in a single straight 
(unbranched) chain. These may be divided into two subclasses—(a) saturated and 
(b) unsaturated. 


[A] Saturated fatty acids—There is no double bond in the carbon chain of these 
fatty acids. They have the general formula C,H2,02 or CnHzn+ı COOH or CH3 
(CH2) COOH and they occur in two series- even carbon fatty acids and odd 
carbon fatty acids that contain even and odd number of C atoms in their molecules 
respectively. The former series (even carbon acids) are more numerous in nature, 
ranging from C2 to C25. Among these the most common is Cis fatty acid called 
palmitic acid, Other common examples of even carbon fatty acids are acetic acid 
(C2), butyric acid (Ca), stearic acid (Cig) etc. Odd carbon fatty acids ranging between 
C3 to Cys are also found in nature, but much less frequently. A few examples of odd 
carbon fatty acids are propionic acid (C3), valeric acid (Cs), heptanoic acid (C7) etc. 


[B] Unsaturated fatty acids—This group is characterised by having one or 
more double bond(s) in their carbon chain. According to the number of double bonds 
present in the molecule, such fatty acids are grouped as monoenoic, dienoic, trienoic, 
tetraenoic, pentaenoic ete. However, those containing more than one double bonds 
are collectively referred to as polyenoic acids. Common examples of such fatty acids 
are oleic acid, palmitioleic acid, linolenic acid, linoleic acid, arachidonic acid etc. 
Three of these namely linolenic acid, linoleic acid and arachidonic acids are called 
essential fatty acids because they are not synthesised in our body but are essentially 
required for growth and hence they must be taken through diet. 


[2] Branched chain fatty acids— Some even or odd carbon fatty acids have 


branched chains. These are less abundant in nature. Example isobutyric acid, 
isovaleric acid etc. 

[3] Hydroxy fatty acids—In some saturated or unsaturated fatty acids, one or 
more H atoms are substituted by hydroxyl COH) groups: Example—cerebronic acid, 
ricinoleic acid, dihydroxystearic acid etc. 

[4] Cyclic fatty acids—Fatty acids containing hydrocarbon ring are of this type. 
Example chaulmoogric acid, gorlic acid etc. 

Fatty acids containing upto ten carbon atoms are referred to as lower (or small 
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chain) fatty acids whereas those having more than ten carbon atoms are called 
higher (or long chain) fatty acids, 


1.8.3. DEFINITION AND COMPOSITION OF LIPIDS 


Lipids are esters of fatty acids. An ester is an organic compound formed from an 
alcohol and an acid by removal of water, corresponding to salts in inorganic chemistry. 
Lipids are composed of C, H and O mainly but some of them may also contain P, 
S and N. However, they contain much less O than carbohydrates. A lipid molecule 
is basically made up of an alcohol (glycerol, cholesterol, spyngosine etc.) and fatty 
acid(s). Some lipids contain certain other constituents to make their molecules more 
complex. 

1.8.4. CLASSIFICATION OF LIPIDS 

Lipids are broadly divided into 2 main classes— simple lipids and compound 
lipids. 

[1] Simple lipids : These are composed of fatty acid and alcohol only and do not 
contain any other substituent group. They may again be divided into 3 subgroups :— 

[A] Fats and oils or glycerides—These are esters of fatty acids with glycerol (a 
trihydroxy alcohol) and hence are also called glycerides. Those glycerides that remain 
solid at room temperature are called fats whereas low melting point glycerides that 
remain liquid at room temperature are called oils (fatty oils). Depending on the 
number of fatty acid molecules present in the glycerides, they may be of three 
types—(i) monoglycerides, in which only one OH group of glycerol is esterified 
by a single fatty acid ; (ii) diglycerides, containing two fatty acids esterified with 
two -OH groups of glycerol and (iii) triglycerides, in which all the three basic 
hydroxyl groups of glycerol remain esterified (neutralised) by three fatty acids. So, 
triglycerides are also called neutral fats. Most of the natural fats and oils are 
triglycerides. Monoglycerides and diglycerides present in the body are mainly produced 
as intermediate compounds during synthesis and breakdown of triglycerides. Often 
the names neutral fat, triglyceride and fat are used synonymously. Glycerides of each 
variety vary due to the kind of fatty acids present in them. 


Ester bonds 


CH,O[H+HO ]0c—R, 3m0 Cl Kap +R 
l — Formation 
CHO HHC Oc—R, 0 O0 f 2 
| Hydrolysis | | | 
CH,0[H+HO]OC —R, 7 8 c- oO. 
31120 
Glycerol 3 Fatty acids Triglyceride 
L (Mixed) 


Fig. 1.9 : Formation and hydrolysis of ester bonds of a fat (triglyceride). 
IRI. Rz and Rs represent the side chains of three different fatty acids] 


826 A TEXT BOOK OF BIOLOGY 


Triglycerides may be divided into two groups-simple and mixed. Simple 
triglycerides are those in which the three glycerol-hydroxyls are esterified with 3 
molecules of the same fatty acid ; examples are- tripalmitine, tristearin, triolein etc. 
Mixed triglycerides contain two or three different fatty acids; examples are— 
stearo-oleo-palmitine, stearo-dipalmitine efc. Fats having higher melting points contain 
long chain saturated fatty acids whereas oils having low melting points contain 
smaller or unsaturated fatty acids mainly. 


[B] Waxes—Waxes are fatty acid esters of alcohols other than glycerol. The fatty 
acids present in waxes are generally long chain (higher) acids and alcohols are 
monohydroxy alcohols. Examples are—lanolin (or wool wax), beeswax, carnauba 
wax (of leaf cuticle), sperm oil (of the head of sperm whale) etc. Sebum and cerumen 
also contain waxes. 


[C] Steroids—These are compounds containing ‘cyclopentanoper- 
hydrophenanthrene’ as the parent nucleus (or steroid nucleus). Many of these contain 
free hydroxyl groups and are called sterols. The sterols may remain in free form or 
as esters of fatty acids in natural lipids. Esterified sterols may also, be considered as 
waxes. However, the terms steroid and sterol are often used synonymously. Exmples 
are— chlolesterol and allied compounds e.g., hormones of adrenal cortex, testis and 
ovary. Unesterified sterols are also included in lipids because they. are soluble in 
typical lipid solvents. 


[2] Compound lipids :These are fatty acid esters (or lipids) containing additional 
groups such as phosphate, sulphate, sugars, prot ins étc., and accordingly they are 
classified into the following subgroups. ; 

[A] Phospholipids—These are phosphoric acid containing lipids. The phosphoric 
acid remains as a diester ie., esterified with the alcohol at one end and with a 
nitrogenous base (choline or ethanolamine) or amino acid (serine or threonine) or 
sugar alcohol (inositol) at the other end. Phospholipids are of two main types— 


(i) Glycerophosphatides— In these phospholipids, glycerol is the alcohol. They 
are also called phosphoglycerides..Example—lecithins, cephalins etc. 

(ii) Sphingomyelins—In this type, the nitrogenous alcohol sphingosine is present 
instead of glycerol. Example— phospholipids of myelin sheath. 

[B] Glycolipids or Cerebrosides—These are fatty acid esters of sphingosine and 
contain in addition a hexose sugar (galactose or glucose). They differ from each 
other by containing different fatty acids. Examples are cerebron, nervon etc., that are 
found in brain and nerves. 


[C] Sulfolipids—These are cerebroside sulfurie acid esters, also called cerebroside 
sulfates. Example—cerebron sulfate. 


[D] Proteolipids—These are combinations of lipids and proteins, the lipids being 
mainly phospholipids. Such lipids are abundant in cell membranes and blood. 
[E] Gangliosides—These are also carbohyrate rich lipids (glycolipids) but they 


contain fatty acids, sphingosine, hexoses, hexosamines and sialic acid. Such lipids 
are found in brain. 
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Chart showing classification of lipid with examples, within brackets. 


Lipids 


Simple lipids Compound lipids 
Fats or Oils or Glycerides Phospholipids 


Monoglycerides Glycerophosphatides 
(lecithins, cephalins) 
Diglycerides 
Sphingomyelins 
Triglycerides (myelin sheath lipids) 


Simple triglycerides Glycolipids or Cerebrosides 
(tripalmitine, tristearin) (crebron, nervon) 


Mixed triglycrides Sulfolipids 
(stearo-oleo-palmitine) (cerebron sulfate) 


Waxes Proteolipids 
(bees wax, lanolin, sperm oil) (membrane lipids) 


Steroids Gangliosides 
(cholesterol, estrogen, progesterone, (brain. lipids) 
testosterone, cortisol) 


1.8.5. PROPERTIES OF FATS 


[1] Solubility : Lipids are insoluble in water but soluble in organic solvents like 
ether, benzene, chloroform; hot alcohol etc. 

[2] Saponification and Saponification number (value): When fats or oils are 
boiled with alkalies like KOH, NaOH etc., the fats are hydrolysed into glycerol and 
fatty acids, and the fatty acids form soaps (salts of fatty acids with metal ions). This 
is called saponification. Thus saponification can be defined as formation of soap by 
boiling a fat or oil with an alkali. 

For example— 


(i) Tristearin + 3 KOH Me his ei 3, Potassium stearate. +; glycerol 
(Fat) (Soap) 
Heat f 
Gi) Triolein + 33 NOH 9 3 Sodium oleate + glycerol 
(Fat) (Soap) 


The number of milligrams of KOH required to saponify completely one gram of 
a given fat or oil is called its saponification number or saponification value. For 
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saponification, each fatty acid residue in the fat (triglyceride) uses one molecule of 
KOH. So, the amount of KOH required to saponify 1g. of a particular variety of fat 
depends upon the number of fatty acid molecules present in 1g. of that fat which 
inturn is inversely proportional to the molecular weights of the fatty acids present in 
the fat. A fat containing smaller fatty acids (having low molecular weight) will 
contain greater number of fatty acid molecules per gram of fat, and its saponification 
value will be higher. 


1 
Molecular weight (or chain length) of the fatty acids in a fat 


s. Saponification number « 


Thus, the saponification number gives an idea about the average molecular weight 
of the fatty acids in a fat. For example, butter has a higher saponification number 
(220-230) than castor oil (175-180) ; this means that butter contains smaller chain 
fatty acids than castor oil. 

[3] Additive reactions or Reactions due to unsaturation : Triglycerides (neutral 
fats or oils) containing unsaturated fatty acids exhibit additive reactions in which the 
unsaturated fatty acids present in a triglyceride take up other elements and become 
saturated. Two such additive reactions are of biological interest ; these are 
hydrogenation and halogenation. 

[A] Hydrogenation—It means saturation of the unsaturated fatty acids in a fat 
or oil by adding hydrogen in presence of suitable catalysts. Hydrogenation raises the 
melting point. Oils which are liquid at ordinary room temperature (due to presence 
of unsaturated fatty acids in them) become solidificd on hydrogenation. This is the 
basis of manufacture of edible vanaspati (e.g., Dalda) or margarine from inedible and 
cheap vegetable oils like cottonseed oil. 

[B] Halogenation and iodine number—Halogenation of a fat means saturation 
of the unsaturated fatty acids present in the fat by adding halogens like iodine or 
bromine to it. The amount of halogen required to saturate a fat is expressed by the 
term iodine number. The iodine number is defined as the number of grams of iodine 
absorbed by 100g of fat. 

The iodine number gives an estimate of the degree of unsaturation and the relative 
amounts of unsaturated fatty acids in the molecules of a fat. The higher the iodine 
number, the greater is the degree of unsaturation in a fat. 


. Iodine number œ Degree of unsaturation of a fat 


For example, plant oils like cottonseed oil or olive oil have higher iodine numbers 
than solid fats like butter or meat-fat because the former group contains more 
unsaturated fatty acids in their molecules. 


[4] Rancidity and Acid number :When fats and-oils become old and stale, they 
develop an unpleasant odour and taste. This is referred to as rancidity. Thus, rancidity 
can be defined as development of an unpleasant odour and taste of a fat or oil on 
keeping it for a long time. It is facilitated by exposure of the fat or oil to light, 
moisture, air and warm temperature. Rancidity is caused by liberation of free fatty 
acids from the fat by hydrolysis and microbial decomposition of the. fatty acids. 
Vegetable fats (or oils) contain certain antioxidants like vitamin E, phenols, 
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hydroquinones etc., which prevent rancidity. Hence, vegetable fats can be preserved 
for longer periods than the animal fats. The degree of rancidity of a fat is estimated 
by titrating the free fatty acids present in a fat with KOH, and it is expressed by the 
acid number. The acid number is defined as the number of mgs of KOH required 
to neutralise the free fatty acids present in Ig of fat. 

Older is a fat (i.e., the greater is the rancidity of the fat), higher is the number 
of free fatty acids in it and hence its acid number. Thus, the acid number indicates 
the degree of rancidity of a given fat. 


Acid number œ Degree of rancidity. 


Bee ee ee ee REVISIONS ee eee ee 


Fatty acids—Monocarboxylic acids found in lipids. 

Saturated fatty acids—Fatty acids without any double or triple bond in their 
chains, 

Unsaturated fatty acids—Fattyacids having double or triple bond in their chains. 
Essential fatty acids—Polyunsaturated fatty acids that are not synthesised in the 
body but required for growth e.g., linoleic acid, linolenic acid and arachidonic 
acid. 

Esters—Compound formed by combination of an organic acid with an alcohol. 
Linids Esters of fatty acids. 

Fats—Esters of fatty acids with glycerol (i.e., glycerides) that remain solid at 
normal room temperature. 

Oils—Glycerides that remain liquid at normal room temperature. 
Waxes—Esters of fatty acids with an alcohol other than glycerol. 
Steroids—Substances containing ‘cyclopentanoperhydrophenanthrene ring’. 
Simple lipid—A lipid made up of fatty acid and alcohol only. 

Compound lipid—A lipid in which an additional group remains combined with 
a simple lipid. 

Saturated fat—A fat containing saturated fatty acids. 

Unsaturated fat—A fat containing unsaturated fatty acid(s). 
Saponification—Formation of soap by boiling a fat or oil with an alkali. 
Soap—Salts of fatty acids with metal ions. 

Saponification number—Milligrams of KOH required to saponify completely 
one gram. of a fat or oil, 

Iodine number—Grams of iodine absorbed by 100 grams of a fat. 
Rancidity—Development of an unpleasant odour and taste of a fat or oil when 
it becomes old. 

Acid number—Milligrams of KOH required to neutralise the free fatty acids 
present in one gram of fat. 


1.9. Metabolism : Utilization Of Absorbed Food 


© What is metabolism 2 The food materials absorbed from gut are supplied 
through circulatory system to all parts of the body and are utilized by the tissues for 
the purpose of nutrition. Utilization and fate of the absorbed food materials in the 
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body is referred to as metabolism which includes various biochemical processes. In 
broader sense, metabolism can be defined as the sum total of the physical and 
chemical processes occurring in the cells of a living organism. 

Metabolism is divisible into two parts—catabolism and anabolism. Catabolism 
includes the degradative processes occurring within the cells by which the food 
materials are broken down and oxidized into simple excretable products with release 
of energy. The released energy is captured as high energy phosphate bonds (P) of 
ATP which maintains the active processes of the body e.g., nerve impulse conduction, 
muscle contraction, active transport of materials across the cell membrane etc., Cellular 
respiration is the best example of catabolism ; hence, cellular respiration is also 
referred to as respiratory metabolism. Conversely, the constructive biochemical 
reactions taking place within the cells are grouped as anabolism. By this process 
simple molecules are converted into complex, larger molecules that are either stored 
as reserve food (i. e., source of energy for future use) or utilized for growth and 
replacement of the wear and tear of tissues. 


1.10. Metabolism Of Carbohydrates 


Carbohydrates are absorbed from the gut by the portal blood, mainly in the form 
glucose and to some extent as fructose and galactose. These sugars are first carried 
to liver where fructose and galactose are converted to glucose ; thus other sugars are 
also metabolised through glucose. The liver stores glucose and releases it into the 
general circulation according to the need of the body so that the level of glucose in 
blood is maintained within a limit. The normal range of blood glucose (sugar) level 
is 80-120 mg/100 ml ; the fasting level is 80-100 mg/100 ml and the post-prandial 
(PP) level (ie, just 2 hrs after a full meal) is 100-120 mg/100 ml.* During absorption, 
the level of blood sugar is raised but within a few (2-3) hours it comes back to 
normal because the excess glucose is taken up by the tissues like liver, muscles, 
adipose tissues etc., and stored in them. An abnormal increase in blood sugar level 
is referred to as hyperglycemia. If the blood glucose level becomes very high (above 
180 mg/100 ml), glucose is excreted through urine and the condition (U e., presence 
of glucose in urine) is termed glycosuria (or glucosuria). These two symptoms 
(hyperglycemia and glycosuria) are developed in diabetes mellitus which is an 
endocrine disorder caused by a deficiency of the pancreatic hormone, insulin. Fall 
of blood sugar level is refered to as hypoglycemia which may occur in cases of 
administration of excessive doses of insulin. Carbohydrate metabolism in animal 
body is essentially the metabolism of glucose because glucose is the most abundantly 
available and easily utilizable carbohydrate in the body and it occupies a central 
position in carbohydrate metabolism. Carbohydrate metabolism is also intimately 
related to the metabolism of lipids and proteins. Different processes ‘involved in 
carbohydrate (glucose) metabolism are described below under’ three broad 
subheadings: [1] Catabolism and oxidation of glucose, [2] Synthesis of different 
materials grom glucose and [3] Production of glucose, 


1.10.1. CATABOLISM AND OXIDATION OF GLUCOSE (CARBOHYDRATES) 
The chief function of glucose in the body is to supply energy and it is the chief 
fuel of the body. Each gram of carbohydrate on being completely oxidized in the 


* Nowadays, the fasting sugar level as low as 60 mg/100 ml and the PP level as high as 140 mg/ 
100 ml are considered as normal. 
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body yields about 4 keal of energy*. The main pathway of glucose oxidation consists 
of glycolysis and TCA (tricarboxylic acid) cycle. However, some tissues have an 
alternative pathway called pentose phosphate pathway (PPP) or hexose 
monophosphate (HMP) shunt pathway for oxidation of glucose. These pathways 
involve a complicated series of reactions for carrying out—(i) dissimilation of C 
atoms as CO by decarboxylation (i.e., removal of CO; from the COOH groups) and 
(ii) Oxidation of the substrate by dehydrogenation (i.e., removal of 2H atoms) with 
the help of a carrier like NAD, FAD etc., which itself becomes reduced. The reduced 
carrier (NADH or FADH) is finally reoxidized through the electron transport 
system (ETS) by transferring the 2H atoms to molecular oxygen to form H30. 

During catabolism, the energy stored in the glucose molecule is released and a 
part of it is recaptured by phosphorylating ADP (i.e., by adding a ~P to ADP) to 
form ATP. Formation of ATP may occur in either of the following two ways (i) 
by oxidative phosphorylation in which phosphorylation is coupled with oxidation in 
ETS ; or (ii) by substrate level phosphorylation in which ADP is phosphorylated by 
a high energy intermediate without involving the ETS. Different pathways through 
which carbohydrates are oxidatively catabolized are described below. 


1.10.1. A. GLYCOLYSIS 


® Definition: Glycolysis is the process of breakdown of carbohydrates to pyruvic 
acid. 

The term glycolysis was originally coined to indicate breakdown or lysis of 
glycogen which occurs in skeletal muscles. Later, it has been revealed that other 
carbohydrates are also degraded by the same pathway in various cells. Glycolysis is 
also known as Embden-Meyerhof-Parnas (in short EMP) pathway after the names 
of the scientists who described it. 

Glycolysis is the preliminary pathway. for catabolism of carbohydrates. In this 
process, a 6C compound (hexose) is simply broken into two molecules of a 3C 
compound (pyruvic acid) and none of the C atoms is freed as CO}, Oxidation is 
carried out in one of the steps by removal of two H atoms from the substrate. The 
H atoms are carried by certain carrier coenzyme (nicotinamide adenine dinucleotide 
or NAD) which becomes reduced (NADH)). As the stock of NAD in a cell is 
limited, the NADH is oxidized to regenerate NAD in order to maintain its steady 
supply for running the glycolytic process. In animal tissues, oxidation of NADH) 
may occur either aerobically or anaerobically depending upon availability of oxygen. 
Thus, glycolysis may continue to occur both in the aerobic as well as anaerobic 
conditions, Under aerobic condition, the NADH; is oxidized by transferring its 2H 
atoms to molecular oxygen (through the ETS) to produce water. On the other hand, 
under anaerobic condition, the NADH; is oxidized by transferring its 2H atoms to 
pyruvic acid (produced in glycolysis) which is redueded to lactic acid. So the end 
product of aerobic glycolysis is pyruvic acid while that of anaerobic glycolysis is 
lactic acid. However, glycolysis is generally considered as an anaerobic process 
because it does not directly involve oxidation by molecular oxygen and can also 
proceed in absence of oxygen. 
© Site of glycolysis : Earlier, it was believed that glycolysis occurs in yeasts and 
skeletal muscles only. But later it was revealed ‘that glycolysis is carried out by 


* Energy (kcal) supplied by 1g of a food in the body is called physioligical fuel (energy) value of 
the food. 
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almost all living tissues. The enzymes responsible for glycolysis are present in the 
cytosol (i. e., soluble fraction of cytoplasm or cytoplasmic matrix) of the cells, which 
therefore is the cellular site of glycolysis. 


© Pathway of glycolysis : 

Glucose is the starting material for glycolysis in majority of cells. However, 
glycolysis may start from glycogen in muscles, adipose tissue and liver. Hexose 
sugars like fructose, galactose etc., may also be catabolized through this pathway in 
certain tissues like liver. The pathway of glycolysis is shown in Fig. 1.10. For being 
oxidized through this pathway, the hexose units are at first activated by phosphorylation 
(ie; addition of a phosphate group) because it proceeds through a number of 
phosphorylated intermediates. 


Hexokinase 

isomerase _ Fructose - 6 - 
-6- ——— ——— 
GLUCOSE Glucose-6-phosphali phate 


ATP ATP 
Phospho- p 
lucomutase Mg" 'hospho- 
pi 2 fructokinase 


ADP 


GLYCOGEN Phosphorylase alana 4 
5 S ucose-1-phosphate Fructose-1,6 - diphosphate 
(in animals) Pi 


Aldolase 


® 


Glyceraldehyde-3-phosphate 


£ dehydrogenase 
1,3-Diphosphoglyuceric: Glyceraldehyde-3- Dihydroxy- 
acid Pi © phosphate acetone — 1 
ADP WADED (NED phosphate 
Mg" O] Phosphoglyceric i 
ATP. kinase 


Triosephosphate 
isomerase 


3-Phosphoglyceric acid SADP+3Pi  3ATP 


O Phosphoglyceromutase Aerobic state 


(Mitochondria) £0, 
Anaerobic 


2-Phosphoglyceric acid state 


Enolase 


H,O 
Phosphoenol pyruvic acid 
ADP 


Mg” O Pyruvic kinase NADH, NAD 
ATI © 


Pyruvic acid 7 Lactic acid 
Lactic dehydrogenase 


Fig. 1.10 : Pathway of glycolysis. 
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Glucose enters into the glycolytic pathway by phosphorylation to glucose-6- 
phosphate. This reaction is catalyzed by the enzyme hexokinase requiring ATP as 
the phosphate donor and Mg** as the cofactor. The glucose-6-phosphate is then 
converted to fructose-6-phosphate by the enzyme phosphohexose isomerase followed 
by another phosphorylation by ATP, catalyzed by the enzyme phosphofructokinase 
in presence of Mg** to produce fructose-1,6- -diphosphate (or fructose-1,6- 
bisphosphate). This hexose diphosphate is then split by aldolase into two triose 
phosphates, glyceraldehyde-3-phosphate and dihydroxyacetone-1-phosphate, that 
are interconvertible by the enzyme phosphotriose isomerase. 

Glycolysis proceeds by oxidation of glyceraldehyde-3-phosphate, and due to the 
presence of phosphotriose isomerase, the dihydroxyacetone-1-phosphate also follows 
the same path. Oxidation of glyceraldehyde-3-phosphate is accompanied by its 
phosphorylation to produce 1, 3-diphosphoglyceric acid, the reaction being catalyzed 
by the enzyme glyceraldehyde-3-phosphate dehydrogenase. In this reaction, oxidation 
is accomplished by removal of 2H atoms by NAD which becomes reduced to NADH), 
and inorganic phosphate (Pi or H3PO,) is the phosphate donor. 

In the next step, 1, 3-diphosphoglyceric acid is converted to 3-phosphoglyceric 
acid by transferring the high energy phosphate from its first carbon to ADP to form 
ATP by the action of the enzyme phosphoglyceric kinase requiring Mg. ATP 
formation in this step is an example of substrate level phosphorylation. As 2 
molecules of triose phosphates are formed per molecule of glucose, 2 molecules of 
ATP are generated at this step per molecule of glucose. 

The 3-phosphoglyceric acid is then converted to 2-phosphoglyceric acid by the 
enzyme phosphoglyceromutase. Next, the 2 phosphoglyceric acid is dehydrated by 
the enzyme enolase to form 2-phosphoenol pyruvic acid. Finally, the energy rich 
phosphate of the 2-phosphoenol pyruvic acid is transferred to ADP by the enzyme 
pyruvic kinase in presence of Mg” to form ATP, leaving the pyruvic acid. Formation 
of ATP in this reaction is another example of substrate level phosphorylation. In this 
step also, 2 molecules of ATP are produced per molecule of glucose oxidized. 

Under aerobic condition, glycolysis ends at pyruvic acid which is further 
catabolized through the TCA cycle. Thus, for each molecule of glucose, 2 molecules 
of pyruvic acid are formed at the end of glycolysis. The overall equation for 
aerobic glycolysis (breakdown of glucose to pyruvic acid) is— 


CoH 206 NAD + 2ADP + 2Pi —> 2CH3.CO.COOH + 2NADH) + 2ATP + 2H20. 
(glucose) (pyruvic acid) 


The NADH) produced in aerobic glycolysis is oxidized in the ETS by molecular 
oxygen to regenerate NAD and produce H30. This is accompanied by formation of 
3ATP by oxidative phosphorylation. 

Under anaerobic condition, the TCA cycle and ETS do not operate. So, in order 
to regenerate NAD from NADH), the 2H atoms of NADH) are transferred to pyruvic 
acid which is thus reduced to lactic acid. This is catalyzed by the enzyme lactic 
dehydrogenase. The overall equation for anaerobic glycolysis is— 


C6H 206 + 2Pi + 2ADP — 2CH3.CHOH.COOH + 2ATP + 2H,0. 
(glucose) (lactic acid) 


2253—53 
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Although most of the glycolytic reactions are reversible, three of them catalyzed by 
hexokinase, phosphofructokinase and pyruvic kinase are irreversible. 

Catabolism of glycogen through glycolysis is initiated by the action of the enzyme 
phosphorylase which splits the terminal glucose units (i. e., terminal 1-4 glycosidic 
bonds) of glycogen as glucose-1-phosphate by phosphorolysis (i. e., lysis by adding 
phosphate group). In this reaction, Pi is required as the phosphate donor. After 
repeated action of phosphorylase, as a branching point of glycogen containing 1-6 
glycosidic bond is reached, the phosphorylase cannot act on it. For this, there is 
another enzyme called debranching enzyme which splits the branched points of the 
glycogen molecule so that the phosphorylase can act again. The glucose-1-phosphate 
is finally converted to glucose-6-phosphate by the enzyme phosphoglucomutase so 
that it may enter the glycolytic pathway. 

Fructose may enter the glycolytic pathway on being phosphorylated to fructose- 
6-phosphate by the enzyme hexokinase requiring ATP and Mg**. For oxidation of 
galactose, it is first phosphorylated to galactose-1-phosphate by the action of a 
specific enzyme galactokinase requiring ATP and Mg**. Galactose-1-phosphate is 
then converted to glucose-1-phosphate through complicated reactions and enters the 
pathway of glycolysis. 


© Significance of glycolysis : 


[1] Primary oxidative pathway: Glycolysis is the common primary pathway for 
oxidation (catabolism) of different carbohydrates in both aerobic and anaerobic 
conditions. 

[2] Energy release and ATP production : Glycolytic process helps to release 
a part of the energy stored in carbohydrate food. The amount of ATP produced in 
this process depends upon the type of food being oxidized and availability of O2. 

When glucose or fructose is oxidized in presence of O, (i.e., in aerobic 
condition): 2ATP are initially consumed (1ATP each in hexokinase and 
phosphofructokinase reactions). 4ATP are produced in two substrate level 
phosphorylations catalyzed by phosphoglyceric kinase and pyruvic kinase. (1ATP in 
each reaction for each triose ; so 2 ATP in each step for 1 molecule of glucose). 
Further, the NADH produced in the glyceraldehyde-3-phosphate dehydrogenase 
reaction generates 3 ATP when oxidized through ETS in presence of molecular Oz. 
So, 6 ATP (3 x 2) are produced for the two trioses formed from each glucose. Thus 
the net gain is 4 + 6 — 2 = 8 ATP per glucose (or fructose) molecule oxidized. 

When glycogen is oxidized in aerobic condition : For each glucose unit, the 
production of ATP is same i.e., 4 + 6 = 10,ATP, but the consumption is only 1ATP 
(since hexokinese reaction is not required). Thus, the net gain for oxidation of each 
glucose unit of glycogen = 4 + 6-1 9 ATP. 

In anaerobic condition, the ETS does not operate ; hence no ATP is formed 
from oxidation of NADH), and the net gain of ATP is lowered. In this condition, the 
net gain per glucose molecule is 4 - 2 = 2 ATP and that for each glucose unit of 
glycogen is 4 - 1 = 3 ATP only. 

[3] Formation of fats and amino acids : Some of the products of glycolysis are 
used in synthesis of fats and amino acids. The dihydroxyacetone-1-phosphate formed 
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in the aldolase reaction of glycolysis may be converted to glycerol which is a 
component of fats. The pyruvic acid and its carboxylation product oxaloacetic acid 
may produce the amino acids alanine and asparatic acid respectively. 


1,10.1.B. TRICARBOXYLIC ACID CYCLE (in short TCA cycle) 


Definition: The cyclic final common pathway for oxidation of carbohydrate, fat 
and protein through which acetylcoenzyme A (acetyl CoA) is completely oxidized to 
carbon dioxide and ultimately water, is known as tricarboxylic acid (TCA) cycle. 

The TCA cycle is so named because it proceeds through formation of tricarboxylic 
acids i.e., acids containing three carboxyl (-COOH) groups, in the first few steps. 
Among these, the first product is citric acid ; hence the cycle is also called citric 
acid cycle. This cyclic pathway is popularly known as Krebs cycle after the name 
of a renowned English biochemist Sir Hans Krebs who first described it in 1937 
as the pathway for complete oxidation of pyruvic acid. 

Unlike the glycolytic pathway, the TCA cycle can operate in aerobic condition 
only. Although TCA cycle is considered as the pathway of complete oxidation of 
acetyl CoA to CO, and H30, in fact HaO is not produced in this cycle ; it simply 
degrades the acetyl CoA to release CO) and H atoms. The H atoms released in 
several steps of this pathway are carried by NAD or FAD which become reduced to 
NADH) or FADH}. These reduced carriers are reoxidized by molecular O, through 
the ETS to regenerate the NAD or FAD and produce H30. In absence of Op, as the 
ETS becomes inoperative, regeneration of NAD and FAD is not possible and the 
TCA cycle stops immediately. Thus, inspite of the fact that oxidation reactions of 
TCA cycle are carried out by dehydrogenation (and not by molecular O3), the TCA 
cycle is regarded as an aerobic process because of its dependence on ETS which 
essentially requires presence of O2. 
® Site of TCA cycle: TCA cycle operates in all living tissues where respiration is 
of aerobic type. In contrast to the enzymes of glycolysis, the complete set of enzymes 
responsible for TCA cycle is located in the mitochondrial matrix, close to the 
enzymes of ETS. The functional significance of location of these two sets of enzymes 
within mitochondria is obvious. 
© Pathway (or reaction steps) of TCA cycle: 

The basic plan of TCA cycle is as follows : acetyl CoA, a 2C compound, 
combines with a 4C compound, oxaloacetic acid (OAA), to form a 6C compound, 
citric acid. The citric acid is subsequently degraded through a series of reactions 
which liberate CO, and H atoms and finally regenerate OAA. Therefore, the OAA 
functions in a catalytic manner in TCA cycle for complete catabolism of acetyl CoA. 
For complete oxidation of carbohydrates, the pyruvic acid formed as a result of 
glycolysis has to enter the TCA cycle. Before the pyruvic acid can enter the TCA 
cycle, it must be converted to acetyl CoA by oxidative decarboxylation. The 
reaction is catalyzed by a multienzyme system known as pyruvic dehydrogenase 
complex present in the mitochondria which requires thiamine pyrophosphate (TPP), 
lipoic acid, NAD and coenzyme A (CoA-SH) as coenzymes. In this reaction, CO 
and 2H atoms are removed from pyruvic acid (which is thus decarboxylated and 
oxidized) and CoA-SH is added to the resulting 2C compound to form acetyl CoA. 
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The 2H atoms are carried by NAD as NADH) which is reoxidized by molecular O, 
through ETS to generate 3ATP. Thus, for each hexose unit, 2 x 3 = 6ATP are 
generated in this step. Acetyl CoA may also be derived from oxidation of fatty acids 
which will be described later. Oxaloactetic acid (OAA), the other startring material 
for TCA cycle, is formed mainly by carboxylation of (i.e., addition of CO, to) 
pyruvic acid, the reaction being catalyzed by the enzyme pyruvic carboxylase. OAA 
may also be derived from deamination or transamination of aspartic acid (an amino 
acid). However, it should be noted that the reactions responsible for production of 
acetyl CoA and OAA are not included in the TCA cycle proper. 

The TCA cycle proper begins with formation of citric acid by combination of 
acetyl CoA and OAA, the reaction being catalyzed by the enzyme citrate synthase. 


In this reaction, a molecule of HO is consumed and CoA-SH is freed which can be 
reused in the formation of acetyl CoA. 


Pyruvic 
dehydrogenase 


NADH, 


Malic dehydrogenase 


Isocitric 
dehydrogenase 


FUMARIC ACID 


H &-Ketoglutaric 
dehydrogenase 
Succinic (©) co, 
dehydrogenase NADH, 
ADP + Pi 
F. AD SUSCINIC ACID] Succinyl thiokinase 


® ATP 


Fig. 1.11 : Krebs TCA cycle. 


Citric acid is then converted to isocitric acid by the enzyme aconitase through 
the formation of cis-aconitic acid as a 6C intermediate compound. 
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Isocitric acid undergoes dehydrogenation followed by decarboxylation to form a 
C compound o-ketoglutaric acid by the action of the enzyme isocitric dehydrogenase 
which uses NAD as the hydrogen acceptor. In this reaction, oxalosuccinic acid (a 
6C compound) is produced as an intermediate compound and NAD is reduced to 
NADH) which on being reoxidized through ETS generates 3ATP. 

Next, the o-ketoglutaric acid is oxidatively decarboxylated to succinyl CoA (a 
4C compound). This reaction is analogous to the oxidative decarboxylation of pyruvic 
acid to acetyl CoA and is catalyzed by a multienzyme system called 0,-ketoglutaric 
dehydrogenase complex which also requires TPP, lipoic acid, NAD and CoA-SH as 
coenzymes. The NADH; produced in this reaction generates 3ATP when reoxidized 
through the ETS. 

Succinyl CoA is then converted to succinic acid by the enzyme succinyl (or 
succinic) thiokinase. In this reaction, the CoA-SH is freed so that it can be reused, 
and ATP is produced form ADP and Pi by substrate level phosphorylation. 

In the remaining part of the TCA cycle, the 4C compound succinic acid is 
converted back to OAA through two dehydrogenations separated by a hydration. The 
first dehydrogenation reaction is catalyzed by succinic dehydrogenase which uses 
FAD (flavin adenine dinucleotide) as hydrogen acceptor to produce FADH, and 
fumaric acid. The FADH) generates 2ATP while reoxidized throuogh ETS. Fumaric 
acid is then hydrated (i.e., water is added to it) to form malie acid under the 
influence of an enzyme called fumarase. Finally, the malic acid is again 
dehydrogenated by a NAD linked enzyme called malic dehydrogenase to regenerate 
OAA. NADH) produced in this reaction also generates 3ATP during its reoxidation 
through ETS. 

Although most of the reactions of TCA cycle are reversible, the cycle operates 
unidirectionally because the two reactions catalyzed by the enzymes citrate synthase 
and o.-ketoglutaric dehydrogenase complex are irreversible. Besides this, conversion 
of pyruvic acid to acetyl CoA (i.e., the action of pyruvic dehydrogenase) is also 
irreversible. 

The overall equation for complete degradation of pyruvic acid through TCA 
cycle is— 

CH; CO. COOH 2H,0 + 4NAD + FAD + ADP + Pi —— 

(pyruvic acid) 3002 + 4NADH, + FADH, + ATP 


But if we consider the TCA cycle proper beginning with acetyl CoA, the equation 
will be— 

CH3.CO-S-CoA + 2H,0 + 3NAD + FAD + ADP + Pi — 

(acetyl CoA) CoA-SH + 2CO, + NADH + FADH, + ATP 

. (Coenzyme A) 

© Significance of TCA cycle : 

[1] ATP production : TCA cycle is very important for ATP production. In this 
pathway, 12ATP are produced for complete oxidation of each molecule of acetyl 


CoA as shown below : 
Oxidation in ETS of the 3NADH) molecules produced in the reactions catalyzed 
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by isocitric dehydrogenase, o.-ketoglutaric dehydrogenase and malic dehydrogenase 
generate 3 x 3 P ( 3ATP per NADH). The FADH; produced in the succinic 
dehydrogenase reaction generates 2ATP on being oxidized through ETS. The succinic 
thiokinase reaction produces 1ATP by substrate level phosphorylation. Therefore, 
total ATP production = 9 + 2 + 1 = 12. However, if we consider the catabolism 
of pyruvic acid in TCA cycle, the net gain of ATP per molecule of pyruvic acid 
catabolized will be 15. The additional 3ATP are produced from reoxidation of the 
NADH) formed in the pyruvic dehydrogenase complex reaction. 

[2] Final common path for catabolism : TCA cycle is the final common pathway 
to complete the catabolism of carbohydrate, protein and fat. All these energy yielding 
foodstuffs ultimately enter into this pathway for their complete oxidation. 
Carbohyderates enter into the TCA cycle through pyruvic acid as described above. 
Entry of fats and proteins into the TCA cycle will be discussed under catabolism of 
fats and proteins, 

[3] Synthesis of prophyrins : The succinyl CoA produced in TCA cycle is 
required for synthesis of prophyrin compounds like heme and thereby hemoglobin. 

[4] Link between carbohydrate and protein metabolism : The TCA cycle 
links carbohydrate and protein metabolism. The o-ketoglutaric acid produced in 
TCA cycle from carbohydrates can be transaminated to an amino acid, glutamic acid, 
which is incorporated in proteins. Conversely, different amino acids on entering the 
TCA cycle through their keto acid derivatives ultimately form OAA which may form 
glucose by neoglucogenesis. 


1.10.1.C. ELECTRON TRANSPORT SYSTEM 


© Definition : The sequence of enzymes and carriers responsible for transfer of H 
atoms or electrons (reducing equivalents) from a substrate to molecular Op is called 
electron transport system (ETS) or respiratory chain. The ETS carries out terminal 
respiration or biological oxidation. 

@ Site of ETS : The ETS occurs in the inner membrane of mitochondria which 
contains the enzymes responsible for it. It can be recalled that mitochondria also 
contain the enzymes (dehydrogenases) of TCA cycle and B- oxidation of fatty acids 
that are responsible for production of the reducing equivalents. 

@ Components of ETS and mechanism of biological oxidation: 

The major components (enzymes) of ETS are of three kinds as follows : 

[1] Pyridinoproteins : These are dehydrogenases using NAD (nicotinamide 
adenine dinucleotide) or NADP (nicotinamide adenine dinucleotide phosphate) as 
the coenzyme. NAD and NADP are derivatives of niacin (or nicotinic acid), a 
member of vitamin B group, and can carry 2H atoms. 

[2] Flavoproteins : These are dehydrogenases having FAD (flavin, adenine 
dinucleotid) or FMN (flavin mononucleotide) as the 2H carrier prosthetic group. 
FAD and FMN are derivatives of vitamin Ba (riboflavin). 

[3] Cytochromes : These are iron contaihing hemoproteins in which the iron 
remains as ferric (fe***) or ferrous (Fe**) ion. Several cytochromes are known to 
occur in the ETS e.g., cytochromes b,c,a and a3. Each cytochrome can carry one 
electron (e`) only; hence, a pair of cytochromes are involved in each step of electron 
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transport. Among these cytochromes, only the cytochrome az is capable of combining 
with molecular oxygen and transferring electron to it ; this is the last member of ETS 
and is also called cytochrome oxidase. 


ADP + Pi ADP + Pi 
Succinic acid 
Fey 2Fey? Few 
Cyt b oE a 
A 
NADH, FADH, 2 o · Fe 2Fe" 
AER ATP 
2H": 


Fig. 1.12 : Electron transport system. 


Each component of the ETS remains as a reduction-oxidation (or redox) system. 
They become reduced on receiving reducing equivalents and again oxidized by 
transferring the reducing equivalents to the next member of the chain. When oxidation 
of a substrate is catalyzed by a NAD linked dehydrogenase, the NAD takes up 2H 
atoms from the substrate and becomes reduced to NADH) which in turn is oxidized 
by transferring the 2H to the next carrier FAD to make it FADH}. In the remaining 
portion of the respiratory chain, only electrons are carried through the cytochromes 
and the 2H* ions remain in the medium. The oxidized cytochrome containing Fe*** 
becomes reduced on accepting an electron (e) and the reduced carrier (Fe**) is 
reoxidized by transferring the e to the next member of the chain. Finally, the last 
member of ETS, the cytochrome a3 (or cytochrome oxidase) transfers the e to 


1 
molecular O7 O2 which also takes up the 2H* from the medium to form water 


1 
(2e + 2H* + 7 H,0). 


During the transfer of reducing equivalents through ETS, some energy is released 
in each step. However, only in limited number of steps the energy release is sufficient 
enough to phosphorylate ADP with the help of Pi (ADP + Pi + ATP + H,0). 
Formation of ATP through ETS called oxidative phosphorylation because in this 
process phosphorylation of ADP is coupled with oxidation in ETS. In oxidation 
reactions catalyzed by NAD linked dehydrogenases (i.e., when ETS begins from 
NAD), 3ATP are produced ; whereas in those reactions catalyzed by FAD containing 
dehydrogenases only 2ATP are generated because in such cases, one oxidative 
phosphorylation is by-passed. 

p: O ratio: The number of phosphorylations (i.e., the number of mols of ATP 
formed from ADP and Pi) per atom of O consumed in the ETS is called P: O ratio 
which represents the efficiency of ETS in capturing energy. In case of NAD linked 
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reactions such as those catalyzed by isocitric dehydrogenase, malic dehydrogenase 
etc., the P : O ratio is 3 whereas in the reactions catalyzed by FAD linked enzymes 
e.g., succinic dehydrogenase, the P : O ratio is 2. 

@ Significance of ETS: 

[1] It completes biological oxidations initiated by dehydrogenases and regenerates 
the oxidized carriers e.g., NAD, FAD etc., so that these may be used again and 
again. 

[2] It helps in oxidative phosphorylation which is the major source of ATP 
production in the body. 


1.10.1.D. ENERGETICS OF GLUCOSE OXIDATION 


An account (or balance sheet) of ATP production from complete oxidation of 1 
mole of glucose is shown in Table-1.5. 

Table-1.5 : ATP production in different phases of glucose oxidation (ATP / 
mole of glucose). 


Reactions ATP production (+) 
—— — 
(i) Glucose — Glucose-6-PO4 -1 
(ii) Fructose-6-PO4 — Fructose-1, 6-di-PO4 -1 
Gii) 2 x (Glyceraldehyde-3-PO4 —> 

1, 3-Diphosphoglyceric acid) 
(iv) 2 x (I. 3-Diphosphoglyceric acid —> 
3-Phosphoglyceric acid) 
(v) 2 x (Phosphoenol pyruvic acid —> 
Pyruvic acid) 


A. Glycolysis + 6 (2 x 3) 


+2 (2x 1) 


+2 (2 x1) 


PEI X3) 


B. Oxidative |2 x (Pyruvic acid — Acetyl CoA) 


(i) 2 x (Isocitric acid + o-Ketoglutaric acid) 
(ii) 2 x ( Ketoglutaric acid > 

Succinyl CoA) 
(iii) 2 x (Succinyl CoA — Succinic acid) 
(iv) 2 x (Succinic acid —> Fumaric acid) 
(v) 2 x (Malic acid —> Oxaloacetic acid) 


C. TCA-cycle +6 (2 x 3) 
+2 (2x 1) 
+4 (2 * 2) 


+6 (2 x 3) 


Net gain 24 (2 x 12) 
Therefore, the total number of ATP gained per mole of glucose = 8 + 6 + 24 = 38 


1.10.1.E. PENTOSE PHOSPHATE PATHWAY (PPP) 


o Definition: PPP is the direct oxidative pathway for catabolism of glucose through 
formation of phosphorylated heptose, hexose, pentose, tetrose and triose sugars. 
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Although the aerobic breakdown of glucose mainly occurs through glycolysis and 
TCA cycle, there exists an alternative pathway called pentose phosphate pathway. It 
is so named because unlike the glycolytic pathway, it proceeds through formation of 
phosphorylated pentose sugars. This pathway has various other names such as- 
hexose monophosphate shunt or pathway (HMS or HMP, because it involves 
hexose monophosphates only and not hexose diphosphate) ; pentose cycle (because 
in this cyclic pathway pentose sugars are formed) ; phosphogluconate pathway 
(because phosphogluconate is the first product of this pathway) ; direct oxidative 
pathway (because through this single pathway glucose molecules are completely 
oxidized instead of entering glycolysis plus TCA cycle) ; Warburg-Dickens-Lipmann 
pathway (after the names of the scientists who described it). 


© Site of PPP: This pathway for oxidation of glucose occurs in certain tissues like 
liver, adipose tissue, lactating mammary gland, aderenal cortex, testis, ovary etc., 
that are concerned with synthesis of fatty acids or steroids. It also occurs in thyroid 
gland and erythrocytes. All the enzymes required for this pathway are present in 
cytosol. Thus, both glycolysis and PPP operate in the cytosol. This is because some 
enzymes are common to these two pathways. 

© Basic plan of PPP: The PPP is a cyclic pathway beginning with oxidation of six 
molecules of glucose-6-phosphate out of which five molecules are regenerated at the 
end of the cycle. Thus, in each cycle, one glucose-6-phosphate molecule is completely 
catabolized. The PPP is a very complex process, the basic plain of which is given 
in Fig. 1.13. 


Glucose-6-phosphate 
(6 molecules) 


Glucose-6-phosphate 12 NADP 
(1 molecule) 12 NADPH, 


Ribulose-5-phosphate 
Glucose-6-phosphate (6 molecules) 
(5 molecules) £ 


| Fructose-6-phosphate 


(5 molecules) 


Fig. 1.13 : A summary of the basic plan of pentose phosphate pathway. 


The sequence of reactions of the PPP are divisible into two phases. In the first 
phase, six molecules of glucose-6-phosphate are dehydrogenated (oxidized) and 
decarboxylated to form six molecules of ribulose-5-phosphate (a pentose phosphate). 
In the second phase, five molecules of glucose-6-phosphate are regenerated from six 
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molecules of ribulose-5-phosphate through a series of reactions, involving formation 
of phosphorylated pentose, triose, heptose, hexose and tetrose sugars, and a new 
glucose-6-phosphate molecule enters into the cycle. The overall reaction of PPP is 
shown below : 

6 Glucose-6-pltosphate + 12NADP + 6H,0 ———> 

5 Glucose-6-phosphate + 12 NADPH, + 6CO, 

It should be noted that in PPP, NADP is used instead of NAD as the 2H acceptor 
and 12 molecules of NADPH) are produced which when reoxidized through ETS 
may generate 36ATP (@ 3 ATP/NADPH)). But ATP production is not the primary 
function of PPP and the NADPH) produced in this pathway are mainly used as 
reducing agents in different biosynthetic processes. However, the PPP may of course 
provide an alternate route for aerobic breakdown of carbohydrates when glycolysis- 
Krebs cycle pathway is inoperative. 


@ Significance of PPP: 


[1] It may serve as an alternative but direct oxidative pathway for aerobic 
catabolism of glucose. 


[2] It generates NADPH) which is used in reductive biosynthetic processes e.g., 
synthesis of fatty acids, steroids etc. 


[3] It provides pentose (ribose) sugar for synthesis of nucleotides and nucleic 
acids. 


1.10.2. SYNTHESIS (ANABOLISM) OF DIFFERENT MATERIALS FROM 
GLUCOSE 


After fulfilling energy requirements, the surplus glucose if any, is utilized for 
synthesis of various materials. 


1.10.2.A. SYNTHESIS OF GLYCOGEN (GLYCOGENESIS) - 


Liver and muscles can synthesize glycogen from glucose for storage. The process 
of synthesis of glycogen from glucose is known as glycogenesis. Glucose cannot be 
stored as such within the cells to a large extent because this would create an osmotic 
imbalance due to an increase in osmotic pressure within the cells. But if the glucose 
molecules are joined together to form a polysaccharide (glycogen), the osmotic 
problem does not arise. This is why glucose is stored in the form of glycogen in the 
cells of liver and muscles. 


The pathway of glycogenesis is shown in Fig. 1.14. In this process, at first the 
glucose molecule is phosphorylated to glucose-6-phosphate by the enzyme hexokinase 
using ATP as the phosphate donor. The glucose-6-phosphate is then converted to 
glucose-1-phosphate by the enzyme phosphoglucomutase. In the next step, the 
glucose-I- phosphate reacts with uridine triphosphate (UTP) to produce uridine 
diphosphate glucose (UDPG) and inorganic pyrophosphate (PPi) in presence of the 
enzyme uridine diphosphate glucose pyrophosphorylase (UDPG-pyrophosphorylase). 
Finally, the glucose unit of UDPG is incorporated into glycogen molecule and the 
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pe freed which is phosphorylated by ATP to UTP for being reused in synthesis 
of G. 


Glucose 
ATP 
Mg” Hexokinase 
ADP 
Glucose-6-phosphate 


| Phosphoglucomutase 


Glucose-1-phosphate 


UTP 
UDPG pyrophosphorylase 
PPi 


Uridine diphosphate glucose 
| (UDPG) 
Glycogen prime 
(small molecule) Geneen ta 
| = 
Branching enzyme 
UDP 
Glycogen 
(large molecule) 


Fig. 1.14 : Pathway of glycogenesis. 

Incorporation of glucose units in the glycogen molecule is a complex process 
catalyzed by the joint action of two enzymes called glycogen synthase and branching 
enzyme. Glycogen synthase transfers the glucose unit of UDPG to a terminal glucose 
residue of a glycogen primer molecule (a pre-existing small molecule made up of 
| a few glucose units only) by forming a 1, 4-glycosidic bond. Thus, by repeated 

action of this enzyme, the branches of the glycogen molecule become elongated due 
to addition of glucose residues one by one. When the chain attains a certain length 
(having 6-11 glucose residues), the branching enzyme comes into action. This enzyme 
transfers a part of the 1, 4-chain (minimum length 6 glucose residues) to a neighbouring 
chain to form a 1, 6-linkage, thus establishing a branched point in the molecule. In 
this way, by the combined and repeated action of glycogen synthase and branching 
enzyme, the glycogen primer is converted into a large and branched molecule of 
glycogen. It should be noted that for incorporation of each glucose unit into the 
glycogen, 2 ATP are consumed. į 


1.10.2.B. SYNTHESIS OF FAT FROM GLUCOSE 

The excess glucose can also be converted to fat and stored in the adipose tissue 
(fat depots). Fats are made up of glycerol and fatty acids, both of which can be 
formed from glucose (Fig. 1.15). Glycerol is a by-product of glycolysis, whereas 
fatty acids are synthesized by joining acetyl CoA molecules formed from pyruvic 
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acid which is the end product of glucose oxidation through glycolysis. This is why 
intake of excess carbohydrates leads to obesity resulting from increased fat deposition 
in the body. 


Glycolysis 
GLUCOSE Pyruvic acid —— Acetyl CoA 


Dihydroxy- 
acetone-1- } 
phosphate —> Glycerol Fatty acids 


Fig. 1.15 : Production of fat from glucose. 


1.10.2C. SYNTHESIS OF AMINO ACIDS FROM GLUCOSE 


Some keto acids formed from glucose through glycolysis and TCA cycle e.g., 
pyruvic acid, oxaloacetic acid and a-ketoglutaric acid may be aminated to 
corresponding amino acids. Thus, glucose may be utilized in the formation of some 
non-essential amino acids in the body (Fig. 1.16). For this reason, intake of surplus 
carbohydrate reduces the dietary requirement of protein ; this is referred to as ‘protein 
sparing action’ of carbohydrate. 


Glycolysis 
GLUCOSE|—————>. Pyruvie —> | ALANINE 


acid l 


AMIC | — a-Ketoglutaric Oxaloacetic ASPARTIC 
ID acid acid ACID 


Fig. 1.16 : Production of amino acids from glucose 


1.10.2.D. SYNTHESIS OF OTHER MATERIALS 

In lactating mammary gland, glucose is converted to galactose that combines with 
another glucose molecule to form lactose which is a constituent of milk. Glucosamine 
and galactosamine formed from glucose and galactose respectively are utilized in the 
manufacture of glycoproteins and mucopolysaccharides. These compounds are required 
for growth and development of different tissues particularly the brain, and in the 
formation of mucin. Fructose is produced from glucose in the seminal vesicles and 
secreted in semen. 


1.10.3. PRODUCTION OF GLUCOSE IN THE BODY 


When blood sugar is lowered, the liver glycogen is broken down by a process 
called glycogenolysis to glucose molecules that are added to the blood. In addition, 
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the liver can also produce glucose from non-carbohydrates e.g., fats and proteins 
(amino acids) by a process known as neoglucogenesis or gluconeogenesis. By these 
two processes, the liver maintains the normal blood glucose level for a steady supply 
of glucose to the tissues during fasting when dietary glucose is not available. In this 
context, it can be mentioned that unlike the liver glycogen, the muscle glycogen 
cannot supply glucose to blood and breakdown of muscle glycogen proceeds through 
the glycolytic pathway for supply of energy during muscle contraction. The process 
of glycogenolysis and neoglucogenesis are described below in brief. 


1.10.3.A. GLYCOGENOLYSIS 


The process of breakdown of glycogen to glucose in liver is called glycogenolysis. 
It occurs in three steps (Fig. 1.17). In the first step, an enzyme called phosphorylase 
splits a terminal glucose residue of glycogen by adding a phosphate group at its Ci 
position, producing glucose-1-phosphate. This reaction is called phosphorolysis of 
glycogen because the enzyme phosphorylase splits a terminal 1, 4 glycosidic bond 
of glycogen by introducing a molecule of phosphoric acid (H3PO4) or inorganic 
phosphate (Pi) which acts as the phosphate donor. Phosphorylase cannot act on the 
branching points of the glycogen molecule having 1, 6-glycosidic bonds. There is 
another enzyme called debranching enzyme which splits the 1, 6 bonds present at the 
branching points of the glycogen molecule. Thus, splitting of the glucose residues 
of glycogen requires a combined action of phosphorylase and debranching enzyme. 
In the second step, the glucose-1-phosphate is converted to glucose-6-phosphate by 
the enzyme phosphoglucomutase which transfers the phosphate group from Ci to Ce 
position of glucose. Finally, the glucose-6-phosphate is hydrolyzed by the enzyme 
glucose-6-phosphatase to glucose and inorganic phosphate (Pi). The Pi may be 
reused in the phosphorylase reaction. It should be noted that the enzyme glucose-6- 
phosphatase is not found in muscles ; this is why glycogenolysis does not occur in 
muscles (i.e., muscle glycogen is not broken down to glucose). The significance of 
glycogenolysis is to maintain blood sugar level between two meals. 


Phosphorylase 


& 


Debranching enzyme 


GLYCOGEN Bas ia Calla Glucose- 1-phosphate 


ri Phosphoglucomutase 


GLUCOSE y Glucose-6-phosphate 
Glucose-6-phosphatase 


Fig. 1.17 : Pathway of glycogenolysis. 


1.10.3.B. NEOGLUCOGENESIS 
The process of formation of glucose from non-carbohydrates like lactic acid, 
amino acid and fat is called neoglucogenesis or gluconeogenesis. Liver and kidney 
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are the principal organs responsible for neoglucogenesis. The pathway of 
neoglucogenesis (Fig. 1.18) is basically a reversal of glycolysis ; hence, it is also 
called inverse glycolysis. Although most of the reactions of glycolysis are reversible, 
three of them catalyzed by hexokinase, phosphofructokinase and pyruvic kinase are 
irreversible. So, in order to drive these reactions in opposite direction, some special 
enzymes are required that are marked by asterisk (*) in Fig. 1.18. In neoglucogenesis, 
the pyruvic kinase reaction of glycolysis is replaced by two reactions catalyzed by 
the enzymes carboxylase and carboxykinase for conversion of pyruvic acid to 
phosphoenol pyruvic acid. The enzymes fructose diphosphatase and glucose-6- 
phosphatase help in reversal of phosphofructokinase and hexokinase reactions of 
glycolysis respectively. Any substance which is converted to an intermediate compound 
of glycolysis or TCA cycle can produce glucose through this pathway. 

Some amino acids enter the neoglucogenic pathway through conversion to pyruvic 
acid or oxaloacetic acid or -ketoglutaric acid or succinic acid by removal or their 
amino (~NHg) group by deamination or transamination. Such amino acids are called 
glucogenic (or glycogenic) amino acids. 


Fatty acids Glycerol Glucose-6-phosphatase * 
p -Pi 
15 ATP ohen Glucose- G. phosphate 


a-Glycerophosphate 
Fructose-6-phosphate 


— 2H | Glycerophosphate 
dehydrogenase Fructose diphosphatase * 
-Pi 
Fructose-1, 6- diphosphate 


phosphate 


Dihydroxyacetone-1- 


LACTIC ACID ALANI Phosphoenol pyruvic acid 
IRINE 
Car 7 


Carboxykinase * 
- CO, 
-NH, 


+CO; 
Pyruvic acid ————— _Oxaloacetic acid «— ASPARTIC ACID] 


Carboxylase po- 
GLUTAMIC ACID |- NH, i 


HISTIDINE o-Ketoglutaric Suecinie 
ARGININE acid acid 


PROLINE — 


Fig. 1.18 : Pathway of neoglucogenesis. 


7 


VALINE 
ISOLEUCINI 


THREONINE 


Fats are broken down into fatty acids and glycerol, of which only the glycerol 
takes part in neoglucogenesis while the fatty acids do not enter into this pathway. 
Glycerol is phosphorylated by ATP in presence of the enzyme glycerokinase to 
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a-glycerophosphate which is then oxidized (dehydrogenated) to dihydroxyacetone- 
1-phosphate for entering into the neoglucogenic pathway. Lactic acid enters into 
the neoglucogenic pathway by being oxidized (dehydrogenated) to pyruvic acid. 
Neoglucogenesis serves two purposes—(i) it helps to maintain blood sugar level 
during fasting by using fat and protein ; (ii) it recycles lactic acid by converting it 
to glucose. 


1.10.4. CORI CYCLE 

The term Cori cycle refers to a cyclic pathway of interconversion between liver 
and musele glycogen. It is also called lactic acid cycle because through this cycle, 
lactic acid is recycled in the body instead of being excreted. 

The Cori cycle involves some important pathways of carbohydrate metabolism 
such as glycogenolysis, glycogenesis, glycolysis and inverse glycolysis (Fig. 1.19). 


Pyruvie acid 


or Lactic acid 


Fig. 1.19 : Cori cycle (or Lactic acid cycle). 

Liver glycogen when broken down through glycogenolysis, produces glucose which 
is added to the blood. Glucose may be taken up from blood by the muscles as well 
as the liver and stored as glycogen (glycogenesis). The muscle glycogen is degraded 
by glycolytic pathway to produce pyruvic acid or lactic acid which is converted back 
to glycogen by a process of inverse glycolysis (or neoglucogenesis) in liver (but not 
in muscle). The significance of Cori cycle is to maintain an equilibrium between 
glucose and glycogen in the body. Through this cycle, the lactic acid formed by 
oxidation of glucose in skeletal muscle and erythrocytes is reused in forming glucose 
which again becomes available for oxidation in tissues, 


1.10.5. SUMMARY OF CARBOHYDRATE METABOLISM 


Glucose originating form different sources is added to blood from where it is 
taken up and utilized by various tissues. The origin and fate of glucose in the body 
(i.e. metabolism of glucose) is summarized in Fig. 1.20. 
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Origin of blood glucose Fate and function (utilization) 
(Addition of glucose to blood) of glucose in the body 
Glycolysis oa. Fea 5 
—— z Oxidation for release of energy 
Digestion and on cycle & (in all tissues) 
Dietary 3 Absorption“ 
Carbohydrates 7 5 
in gu Š 
Glycogenesis Glycoven 
(in liver and museles) 


Glycogenolysis Fat 
(in liver) (in adipose tissue and liver) 


Glycogen 


—— Amino acids 
(in liver) 


— Galactose — Lactose 
Neoglucogenesis (in lactating mammary gland) 
& Proteins 
(in liver) 
— > Glucosamine and Galacto- 


samine (in various tissues) 


m REVISION 


Metabolism — Utilization and fate of the absorbed food materials in the body. 
Catabolism — Degradative processes of metabolism. 


Anabolism — Constructive processes of metabolism. 


Hyperglycemia — An abnormal increase in blood sugar (glucose) level. 


Hypoglycemia — An abnormal decrease in blood sugar level. 
Glycosuria — Presence of sugar in urine. 


Diabetes mellitus — An endocrine disorder caused by deficiency of insulin, 
characterized by hyperglycemia and glycosuria. 


Glycolysis — Breakdown of sugars to pyruvic acid. 


TCA Cycle (Tricarboxylic acid cycle) — The cyclic pathway for complete oxidation 
of acetyl CoA. 


NAD - (Nicotinamide adenine dinucleotide) — A coenzyme containing the B- 
Vitamin niacin and the purine base adenine, 


FAD - (Flavin adenine dinucleotide) — A coenzyme containing vitamin 32 
(riboflavin) and the purine base adenine. 


TPP - (Thiamine pyrophosphate) — A coenzyme containing vitamin B; (thiamine). 


7 id Entry of glucose into the blood by digestion and absorption of dietary carbohydrates should not be 
included in metabolism because in true sense, metabolism is a post-absorptive phenomenon which means fate 
of the absorbed materials. 
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PPP - (Pentose phosphate pathway) — A direct oxidative pathway for catabolism 
of glucose which proceeds through formation of phosphorylated sugars contaning 
3 to 7 carbon atoms. 

EMP pathway — Embden Meyerhof Parnas pathway (or the glycolytic pathway). 
HMP — Hexose monophosphate pathway or pentose phosphate pathway. 


Glycogenesis — Synthesis of glycogen from glucose. 

Glycogenolysis — Breakdown of glycogen to glucose. 

Neoglucogenesis (or Gluconeogenesis) — Formation of glucose from non- 
carbohydrates. 

Cori cycle — The cyclic pathway of interconversion between liver and muscle 
glycogen. 


1.11. Metabolism of Proteins (or Amino Acids) 
1.11.1. AMINO ACID POOL 


Dietary proteins are absorbed mainly as amino acids which are the structural 
units or building blocks of proteins. Catabolism and anabolism of proteins are mediated 
through amino acids. Thus, metabolism of proteins is essentially the metabolism of 
amino acids. The collection of free amino acids in the body (blood) is referred to 
as amino acid pool. Amino acids are continuously added to it from different sources 
as well as removed from it by the tissues where they are utilized (Fig. 1.22). Thus, 
the amino acid pool can be defined as the ready stock of free amino acids in blood 
from which amino acids are continuously taken up and used by the tissues, and to 
which amino acids are added from different sources. Dietary proteins are the chief 
source of the amino acid pool in the body. Amino acids are also derived from 
breakdown of tissue proteins. Some non-essential amino acids may be synthesized 
in liver by amination of keto acids derived from oxidation of glucose. Formation of 
amino acids from tissue proteins and keto acids is increased when there is a dietary 
deficiency of proteins. Amino acids are utilized in the body for three types of 
functions—[1] synthesis of proteins, [2] synthesis of non-protein nitrogenous 
compounds and [3] catabolism. These are described below. 


1.11.2. SYNTHESIS OF PROTEINS 


The chief function of amino acids in the body is to synthesize proteins. Proteins 
are the most important constituent of the tissues. So, amino acids are essential for 
growth and replacement of wear and tear of the tissues. For this reason, the 
requirement of amino acids (proteins) in diet is increased during the growth period. 
In addition to the structural proteins (tissue proteins), several other classes of proteins 
are also synthesized in the body from amino acids they include blood proteins 
(plasma proteins and hemoglobin), enzyme proteins (because all enzymes are 
proteins), protein (or peptide) hormones (e.g., STH, ACTH, prolactin, insulins 
glucagon, parathormone etc.), milk protein (casein) and retinal pigment proteins 
(rhodopsin etc.). A particular type of protein is formed by joining the amino acids 
(by forming peptide bonds) in a definite sequence according to the genetic information 
present in the cell. 


2253—54 
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1.11.3. SYNTHESIS OF NON-PROTEIN NITROGENOUS COMPOUNDS 


Amino acids are also used in the formation of certain nitrogenous compounds 
that are not polypeptides (i. e., proteins); these are called non-protein nitrogenous 
(NPN) compounds. Such compounds include some hormones (e.g., thyroxine, 
adrenalin and melatonin), neurotransmitter amines (e.g., histamine, serotonin etc.), 
creatine (which remains in muscles as the high energy compound creatine phosphate), 
purines and pyrimidines, coenzymes (NAD, FAD etc.), melanin (pigment of skin, 
hair etc.) and bile acids (taurocholic acid and glycoholic acid). 


1.11.4. OXIDATION AND CATABOLISM OF AMINO ACIDS 


Amino acids may be utilized in the body as fuel for release of energy from their 
oxidation. The physiological fuel value of protein (i. e., kcals obtained from oxidation 
of 1 g of protein in the body) is 4 keal/g which is more or less same as that of 
carbohydrates. 

The primary step of catabolism of amino acids involves removal or their amino 
(-NH)) groups by the process of deamination or transamination. In deamination, 
the amino group of an amino acid is liberated as NH3 and the remaining portion is 
converted into the corresponding keto acid. In transamination reaction, the amino 
group is not liberated as NH3 and instead it is transferred to a keto acid ; actually 
there occurs an exchange of amino and keto groups between an amino acid and a 
keto acid, as a result of which the amino acid is converted to its corresponding keto 
acid and vice versa. Finally, the keto acids produced from deamination or transmination 
are either completely oxidized to CO, and H2O through the TCA cycle along with 
release of energy or converted to glucose by the process of neoglucogenesis. Amino 
acids are utilized as fuels mainly when glucose and fats are unable to fulfil the 
energy requirements. This is why the breakdown of tissue proteins (i. e., catabolism 
of amino acids) is increased during starvation and diabetes mellitus, 

The NH3 liberated from catabolism of amino acids cannot be stored in blood 
because NH} is highly soluble in water and when dissolved, it forms NH4OH 
(ammonium hydroxide) which is a strong alkali. For this reason, the NH3 formed in 
the liver during deamination is converted to urea before being released into the 
blood from where the urea is excreted through the kidneys in urine. The main 
processes concerned with amino acid catabolism, e.g., deamination, transamination 
and urea formation are described below in brief. 


1. 11. 4. A. DEAMINATION 


Deamination is an irreversible process by which the amino group of an amino 
acid is liberated as ammonia and the amino acid is converted to the corresponding 
keto acid. 

Liver is the chief site of deamination ; however it also occurs in kidney 
considerably. Deamination is basically of two types-[1] oxidative deamination and 
[2] non-oxidative deamination. 


[1] Oxidative deamination ; This type of deamination is associated with oxidation 
of the amino acid, requiring molecular oxygen. It is catalyzed by the enzyme amino 
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acid oxidase which liberates ammonia (NH3) from the amino acid by oxidation. 
Thus, in this process, and amino acid is simultaneously oxidized and deaminated. It 
occurs in two steps as shown below : 


Amino acid oxidase Ammonia 
Amino acid Imino acid + 
7 xq x Keto acid 
H0 
FAD FADH, 
1 
H20 202 


In the first step, the amino acid is oxidized by dehydrogenation by the action of 
the enzyme amino acid oxidase. This enzyme uses FAD as coenzyme which removes 
the 2H atoms from the amino acid to convert it into an imino acid, and the FAD 
itself becomes reduced to FADH}. In the next step, the imino acid is spontaneously 
hydrolyzed into ammonia and keto acid. It should be noted that the FADH; produced 


2 Suc h : 1 
here, is reoxidized to FAD by transferring the 2H atoms to molecular oxygen (502) 


directly, without involving the ETS ; hence, no ATP is generated. The overall 
equation for the process is— 


1 
Amino acid + 502 —— NH; + Keto acid. 


[2] Non-oxidative deamination : This type of deamination is not associated with 
any oxidation by molecular oxygen. It occurs in case of amino acids containing 
hydroxyl (OH) or thiol or sulphydryl (SH) group. Amino acids containing -OH 
group e.g., serine, threonine etc., are deaminated by the enzyme amino acid dehydrase. 
This enzyme dehydrates (ie, removes a molecule of HzO from) the amino acid to 
form an imino acid which is then spontaneously hydrolyzed into ammonia and keto 
acid. 


h 7 Amino acid dehydrase ` À Ammonia 
Amino acid mino acid ae 
- H20 +H0 Keto acid 


On the other hand, the -SH group containing amino acids like cysteine, 
homocysteine etc., are deaminated by the action of the enzyme amino acid 
desulphydrase. This enzyme removes the -SH group of the amino acid in the form 
of Has to convert the amino acid to an imino acid which is finally hydrolyzed into 
ammonia and keto acid spontaneously. 


= 10 Amino acid desulphydrase An 10 e 
— Imino acid 
3 — HS +H,0 Keto acid 
1.11.4.B. TRANSAMINATION 
Transamination is a reversible process by which the amino group of an amino 
acid is exchanged with the keto group of a keto acid so that the original amino acid 
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is converted to keto acid and the original keto acid is converted to an amino acid. 

Liver is the chief site of transamination ; however, it is also carried out in certain 
other tissues like kidney, brain, cardiac muscle etc. 

Transamination reactions are catalyzed by the enzymes called transaminases or 
aminotransferases requiring vitamin Bg (or pyridoxine) as coenzyme. Several 
transaminases are known of which the two most important ones are—glutamic pyruvic 
transaminase (GPT) and glutamic oxaloacetic transaminase (GOT). The reactions 
catalyzed by GPT and GOT are shown below as the examples of transmination. 


(1) Glutamic acid a-Keto glutaric acid 
(amino acid) (keto acid) 


Pyruvie acid Alanine 
(keto acid) (amino acid) 


(2) Glutamic acid a-Keto glutaric acid 
(amino acid) (keto acid) 


Oxaloacetic acid Aspartic acid 
(keto acid) (amino acid) 


Now it is known that for transamination reactions, two compounds derived from 
pyridoxine namely pyridoxal phosphate and pyridoxamine phosphate act as coenzymes 
in the following manner : 


Glutamic acid 


s Alanine 
(amino eich 36 Pyridoxal PO, ne (amino acid) 
a-Keto glutaric acid Pyridoxamine PO, Pyruvic acid 
(keto acid) (keto acid) 


It should be noted that unlike deamination, transamination is a reversible process 
and in this, the -NH) group of an amino acid is not liberated as free NH3. Moreover, 
in this process, while one amino acid is catabolized, a new amino acid (non-essential 
type) is produced. 


1.11.4.C. UREA FORMATION 


In man and most of the other mammals, the ammonia (NH3) produced from 
catabolism of the nitrogenous part of amino acids is excreted in the form of urea. 
Thus, urea is the chief nitrogenous waste product of mammals ; such animals are 
grouped as ureotelic animals. Urea is excreted mainly through urine and also to a 


rna 
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lesser extent through sweat, saliva etc., Chemically, urea is made up of one molecule 


of CO, and two molecules of NH3 which combine to form urea with liberation of 
a molecule of water. 


NED 


nH, 
(urea) 

In animal body, CO, and NH; cannot combine directly and urea is formed through 
a complex process requiring certain carriers and enzymes. Liver is the site of urea 
synthesis in our body. 

Krebs and Henseleit (1932) showed that urea formation is a cyclic process in 
which the three amino acids ornithine, citrulline and arginine act as carriers in a 
catalytic manner. They proposed that one molecule of each, NH3 and CO}, condense 
with ornithine to form citrulline which again condenses with another molecule of 
NH; to form arginine and finally arginine is hydrolyzed to urea and ornithine. This 
cyclic pathway is called Krebs-Henseleit cycle (after the names of the scientists 
who first described it) or urea cycle (because it produces urea) or ornithine cycle 
(because ornithine is the first carrier of the cycle). Subsequently the urea cycle has 
been extensively modified and according to the modern concept, it consists of five 
steps as shown in Fig. 1.21. 


CO, + 2NH; —> CO + H,0 


Deamimation Decarboxylation 


CO, Urea 
omine So Fumaric 


í , acid Through 
Arginine 3s of 
TCA cycle 
Arginosuccinic Oxaloacetic 
acid 


1, Ce, 
Ornithine laso X AMP + PPi 


— Amino 
acid 
Transamination 


Keto 
acid 


transcarbamylase Mg 
ATP 
Citrulline 


Aspartic 
acid 


Fig. 1.21 : Modern concept of urea cycle. 


In the first step, a molecule of carbamyl phosphate is formed from one molecule 
each of NH3 (derived from deamination) and CO) (derived from decarboxylation 
reactions). The reaction is catalyzed by the enzyme carbamyl phosphate synthase 
and consumes 2ATP with production of 2ADP and a Pi. In the next step, the 
carbamyl moiety of carbamyl phosphate is transferred to ornithine by the enzyme 
ornithine transcarbamylase to form citrulline and Pi. Then the citrulline combines 
with aspartic acid (donor of the second amino group of urea) to form arginosuccinic 
acid in presence of the enzyme arginosuccinate synthase, again consuming 1ATP 
and producing AMP and PPi. Next, the arginosuccinic acid is cleaved by the enzyme 
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arginosuccinase into arginine and fumaric acid. Finally, the arginine is hydrolyzed 
into urea and ornithine by the enzyme arginase. The ornithine is thus regenerated 
for being recycled. The fumaric acid produced in the arginosuccinase reaction may 
be converted to oxaloacetic acid (through the steps of TCA cycle) which is then 
transaminated to aspartic acid for being reused. Thus, the second amino group of 
urea may come from any amino acid through aspartic acid. 

It should be noted that—(i) although urea is an excretory matter, synthesis of 
each molecule of urea requires 3 ATP and (ii) the urea cycle is linked with the TCA 
cycle. 

1.11.5. NITROGENOUS END PRODUCTS OF PROTEIN METABOLISM 


Ammonia, urea and uric acid are the major nitrogenous waste products of different 
animals. These are derived mainly from protein catabolism and also to some extent 
from catabolism or nucleic acids as the end products. The chief nitrogenous waste 
product excreted in urine of a particular animal species depends largely on the 
availability of water for the species in its natural habitat. 

Ammonia : Elimination of nitrogenous end product wholly or mostly as ammonia, 
is known as ammonotelism and the animals excreting ammonia as their only or 
major nitrogenous waste product are referred to as ammonotelic. 

Ammonia is produced during deamination. It is highly toxic if retained in the 
body ; hence, it is not allowed to accumulate in blood. It is highly soluble and 
diffusible. So, large amount of water is required to dissolve and carry off the ammonia 
for its quick removal from the body. For this reason, most of the aquatic animals 
(both invertebrates and vertebrates) are ammonotelic and they can excrete ammonia 
as such without converting it to the less toxic forms, urea or uric acid. The tadpole 
larva of frog which is aquatic, is ammonotelic whereas the adult frog produces urea. 
The African lung fish (Protopterus) produces ammonia when there is abundant 
supply of water but during aestivation (i.e., inactivity of the animal caused by decrease 
of water availability in prolonged summer), it produces urea. These facts prove that 
ammonotelism is associated with availability of large amount of water. In mammals, 
the concentration of ammonia in blood is very low (40 — 70 yg/100 ml) and only 
0.3 - 1.2 g of ammonia is excreted per day in human beings. In a number of animals 
including mammals, ammonia is excreted in urine not as a metabolic waste, rather 
it is secreted by the kidney for maintaining acid-base balance and urinary pH. 

Urea : Excretion of urea as the principal nitrogenous end product is called 
ureotelism and the animals excreting urea as the chief nitrogenous waste product 
are called ureotelic. 

Ureotelic animals include mammals, amphibians, many aquatic or semiaquatic 
reptiles and elasmobranchs. These animals live in relatively dry environment having 
a limited water supply in comparison to the ammonotelics. Such animals cannot 
eliminate ammonia rapidly. So, they convert ammonia to urea in the liver. Urea is 
less toxic and more soluble than ammonia. Hence, urea can accumulate in greater 
quantities than ammonia and it can be eliminated without considerable loss of water. 
About 50 ml of water is required to eliminate 1g urea whereas 300-500 ml of water 
would be lost to eliminate 1g of nitrogen in the form of ammonia. The level of urea 


— 


—— ay 
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in normal human blood plasma varies between 20-40 mg/100 ml. Increase of blood 
urea level beyond the normal higher limit leads to a pathological condition called 
uremia. In human beings, about 30 g urea is excreated per day. 

Uric acid: Elimination of uric acid as the chief nitrogenous waste product is 
known as uricotelism and the animals excreting uric acid as the major end product 
of nitrogen catabolism are called uricotelic. 

Terrestrial egg-laying and arid-zone animals to whom the availability of water is 
very limited, are uricotelic. Such animals include birds, reptiles, most of the insects, 
land snails etc. Uric acid is mainly the end product of purine (a constituent of nucleic 
acids) catabolism ; hence it is also formed in the non-uricotelics like humans. Normally, 
excretion of uric acid in the urine of human beings does not exceed 1g per day but 
it may rise on a high nucleoprotein diet. In uricotelics, the ammonia produced from 
protein catabolism (i.e., deamination of amino acids) is converted to uric acid in the 
liver through formation of certain intermediate compound of purine metabolism. 
Being far less toxic than ammonia and urea, uric acid may be allowed to accumulate 
in the body of uricotelics. Uric acid is only sparingly soluble in water and hence it 
is voided as a pasty material in uricotelics, requiring very little water. Only about 10 
ml of water is required to eliminate 1g of nitrogen in the form of uric acid. Birds 
prefer to excrete uric acid because this helps in their flight by reducing the water 
load of their body. In some animals, uric acid is further oxidized to allantoin before 
being excreted. 


1.11.6. DECARBOXYLATION OF AMINO ACIDS : FORMATION OF 
AMINES 

Decarboxylation of amino acids means removal of CO, from the -COOH group 
of an amino acid so that the amino acid is converted to an amine. It is catalyzed by 
the enzymes called amino acid decarboxylases that are found in different tissues. 
Such reactions help in formation of many biologically important amines that act as 
neurotransmitters or form some regulatory compounds. Some important examples of 
decarboxylation of amino acids are given below : 


Tyrosine decarboxylase - 
(i) Tyrosine — Tyramine 


Cr Histidine decarboxylase i f 
(ii) Histidine — Histamine 


Tryptophan decarboxylase X 

Gii) Tryptophan r REE Tryptamine 
- toph 

E AU gid at 5-Hydroxytryptamine 


(iv) 5-hydroxytryptophan 
decarboxylase (or Serotonin) 


Glutamic acid 


Gamma aminobutyric acid (or GABA) 
decarboxylase 


(v) Glutamic acid 
1.11.7. SUMMARY OF PROTEIN METABOLISM 


Protein metabolism or the origin and fate (i.e., utilization and function) of 
amino acids in the body is summarized in Fig. 1.22. 
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Origin of amino Fate and function (utilization) 
acids. of amino acids in the body. 
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Glucose CO, + H,O + Energy 


Fig. 1.22. A schematic representation of amino acid (protein) metabolism. 


REVISION 


Amino acid pool : Collection of free amino acids in the body. 
NPN compounds : The non-protein nitrogenous compounds. 
Deamination : Removal of amino group from an amino acid in the form of 
ammonia to convert the amino acid to the corresponding keto acid. 

Oxidative deamination : Deamination associated with oxidation of an amino 
acid requirring molecular oxygen. 

Non-oxidative deamination : Deamination without any oxidation by molecular 
oxygen. 

Transamination : Exchange of amino and keto groups between an amino acid 
and a keto acid. 

Amines : Decarboxylation products of amino acids. 

GPT (Glutamic pyruvic transaminase) : An enzyme catalyzing transamination 
between glutamic acid and pyruvic acid. 


*Digestion and absorption of dietary proteins is not included in amino acid metabolism. 
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GOT (Glutamic oxaloacetic transaminase) : An enzyme catalyzing transamination 
between glutamic acid oxaloacetic acid. 

Urea : The chief nitrogenous end product of protein catabolism in mammals, 
amphibians etc. 

Uric acid : Nitrogenous end product of purine catabolism, may also be produced 
from protein catabolism as in birds, reptiles etc. 

Uremia : Abnormally high blood urea level. 

Ammonotelism : Excretion of ammonia as the chief nitrogenous waste product. 
Ureotelism : Excretion of urea as the chief nitrogenous waste product. 
Uricotelism : Excretion of uric acid as the chief nitrogenous waste product. 


1.12. Metabolism or Lipids 


Dietary lipids are absorbed from the intestine as glycerol, fatty acids and 
triglycerides (resynthesized in the intestinal epithelium) mainly and small amounts of 
cholesterol and phospholipids. The major processes of lipid metabolism are described 
below in brief under three broad subheadings II] catabolism and oxidation of fat, 
[2] formation of fat and [3] formation of other lipids and their derivatives. 


1.12.1. CATABOLISM AND OXIDATION OF FAT 


Oxidation of fats liberate large quantity of energy ; hence, fats are very good 
source of energy. The physiological fuel value of fat is 9 keal/g which is more than 
double that of carbohydrate and protein. For catabolism of triglycerides, they are first 
broken down into glycerol and fatty acids by the enzyme tissue lipase present in 
adipose tissue. Glycerol and fatty acids may be catabolized further in adipose tissue 
or they are released into the bloodstream from where they are picked up by certain 
other tissues and catabolized. 


1.12.1.A. CATABOLISM OF GLYCEROL 


Glycerol is oxidized in certain tissues like liver, kidney, intestine, mammary 
gland etc., that contain the enzyme glycerokinase. This enzyme activates glycerol by 
phosphorylating it to d- glycerophosphate using ATP as the phosphate donor. The 
o-glycerophosphate is then oxidized (dehydrogenated) to dihydroxyacetone-1- 
phosphate by the enzyme -glycerophosphate dehydrogenase using NAD as the 2H 
carrier, The dihydroxyacetone- I- phosphate is an intermediate compound of the 
glycolytic pathway. Thus, glycerol may enter the glycolytic pathway to form pyruvic 
acid which in turn is converted to acetyl CoA and then oxidized completely to CO, 
and H,O through the TCA cycle. The glycerol may also be converted to glucose by 
the process of neoglucogenesis (inverse glycolysis) through dihydroxyacetone- I- 
phosphate or to various other compounds through pyruvic acid and acetyl CoA. 


1.12.1.B. CATABOLISM OF FATTY ACIDS 


Fatty acids are catabolized through the pathway of B- oxidation and TCA cycle. 
In each B- oxidation, a two carbon (2C) fragment is split off as acetyl CoA from the 
carboxyl (-COOH) terminal of the fatty acid rendering it shorter by two C-units. 
Thus, by repeated B-oxidations, a fatty acid is gradually broken into several acetyl 
CoA molecules that are oxidized completely through the TCA cycle. 
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QO B-OXIDATION OF FATTY ACIDS : 

® Definition : B- oon is the preliminary process of fatty acid oxidation in which 
the two carbon atoms from the carboxyl end of fatty acids are split as acetyl CoA 
by oxidation of the B-carbon (i.e., 3rd carbon from the carboxyl end). Knoop (1905) 
proposed that fatty acids were oxidized physiologically by B-oxidation. 

© Site of B-oxidation : B- oxidation occurs in many tissues such as adipose tissue, 
liver, heart, kidney, muscle, lung, brain and testis. The enzymes responsible for this 
pathway are found in the mitochodrial matrix adjacent to the respiratory chain 
(ETS) located in the inner membrane of mitochondria. 

® Pathway of B-oxidation : 

B-oxidation can proceed in aerobic condition only because it is intimately linked 
with the ETS. The pathway of B-oxidation is shown in Fig. 1.23. For this, the fatty 
acid is first activated by ATP 

FATTY ACID and coenzyme A (CoA-SH) 
CoA-SH to form acyl CoA in 


ATP———> presence of the enzyme 
45 


AMP. thiokinase. The acyl CoA is 


PPi Acyl CoA then oxidized by removal of 
FAD 2H atoms from it to form a, 


= Acyl dehydrogenase B-unsaturated acyl CoA ; 
1 


20.4 
Hy 


the enzyme involved is acyl 
a, B - Unsaturated acyl CoA CoA dehydrogenase which 
0 uses FAD as the 2H carrier. 
The FADH; produced in this 

reaction is oxidized through 

B - Hydroxyacyl CoA ETS to generate 2ATP. In 
the next step, the d, B- 


unsaturated acyl CoA is 
dehydrogenase hydrated (i. e., water is added 

B- keto acyl CoA to it) to form B-hydroxy 
acyl CoA by the action of 
Thiol the enzyme enoyl hydrase. 
Subsequently, the B-hydroxy 
acyl CoA is again oxidized 
(dehydrogenated) by the 
enzyme B-hydroxy acyl CoA 
Acetyl CoA Acyl CoA dehydrogenase to form B- 

2G shorter) keto acyl CoA. In this case, 

Fig. 1.23 : B-oxidation of fatty acids. NAD is used as the 2H 

carrier and 3 ATP are 

generated during reoxidation of NADH, through the ETS. Finally, an enzyme called 
thiolase cleaves the B-keto acyl CoA to produce one molecule of acetyl CoA and 
an acyl CoA (containing two carbon atoms less than the. original acyl CoA) by 
consuming a molecule of CoA-SH. The acyl CoA produced in this reaction re-enters 
the oxidative pathway at the second Step. In this way, the fatty acid is broken down 
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into several acetyl CoA molecules that are oxidized completely to CO, and HO 
through TCA cycle (which also occurs in the mitochondrial matrix), 
® Significance of B-oxidation : 

[1] ATP production: B-oxidation is the primary pathway for generation of ATP 
from oxidation of fatty acids. During each B-oxidation cycle, one molecule each of 
FADH, and NADH) are produced. When these are reoxidized through the ETS, 
2ATP and 3ATP are produced respectively. Each molecule of acetyl CoA produced 
by B-oxidation provides 12 ATP when oxidized through TCA cycle. An account of 
ATP production from complete oxidation of fatty acid through B-oxidation and TCA 
cycle is given below taking the example of palmitic acid (a 16C fatty acid). 

Palmitic acid is converted to 8 molecules of acetyl CoA through 7 Bl. oxidation 
cycles. Since 5 ATP are generated from each f-oxidation cycle & 2ATP per FADH; 
and 3 ATP per NADH)), 7 B-oxidation cycles generate 7 x 5 = 35 ATP. At the 
beginning of B- oxidation cycles, a single ATP is consumed in the thiokinase reaction. 
Thus, the net gain from 7 B-oxidation cycles = 35 — 1 = 34 ATP. 8 molecules of 
acetyl CoA on being oxidized through TCA cycle generate 8 x 12 = 96 ATP. Hence, 
for complete oxidation of palmitic acid, 34 + 96 = 130 ATP are produced. 

[2] Synthesis of other materials: The acetyl CoA produced from B- oxidation 
is utilized for acetylation reactions and synthesis of various biologically important 
compounds such as acetyl choline, cholesterol, steroid hormones, fatty acids etc. 

[3] Source of water: Along with the production of ATP, the B- oxidation of 
fatty acid also helps in production of a large quantity of water through the ETS. 
Hence, fats are considered as a good source of water as well. Camel’s hump (which 
stores a large quantity of fat) is an example of this. 


1.12.1. C. KETONE BODIES 

Definition: Three products of fat metabolism namely acetoacetic acid, 
B-hydroxybutyric acid and acetone are collectively known as ketone bodies (or 
acetone bodies). 

Formation of ketone bodies or Ketogenesis : Ketone bodies are formed in liver. 
The enzymes responsible for ketogenesis occur in mitochondria of liver cells and 
the process is intimately associated with B- oxidation of fatty acids. The process of 
formation of ketone bodies is divisible into three phases—[1] formation of acetoacetyl 
CoA from fatty acids, [2] formation of acetoacetic acid from acetoacetyl CoA and 
[3] formation of B-hydroxybutyric acid and acetone from acetoacetic acid. These are 
described below (Fig. 1.24). 

[1] Formation of acetoacetyl CoA from fatty acids: Acetoacetyl CoA is the 
starting material for ketogenesis. It is produced from f-oxidation of fatty acids in 
liver, in two ways—[A] Acetoacetyl CoA may be produced directly from the terminal 
4C fragment, left after repeated B-oxidation of even C fatty acids (actually the B- 
ketoacyl CoA containing 4C atoms is acetoacetyl CoA). [B] Acetoacetyl CoA may 
also be produced by condensation of two molecules of acetyl CoA (derived from B- 
oxidation) through reversal of the thiolase reaction of B-oxidation, with release of 
one molecule of coenzyme A (CoA-SH). 
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[2] Formation of acetoacetic acid from acetoacetyl CoA : It can occur in two 
ways—[A] Some acetoacetyl CoA molecules may be directly hydrolyzed into 
acetoacetic acid and CoA-SH by the enzyme deacylase. [B] Most of the acetoacetyl 
CoA molecules at first condense with another molecule of acetyl CoA to form a 6C 
compound hydroxy methyl glutaryl CoA (HMG CoA) and CoA-SH by the action 
of an enzyme HMG CoA synthase ; the HMG CoA is then cleaved into acetoacetic 
acid and acetyl CoA by another enzyme HMG CoA lyase. 

[3] Formation of B-hydroxybutyric acid and acetone from acetoacetic acid: 
Most of the acetoacetic formed in mitochondria of liver cells is reduced to 
B-hydroxybutyric acid by the enzyme B-hydroxybutyrate dehydrogenase using NADH, 
as the 2H donor. Some amount of acetoacetic acid is decarboxylated to acetone 
spontaneously (le., without the help of any enzyme). 
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Fig. 1.24 : Pathway of ketogenesis in liver. 


o Catabolism of ketone bodies: Liver produces ketone bodies but it cannot catabolize 
(oxidize) them. The ketone bodies produced in liver diffuse into circulation from 
where they are taken up and oxidized by extrahepatic tissues like brain, heart, 
striated muscles and kidneys in preference to glucose or other fuels. However, acetone 
is not oxidized ; it is excreted through urine and expired air (as it is volatile), 
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Acetoacetic acid and B-hydroxybutyric acid are oxidised after being converted to 
acetoacetyl CoA (Fig. 1.25). 

Acetoacetic acid can be converted to acetoacetyl CoA in two ways—[1] The 
enzyme acetoacetate thiokinase activates acetoacetic acid to acetoacetyl CoA using 
CoA-SH and ATP. [2] The enzyme succinyl CoA acetoacetate CoA transferase 
transfers coenzyme A from succinyl CoA to acetoacetic acid producing acetoacetyl- 
CoA and succinic acid. 

B-hydroxybutyric acid is converted to acetoacetyl CoA through two routes— 
[1] B-hydroxybutyric acid is first dehydrogenated (oxidized) by a dehydrogenase to 
acetoacetic acid which is then activated to acetoacetyl CoA (as mentioned above). 
[2] Alternatively, B-hydroxybutyric acid may first be activated by a thiokinase using 
CoA-SH and ATP, to B-hydroxybutyryl CoA which is then dehydrogenated to 
acetoacetyl CoA by a dehydrogenase. 

The acetoacetyl CoA formed from the ketone bodies is finally split into two 
molecules of acetyl CoA by the enzyme thiolase, and the acetyl CoA is oxidized 
through the TCA cycle. 
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Fig. 1.25 : Catabolism of ketone bodies in extrahepatic tissues. 


© Significance of ketone body formation: Normally ketone bodies are produced 
in liver in traces and they are almost entirely catabolized in extrahepatic tissues so 
that very small amount of these are present in blood and urine. Ketogenesis increases 
significantly in conditions when glucose is not available for energy supply e.g., 
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Starvation, diabetes mellitus, high-fat and low carbohydrate diet etc., Under such 
conditions, fat is used as the major fuel and liver derives its energy supply through 
increased g: oxidation of fatty acids. But all the acetyl CoA molecules produced from 
B-oxidation cannot be oxidized through TCA cycle because the TCA cycle remains 
Suppressed due to unavailability of oxaloacetic acid (OAA) caused by reduced glucose 
oxidation (as OAA is derived from pyruvic acid) as well as increased neoglucogenesis 
(which uses OAA). So, the liver converts the excess acetyl CoA molecules into 
ketone bodies. This serves two purposes 

[1] Conversion of acetyl CoA molecules to ketone bodies helps to maintain the 
availability of free CoA-SH in mitochondria which is necessary for running the B- 
oxidation. This is specially important because the inner membrane of mitochondria 
is impermeable to CoA-SH. 

[2] Ketone bodies produced in liver are released in blood and supplied to 
extrahepatic tissues like brain, heart, skeletal muscle etc., where they are used as the 
major fuel when glucose is not available. 
® Ketosis : In severe diabetes mellitus or prolonged starvation, the ketone body 
production in liver far exceeds the capacity of extrahepatic tissues to utilize them. 
As a result of this, there is an abnormal increase in the level of ketone bodies in 
blood (ketonemia) and urine (ketonuria) ; the overall condition is known as ketosis. 


1.12.2. FORMATION OF FAT OR LIPOGENESIS 


Neutral fats or triglycerides are synthesized in the body by esterification of glycerol 
with fatty acids and are stored mainly in the adipose tissue (fats depots). The 
glycerol may be produced in the body from glucose or derived from dietary fats. The 
fatty acids are derived from digestion and absorption of dietary fats or they may be 
synthesized in the body by joining several molecules of acetyl CoA in series. Synthesis 
of fatty acids is a very complicated process requiring a multienzyme system called 
fatty acid synthase. The short-chain fatty acids absorbed from intestine may be 
converted to long-chain fatty acids by adding acetyl CoA molecules to them before 
they are incorporated in fats. Glucose may also be converted to fatty acids through 
acetyl CoA. The process of biosynthesis of triglycerides or neutral fats (i. e., 
lipogenesis) is summarized below in brief (Fig. 1.26). 

Triglyceride synthesis occurs in various tissues like adipose tissue, liver, kidney, 
lactating mammary gland, intestinal mucosa, muscles etc., Like other anabolic 
processes, lipogenesis also requires consumption of ATP because both glycerol and 
fatty acids must be activated by ATP to a-glycerophosphate and acyl CoA respectively 
before they can be incorporated into glycerides. Glycerol is activated to G- 
glycerophosphate by the enzyme glycerokinase using ATP as the phosphate donor. 
This enzyme is present in liver, kidney, mammary gland and intestine but its activity 
is very low in adipose tissue and muscles. Hence, in adipose tissue and muscles, the 
-glycerophosphate is derived from dihydroxyacetone-1-phosphate (an intermediate 
of glycolytic pathway) which is reduced to a-glycerophosphate by NADH, in presence 
of the enzyme -glycerophosphate dehydrogenase. 

Fatty acids are activated to acyl CoA by the enzyme thiokinase using ATP and 
CoA-SH. Two molecules of acyl CoA combine with a-glycerophosphate to form 
d, B-diglyceride phosphate (or phosphatidic acid), catalyzed by glycerophosphate 
acyl transferase. Then the d, B-diglyceride phosphate is converted to d, B-diglyceride 
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by a phosphatase enzyme called Phosphatidate phosphohydrolase. Finally, another 
molecule of acyl CoA is esterified with the diglyceride to form a triglyceride, 
catalyzed by the enzyme diglyceride acyl transferase. 
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Fig. 1.26 : Biosynthesis of triglyceride. 


High fat and/or carbohydrate diet may lead to overweight due to deposition of 
excess fat under the skin and over the visceral organs ; the condition is known as 
obesity. 
® Significance of lipogenesis : The fat stored in the body by lipogenesis serves 
three functions II] It acts as a storehouse of energy. [2] The fat deposited over 
visceral organs e.g., kidney, intestine etc., protects them from mechanical injury by 
working as pads. [3] The subcutaneous fat (stored beneath the skin) serves as an 
insulating layer and prevents the loss of heat from the body for thermoregulation. 


1.12.3. FORMATION OF OTHER LIPIDS AND THEIR DERIVATIVES 
Compound lipids like phospholipids, glycolipids, proteolipids (lipoproteins) 
etc., are synthesized in the body from fatty acids, glycerol and certain other materials. 
These lipids are requied for the formation of biological membranes (cell membrane 
and membrane bound organelles), myelin sheath etc. Cholesterol is synthesized in 
liver from acetyl CoA and is used for synthesis of steroid hormones in adrenal 
cortex, ovary, testis etc. Cholic acid derived from cholesterol is used for synthesis 
of bile acids. If the blood level of cholesterol is abnormally increased, the cholesterol 
is deposited on the inner wall of the blood vessels leading to their thickening and 
stiffening (loss of elasticity). This condition is known as atherosclerosis in which 
the blood pressure is raised and the heart has to work against an increased resistance. 
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For this reason, a high fat diet causes hypertension. The essential unsaturated 
fatty acids* derived from diet are used in production of prostaglandins that act as 
local hormone in most of the body tissues. 


1.12.4. SUMMARY OF LIPID METABOLISM 
The main pathways of lipid metabolism are summarized below schematically (Fig. 1.27). 
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Fig. 1.27 : A schematic representation of lipid metabolism. 


= REVISION EE a ol oe 


B-oxidation of fatty acid Oxidation of fatty acid at its B carbon (3rd carbon from 
the carboxyl end) so that the terminal two carbon atoms are split as acetyl CoA. 
Acyl CoA—Activated coenzyme A derivative of a fatty acid. 

Acetyl CoA—Activated coenzyme A derivative of acetic acid. 
Lipolysis—Hydrolysis of lipids (or fats). 

Lipogenesis—Synthesis of triglycerides (fats). 

Depot fat—Reserve fat stored in the adipose tissue. 

Ketone bodies—Acetoacetic acid, B-hydroxybutyric acid and acetone. 
Ketogenesis—Formation of ketone bodies, 

Ketonemia—Abnormal increase in blood level of ketone bodies. 
Ketonuria—Presence of considerable amounts of ketone bodies in the urine. 
Ketosis—Increased ketogenesis associated with ketonemia and ketonuria. 
Atherosclerosis—Thickening and stiffening of the inner wall of blood vessels. 
Hypertension—Abnormally, high blood pressure. 
Obesity—Over weight due to excess fat deposition in the body. 


* Three unsaturated fatty acids namely linolenic acid, linoleic acid and, arachidonic acid are called 
‘essential fatty acids’ because the body cannot synthesize them and their inclusion in diet is essential. 
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Section—C : ALIMENTATION 


1.13. Alimentation : Alimentary (or Digestive) System 

The physiological process of acquiring nutrients from food for nourishment of 
our body is called alimentation. It includes ingestion and digestion of food, absorption 
of nutrients and egestion of unabsorbed food residues. The organs concerned with 
the overall process together constitute the alimentary system which is also known 
as digestive system. 
1.14. Structure And Function Of Different Parts Of Digestive System 


The digestive system is made up of alimentary canal and accessory digestive 
glands. The alimentary canal is a 9 m (approximately) long muscular tube extending 
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Fig. 1.28 : The human digestive system (salivary glands not shown). 
from mouth to anus and consists of mouth cavity, pharynx, oesophagus, stomach, 
small intestine and large intestine. The accessory digestive glands include salivary 
2253—55 
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glands, liver and pancreas that open into the alimentary canal through their respective 
excretory ducts. 

The histological structure of the wall of alimentary canal extending from 
oesophagus to large intestine is basically similar, consisting of four layers (Fig. 
1.29). From outside inward these are— serous layer, muscular layer, submucous 
layer and mucous layer. The outermost serous layer is made up of fibrous connective 
tissue. The muscular layer (or muscularis externa) is composed of smooth 
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Fig. 1.29 : Diagrammatic representation of corss section of alimentary canal, 


(involuntary) muscles that usually remain arranged in two sets, an outer (adjacent to 
serous layer) longitudinal layer and an inner circular layer. The submucous layer 
consists of loose connective (areolar) tissue having larger blood vessels, lymphatics 
and nerve fibres. In some parts of the canal, the submucous layer contains mucous 
glands that open into the lumen. The innermost mucous layer forms the lining of 
the lumen of alimentary canal and is made up of epithelial tissue. This layer is 
especially modified and developed in different parts of the alimentary canal. Just 
outside the mucous layer i.e., in between the mucous and submucous layers, there 
is a thin layer of smooth muscle called muscularis mucosa. The four above mentioned 
layers show characteristic features at different parts of the alimentary canal according 
to the functions of those parts. Structure and function of the individual parts of 
digestive system are described below. 


1.14.1. MOUTH CAVITY OR ORAL CAVITY 


It is first part of alimentary canal and is made up of two parts, an outer small 
portion called vestibule and an inner relatively larger portion called oral cavity 
proper. The vestibule part opens outside through the oral aperture ; it is surrounded 
externally by the lips, laterally by the cheeks and internally by the teeth and gums. 
The oral cavity proper is guarded anteriorly by the gums and teeth, and opens 
posteriorly into the pharynx. Its roof and floor are made up of palate and tongue 
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respectively. The anterior bony part of the palate is called hard palate whereas its 
posterior non-bony (muscular) part is called soft palate. The ducts of the salivary 
glands open into the mouth cavity. The entire mouth cavity except the exposed 
surface of teeth is lined by non-cornified startified squamous epihelial tissues, 
Teeth and tongue are the chief organs present in the mouth cavity for its functioning, 


1.14.1.A. TEETH 


Teeth remain arranged in two curved rows (dental arches) one each in the maxilla 
(upper jaw) and the mandible (lower jaw). The number and arrangement of teeth in 
each jaw quadrant (i.e., left and right 
halves of upper and lower jaws) are Incisors 
same. In man, like many other Canine 
mammals, teeth appear in two sets— 2 
deciduous teeth (or temporary teeth) Ne Premolars 
and permanent teeth. Deciduous G 
teeth are also called milk teeth that 
begin to erupt from about the age of 
six months and the full set is 
developed by the age of two years. 
Milk teeth are replaced by permanent 
teeth; the process begins from the Fig. 1.30 : Arrangement of permanent teeth in 
age of 5-6 years and is generally pps JADE man 
completed by the age of 20 years. There are four types of teeth e.g., incisor, canine, 
premolar and molar. 

The full set of deciduous teeth consists of 20 members, 10 each in upper and 
lower dental arches. In each jaw quadrant, 5 such teeth including 2 incisors, 1 
canine and 2 molars remain arranged from medial to lateral side sequentially. 

The permanent teeth are totally 32 in number, 16 in each of the upper and lower 
jaws. In each jaw quadrant, there are 8 such teeth that remain arranged from medial 
to lateral side in the following sequence—2 incisors, 1 canine, 2 premolars and 3 
molars. The most posterriorly placed tooth or the third molar tooth of each quadrant 
is called wisdom tooth which appears at last and may even be absent in some cases, 
So, the number and organization of different types of teeth in each jaw quadrant 
from medial to lateral side is as follows : 


|r sie = | Canine | Premotar | Molar | Total 
| Deciduous teeth | 2 | 1 | 


Emos 


The teeth are placed on the bony sockets of the jaws. The portion of a tooth that 
remains buried within the socket is called root and the part projecting out of it is 
called crown while the junction of these two is known as neck, 
© Histological structure: The tooth is the hardest structure of the body. A 
longitudinal section of a tooth reveals that the bulk is composed of a yellowish, 
calcified and hard material called dentine. The dentine of the crown is covered by 
a very hard translucent material called enamel. The enamel is the hardest tissue of 
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our body. It is a modified epithelial tissue of ectodermal origin. The dentine of the 
root is covered by a much thinner 
yellowish bone-like tissue called 
cementum. The cementum is a 

Dentine calcified tissue of mesodermal 
Ree re chamber origin. The cementum of the root 


0 
Enamel 


is separated from the bony socket 
by a soft tissue, the periodontal 
% ) membrane (or periodontium) 
N Jom which: contains collagen. fibres 
Periodontal and helps in anchoring of the 
membrane tooth with the socket. In the neck 
Cementum 3 
region, the | periodontal 
D membrane is covered by gingiva 
$ G Bone (or gum). The dentine contains 
Apical foramen | a central canal, the pulp cavity. 
Toward the crown, the pulp 
cavity is expanded into a pulp 
chamber and in the root region it is narrowed into a pulp canal opening at the tip 
of the root into an apical foramen. The pulp cavity contains a loose connective 
tissue, the pulp, to which blood vessels and sensory nerves are supplied through the 
apical foramen. The pulp cavity is lined by columnar cells called odontoblasts that 
form the dentine. 
© Functions of teeth: Different types of teeth have definite functions depending 
on their shape and structure. The incisors are meant for biting and cutting, the 
canines for tearing, and the premolars and molars for grinding. 


1.14.1.B. TONGUE 


The tongue is a flat, muscular organ. Its anterior two-third part lies in the mouth 
cavity and the posterior one-third part in the pharynx. These two parts are referred 
to as oral and pharyngeal parts of the 
tongue respectively and are separated 
by a V-shaped furrow, the sulcus 
terminalis. The tongue is attached 
posteriorly to the wall of pharynx h 
while its anterior margin is free and ; b Circumvallate 
remains in contact with the gums and ff papillae 
teeth. The upper or dorsal surface of : 
the tongue contains numerous fine 
projections called papillae that give 
to this part its characteristic roughness. 
Papillae are absent on the ventral 
surface of the tongue. Structurally, 
papillae are of three main types : Fig. 1.32 : External structure of dorsal surface 

[1] Vallate or circumvallate pitongue. 
papillae : These are largest, cup shaped and only 8-12 in number. They remain 
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Fig. 1.31 + Histological structure of a tooth. 
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arranged in the form of a V-shaped row just in front of and parallel to the sulcus 


terminalis. 
Crypts of 


[2] Fungiform papillae : These ST TI aR lingual tonsil 
are also large, but round shaped Pers 


and numerous, found chiefly at the |Circumyallate 8 f 
papillac s 


sides and apex of the tongue, 

[3] Filiform papillae : These 
are minute, numerous and conical 
or cylindrical in shape. They are 
also located at the apex of the 
tongue mainly, 

The posterior one-third (or 


geal i Mucous Skeletal Lymphoid 
pharyngea part) of the tongue is dne muacle nodules of 
devoid of papillae but it contains a lingual tonsil 
number of low elevations due to Fig. 1.33 : A three dimensional view of dorsal 
the presence of underlying nodules surface and cross section of tongue. 


of lymphoid tissue, collectively known as the lingual tonsil. 


© Histological structure : The surface of tongue is covered by the lingual mucous 
membrane which is made up of non-cornified stratified squamous epithelium. In 
the mucous membrane of the lateral walls of the vallte and fungiform papillae, there 
are oval shaped structures called taste buds that are the receptors for taste sensation. 
Beneath the mucous layer, there is a submucous layer composed of fibrous connective 
tissues with numerous elastic fibres, blood vessels, nerve fibres and some glands. 
The glands are of two types mucous and serous. The serous glands, also called 
glands of Ebner, are distributed in the neighbourhood of the taste buds. They 
secrete a watery fluid which helps in distributing the substance to be tasted over the 
taste area as well as in washing away the substance after it has been tasted. Underlying 
the submucous layer, there are numerous striated (voluntary) muscle fibres oriented 
in different ways that aid in the great diversity of tongue movements. 


@ Functions of tongue : 

[1] Chewing and swallowing : Chewing or mastication is basically a function 
of teeth, which is assisted by movements of the tongue. The tongue helps in the act 
of chewing by placing the food particles in between the moving teeth. During chewing, 
the food is mixed with saliva and lingual secretions to form a bolus which is finally 
pushed by the posterior part of the tongue into the oesophagus through the pharynx 
for swallowing (or deglutition). à 

[2] Taste sensation (gustation) : Taste buds present in tongue are the receptors 
for taste sensation ; hence, tongue is considered as the sense organ for gustation. 

[3] Speech : Movement of tongue helps in the act of speaking. 


1.14.2. PHARYNX 

The pharynx is a 12-14 cm long, musculo-membranous tube situated behind the 
mouth, the nasal cavities and the larynx where the digestive and respiratory tracts 
meet together. So, it is considered as a part common to both the digestive and 
respiratory systems. Anteriorly it opens into the nasal cavities, the mouth and the 
larynx, and below it is continuous with the oesophagus. The pharynx is divisible into 
3 parts— the nasopharynx, the oropharynx and the laryngeal pharynx. 
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The nasopharynx is situated above the soft palate and extends from the posterior 
end of nasal cavities to the posterior end of soft palate. In fact, this part of pharynx 
should not be included in digestive system. The oropharynx is situated below the 
soft palate and extends from mouth cavity to the upper border of larynx. The laryngeal 
part of pharynx lies behind the larynx and below the oropharynx and is extended 
upto the upper border of oesophagus. The eustachian tube of either side coming 
from the middle ear opens at the lateral walls of the nasopharynx. 
© Histological structure’: The pharyngeal wall is composed of three coats from 
outside inward— muscular, fibrous and mucous. The muscular outermost coat of 
pharynx is composed exclusively of striated (voluntary) muscles that mainly comprise 
three constrictors—superior, middle and inferior, arranged more or less circularly. 
The fibrous intermediate layer is thick above and as it descends, it diminishes in 
thickness. The mucous membrane of oral and laryngeal parts of pharynx is made up 
of non-cornified stratified squamous epithelium which is same as that of mouth 
and oesophagus and is continous with them. In the nasopharynx, the lining epithelium 
is columnar and ciliated. There are two masses of lymphoid tissue in the mucous 
membrane of the lateral walls of oropharynx ; these are called palatine tonsils. 
© Function of pharynx : The main function of pharynx is to send the food and the 
inspired air into the oesophagus and trachea respectively. 


See REVISIONS Bee eee 


Alimentary canal : The digestive tube from mouth to anus. 

Accessory digestive glands : Digestive glands opening into the alimentary canal 
through their own excretory ducts (salivary glands, pancreas and liver). 
Palate: Roof of the oral cavity. 

Hard palate : The anterior bony portion of the palate, separating the oral and 
nasal cavities. 

Soft palate : The posterior muscular portion of the palate partially separating 
the oropharynx and nasopharynx. 

Deciduous teeth (Milk teeth) : The 20 teeth of the first dentition that are replaced 
by 32 teeth of second dentition. 

Permanent teeth : The 32 teeth of second dentition. 

Wisdom teeth : The last (or third) molar tooth on either side in each jaw. 
Dentine : A hard, calcified material which is the chief substance of teeth, 
Cementum : Calcified tissue of ectodermal origin covering the root of a tooth. 
Enamel : Calcified tissue of ectodermal origin covering the crown of a tooth, 
Odontoblast : One of the connective tissue cells forming the outer surface of the 
dental pulp cavity, adjacent to dentine. 

Periodontal membrane (Periodontium) : The tissue investing and supporting the 
teeth, 

Ebner’s gland: Serous glands of the tongue. 

Lingual tonsil : A mass of lymphoid tissue at the base of tongue. 

Eustachian tube: A canal from nasopharynx to middle ear. 

Oropharynx : The part of pharynx behind the mouth and tongue and below the 
soft palate. 

Nasopharynx : The part of pharynx above the soft palate and behind the nasal 
cavity. 
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1.14.3. OESOPHAGUS 

The oesophagus is a muscular tube, about 25cm (10 inch) long, connecting the 
pharynx (laryngeal part of pharynx) to the stomach, It begins in the neck at the 
caudal border of laryngeal pharynx, descends through the neck and thorax, pierces 
the diaphragm to enter into the abdominal cavity and finally opens into the stomach, 
It lies dorsal to the trachea and ventral to the vertebral column. 
© Histological structure : The oesophageal wall consists of the four layers that are 
characteristic of the alimentary canal. The outermost layer called fibrosa or adventitia 
is composed of irregular dense connective tissue with many elastin fibres instead of 
a well organized serous coat. The muscular layer inner to fibrosa is composed of 
the usual two strata, an outer longitudinal and an inner circular. In the upper part of 
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Fig. 1.34 : Histological structure of oesophageal wall. 


oesophagus, the muscular coat consists of striated (voluntary) muscles that are simply 
the continuity of pharyngeal muscles. In the lower part of oesophagus, bundles of 
smooth muscle appear and gradually replace the striated muscle more caudally so 
that the lower one-third portion contains smooth muscle only. Just inside the muscular 
coat is the submucous layer which is made up of loose connective (areolar) tissue 
and contains blood vessels, nerves and mucous glands. The innermost mucous layer 
is lined by stratified non-cornified squamous epithelium. Under normal condition, 
the mucous layer is thrown into longitudinal folds which disappear when the tube 
is distended by food. There is a layer of smooth muscle in between the mucous and 
submucous layers ; this is called muscularis mucosa. 

© Function of oesophagus : The chief function of oesophagus is to pass the food 
bolus from pharynx to stomach by the process called deglutition. This is accomplished 
by the peristaltic movement of oesophagus which helps to propel the food downward. 


872 A TEXT BOOK OF BIOLOGY 


1.14.4. STOMACH 

The most dilated portion of the alimentary canal situated next to oesophagus is 
called stomach. It is a muscular, sac-like structure that lies in the left side of upper 
abdomen. Its shape and 
position are modified by 
changes within itself and in 
the surrounding viscera: The 
stomach has two openings, 
one each at its upper and 
lower ends. The upper 
opening is called cardiac 
orifice through which the 
oesophagus communicates 


Pyloric y with the stomach. The small 
aperture - xar 
area surrounding the cardiac 

Pyloric Ae Se „| orifice is referred to as cardia 


sphincter (or cardiac region). The 


opening at the lower end of 
stomach by which it opens 
into the duodenum is called 
pyloric orifice. The cardiac 
and pyloric orifices are 
— guarded by two sphincters 
Pyloric region (ring of smooth muscles 

(Pylorus) formed by thickening of 
circular muscles) that are 
called cardiac sphincter and 
pyloric sphincter respectively. Normally, these two sphincters remain contracted to 
close the orifices. The cardiac sphincter opens during the entry of food into the 
stomach (le., swallowing) and again closes thereafter so as to prevent regurgitation. 
However, during vomiting, it relaxes to open the cardiac orifice. The pyloric sphincter 
relaxes to open the pyloric orifice during emptying of stomach (e., exit of food 
from stomach to duodenum) and then again closes to prevent back flow of intestinal 
contents into stomach. 

The stomach has two curvatures along its lateral margins extending between the 
cardiac and pyloric orifices. The right and left margins of stomach are called lesser 
curvature and greater curvature respectively. The whole stomach is divided into 
three parts—fundus, body and pylorus. The part of stomach to the left of and above 
the level of cardiac orifice is called fundus. Normally, it remains filled with gas. The 
‘body’ is the major central part of stomach that remains vertically placed in upright 
position. The pylorus is the narrow lower part of stomach that lies more or less 
transversly. 

@ Histological structure : The wall of stomach consists of the four usual layers 
namely serous, muscular, submucous and mucous from outside inward. The serous 
layer is made up of visceral peritoneum. The muscular coat (or muscularis externa) 
of stomach is quite thick and consists of three sets of smooth muscle fibres- outer 


Duodenum i 


Fig. 1.35 : Longitudinal section of stomach: 
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longitudinal, middle circular and an inner oblique. Thus, the stomach contains an 
additional layer of obliquely arranged muscle fibres most internally which is not 
found in other parts of the alimentary canal. At the junctions of stomach with the 
oesophagus and duodenum, the circular muscles aggregate to form the cardiac and 
pyloric sphincters respectively. The submucous coat of stomach is similar to that of 
other parts of alimentary canal and consists of loose areolar tissue ; but it is devoid 
of mucous glands. 
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Fig. 1.36 : Structure of gastric mucosa. 


The mucous layer of stomach is thick and its surface is smooth, soft and velvety. 
During empty state, the mucous membrane of stomach is thrown into folds (mainly 
longitudinally) called rugae. When the stomach is distended (e. g., ‘by food), these 
folds are obliterated. The surface of mucous membrane (i. e., the luminal surface) of 
stomach is lined by a single layer of columnar cells and it contains numerous small 
pits called gastric pits. Some tubular glands, referred to as gastric glands open at 
the bottom of each gastric pit. These tubular glands contain three major cell types— 
[i] chief cells or peptic cells, which secrete pepsinogen ; [ii] parietal cells or 
oxyntic cells, that secrete hydrochloric acid; and [iii] mucous cells, that secrete 
mucus. At the external border of mucous layer, there is a thin stratum of smooth 
muscle fibres called muscularis mucosa which foms the boundary between the 
mucous and submucous layers. 


@ Functions of stomach: 
[1] Mechanical function : The stomach acts like a tough muscular bag that holds 
the ingested food for several hours. Movements of stomach help in mixing of the 


food with the gastric juice. 
[2] Digestion : The stomach secretes gastric juice containing proteolytic enzymes 
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that help in digestion of proteins. Moreover, the digestive action of saliva is also 
continued in the stomach after the food mixed with saliva enters into it. 

[3] Absorption: Water, glucose, alcohol erc.. are absorbed from the stomach. 
The stomach secretes the ‘intrinsic factor’ in gastric juice which is essential for 
absorption of vitamin B,, and thereby erythropoiesis. 

[4] Excretion : Some alkaloids, drugs and toxic materials may be excreted through 
the gastric juice. 

[5] Endocrine function : The mucous membrane of stomach secretes a hormone 
called gastrin which stimulates secretion of gastric juice as well as motility of 
stomach. 


1.14.5. SMALL INTESTINE 


The portion of alimentary canal next to the stomach is termed intestine which is 
divisible into two parts small intestine and large intestine. The first part of intestine 
extending from pyloric sphineter to ileocaecal sphincter is called small intestine. 
Although this portion of 
intestine is referred to as 
‘small’, it is in fact the 
longest part of the alimentary 
canal, about 6-7m (20 - 22ft) 
in length. It is so named 
Crypt of because its diameter is much 
Lieberkuhn smaller than the rest of the 
intestine. Moreover, it 
gradually diminishes in 


Mucous layer 


8 1 diameter from its commence- 

oN ment to its termination. 
5 Brunners The small intestine lies in 
2 gland the central and lower part of 


the abdominal cavity, usually 
within the confines of the 
large intestine. As it is very 
long, it is highly convoluted 
so that it can be accommo- 
dated within the abdominal 
cavity, The small intestine is 
divisible into three parts— 
duodenum, jejunum and 
ileum, The first part of small 
intestine adjacent to pylorus 
of stomach is called 
duodenum. It is a 
C-shaped curved tube, about 
25 cm in length, which 
encloses the head of the 
Fig. 1.37 : Histological structure of duodenal wall (TS.). pancreas. The pancreatic and 
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bile ducts jointly open into the duodenum through the ampulla of Vater. The portion 
of small intestine next to duodenum is greatly coiled of which the proximal two- 
fifths constitutes the jejunum and the distal three-fifths the ileum. Morphologically, 
there is no clear demarcation between jejunum and ileum, and the division is arbitary; 
but histologically, these two parts show characteristic differences. 

© Histological structure : The wall of small intestine is composed of the series of 
four layers as found in other parts of the gastrointestinal tract: from outside inward 
these layers are—serous, muscular, submucous and mucous. The outermost serous 
layer is formed of connective tissue that merges with the visceral peritoneum. The 
muscular coat consists of a thin outer longitudinal and a thick inner circular layer 
of smooth muscle fibres. The submucous and mucous layers of small intestine show 
several characteristic features. Moreover, the organization of these two layers in the 
duodenum, jejunum and ileum differ from each other. 

The submucous layer consists of loose connective tissue carrying blood vessels, 
lymphatics and nerves. In the duodenum, the submucous layer contains numerous, 
small, compound acino-tubular (ducto-alveolar) glands called Brunner’s glands that 
secrete alkaline mucus. The ducts of these glands penetrate through the mucous layer 
and open into the lumen of duodenum. These glands are not found in jejunum and 
ileum. 

The mucous layer of small intestine is very well organized and contains plicae 
circulares, villi, crypts of Lieberkuhn and lymphatic nodules. The mucous membrane 
of small intestine is thrown into circularly or spirally arranged folds called circular 
folds or plicae circulares (singular — plica circularis) or folds of Kerckring. These 
folds project into the lumen of intestine transversely to its long axis. Unlike the folds 
in stomach (ie., rugae), they are permanent and are not obliterated when the intestine 
is distended. They retard the passage of food and increase the surface area to aid in 
digestion and absorption. 


Muscular layer Surface epithelium 


Submucous layer 
195 Mucous layer 


n FER p 
Plica circularis 


Capillary plexus. 


Fig. 1.38 : Structure of villi. 
The whole surface of the mucous. membrane of small intestine is beset with 
projections called villi (singular — villus). They give a velvety appearance to the 
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surface. They are large and numerous in the duodenum and jejunum, but are smaller 
and fewer in the ileum. The villi of different parts of small intestine vary in shape 
and size. In the first part of duodenum, they are broad and ridge-like ; in the distal 
duodenum and proximal jejunum, they are tall and leaf-like and thereafter in the 
distal jejunum and ileum, the villi are short finger-like structures. Each villus consists 
of a core of reticular tissue covered by a layer of columnar epithelium. The reticular 
tissue contains a centrally placed blind ending of a lymph vessel called lacteal which 
is surrounded by a plexus of blood capillaries. At the free surface of the lining 
columnar cells, there is a highly refractile, yertically striated border or brush border 
formed due to the presence of parallel microvilli. The villi and microvilli afford a 
manyfold increase in the surface for absorption. 

The mucous membrane of small intestine contains numerous simple tubular glands 
called intestinal glands or crypts of Lieberkuhn that are arranged perpendicularly 
to the surface upon which they open by small circular apertures. 

Lymphatic nodules are found scattered throughout the mucous membrane of the 
small intestine. At places, several such nodules become aggregated to form circular 
or oval patches called Peyer's patches. They are largest and most numerous in the 
ileum. 

Duodenum, jejunum and ileum can be distinguished by the presence or absence 
of Brunner’s glands and Peyer’s patches ; duodenum contains only Brunner's glands, 
ileum contains only Peyer’s patches, whereas jejunum contains none of these. 
© Functions of small intestine : 1 

[1] Digestion : Digestion of food is completed in the small intestine by the joint 
action of intestinal, pancreatic and bile juices, 

[2] Absorption: Most of the food materials are absorbed from the small intestine, 
This is facilitated by the presence of plicae circulares and villi in the mucous membrane 
as well as the microvilli on the lining epithelium, because all these afford an increase 
in the area of the surface of absorption. Digestion. products. of carbohydrates and 
proteins are absorbed into the blood capillaries of villi whereas those of lipids into 
the lacteal. Most of the vitamins, minerals and water (which do not require digestion) 
are also absorbed from the small intestine. 

[3] Secretion of hormones : The mucous membrane of small intestine secretes 
some hormones that regulate the function of other organs of the digestive system ; 
these are—(i) secretin, which stimulates the secretory activity of pancreas and liver: 
(ii) cholecystokinin-pancreozymin (CCK-PZ), which stimulates secretion of 
enzymes from pancreas and contraction of gall bladder ; and (iii) enterogastrone, 
which reduces gastric motility, 


1.14.6. LARGE INTESTINE 


The large intestine is the last part of intestine (and also the alimentary canal) and 
extends from the end of ileum to the anus, It is only about 1.5 m in length but its 
calibre is much greater than of the small intestine and hence it is named as large 
intestine. It is divided into four parts — caecum, colon, rectum and anal canal. 

The caecum is the relatively dilated first part of large intestine situated below the 
level where the ileum opens into the large intestine. A narrow, worm-shaped, blind 
tube projects from the caecum ; it is called vermiform appendix. The caecum is 
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continuous superiorly with the colon and at the junction of the two, the ileum opens 
into the large intestine through the ileocaecal (or ileocolic) orifice. 

Colon is the longest part of large intestine and is divisible into four parts— 
ascending, transverse; : À 
descending and sigmoid. The be 
first part of colon that passes ‘Transverse colon 
upward along the right border 
of abdominal cavity is called h aS 
ascending colon. It bends Ascending i Z Descending 
near the lower surface of liver colon 
and passes across the 
abdomen toward the left side N 
this part is called transverse 

on. Near the spleen, i s 
921095 again ae 155 Appendix 

8 Rectum 
downward through the left Anal canal 
lateral border of abdominal 
cavity as the descending 
colon. The next part of colon that lies in the pelvis is called pelvic colon or sigmoid 
colon which forms a loop and is continuous inferiorly with the rectum. The lower 
part of rectum is dilated to form the rectal ampulla. It then narrows inferiorly to 
form the anal canal which finally opens outside through an aperture called anus. 
© Histological structure : There are four tissue-layers in the wall of large intestine, 
same as those in the small intestine. However, these layers show some characteristic 
features. 

The outermost serous layer is made up of visceral peritoneum. In the colon, the 
peritoneum is thrown into a number of small pouches filled with fat ; these are called 
epiploic appendices (or 
appendices. epiploicae). 
They are absent on the 
rectum and anal canal. 

The muscular coat of 
large intestine consists of an 
outer longitudinal and an 
inner circular layer of 
smooth muscle fibres. In 
caecum and colon, the 
longitudinal layer is 
especially thickened to form 
three conspicuous 
longitudinal bands termed 
teniae coli. As these bands 


Fig. 1.40 : Structure of wall of colon (only are shorter than the other 
mucosa and submucosa shown). 4 $ 
coats of intestine, the 


caecum and colon appears to be sacculated ; the saeculi are known as haustra. The 
circular layer of muscle fibres are especially accumulated in the intervals between 
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Fig. 1.39 : Different parts of large intestine. 
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the sacculi. They form the ileocaecal (or ileocolic) sphincter at the junction of small 
and large intestine, and the internal anal sphincter in the anal canal. There is 
another sphincter made up of striated ( voluntary) muscle surrounding the anal canal; 
it is known as external anal sphincter. 

The submucous layer of large intestine is similar to that of small intestine, In 
the vermiform appendix, this layer is well developed and contains large number of 
lymphoid tissue masses that provide a local defence against infection. Hence, the 
appendix is also considered as the guard of alimentary canal. Infective inflammation 
of the appendix is known as appendicitis. 

The mucous membrane of the large intestine is also folded but it is devoid of 
plicae circulares and villi. It contains numerous tubular glands like those of small 
intestine. The wall of these glands are lined by mucous secreting goblet cells* (or 
chalice cells) and absorptive columnar epithelial cells with brush borders. A few 
goblet cell are also present in the small intestine ; but in the large intestine they are 
the major cells between which lie the columnar absorptive cells. Presence of large 
number of goblet cells in the mucous membrane is the most important histological 
feature of large intestine. 
© Functions of large intestine : 

II] Mechanical function : The large intestine holds the food residues for several 
hours and expels them as feces intermittently. 

[2] Absorption : Large intestine is the site of absorption of water and minerals 
mainly, However, small quantities of glucose, amino acids and vitamins are also 
absorbed here. The brush bordered columnar epithelium provides a large surface 
area for absorption. The contents of small intestine are passed to the large intestine 
in semifluid state from which about 80% of water is absorbed to transform the food 
residues into more or less solid feces. 

[3] Secretion and excretion : The goblet cells secrete mucus which provides 
lubrication for easy passage of feces. The large intestine also secretes certain heavy 
metals like lead, mercury arsenic, bismuth etc., that are excreted through feces. 

[4] Bacterial action : The large intestine contains a large bacterial flora. Some 
intestinal bacteria synthesize the vitamins of B-complex group and vitamin K. In 
herbivorous animals e.g., cow, horse, rabbit ete., the caecum contains certain bacteria 
responsible for digestion of cellulose. However in man, the caecum is not so well 
developed and hence cellulose is not digested in human alimentary canal. 


LLL 


Cardia : A small area surrounding the upper orifice of stomach. 
Pylorus : The distal part of stomach opening into duodenum through an aperture. 
Rugae : Folds of mucous membrane of stomach that are observed in empty state 
but disappear when the stomach is distended. 

Muscularis mucosa : The layer of smooth muscles found in between the mucous 
and submucous layers of the gastrointestinal tract. 

Folds of Kerckring : Circular folds of mucous membrane of small intestine, 
Specially in jejunum. 


* These cells are so named because of their shape ; the word ‘goblet’ means drinking glass 
with a stem and a base. 
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Crypts of Lieberkuhn : Simple tubular glands opening on the surface of intestinal 
mucous membrane. 


Brunner’s gland (or duodenal glands) : Ducto-alveolar mucous glands present 
in the submucous layer of duodenum, that open into the intestinal lumen. 
Peyer’s patch : Patches of lymphatic follicles (nodules) found in mucous layer 
of small intestine specially in the ileum. 

Lacteal : The blind ending of a lymph vessel placed centrally in an intestinal 
villus. 


Teniae coli : The three thickened bands formed by longitudinal fibres in the 
muscular coat of large intestine, extending from the root of vermiform appendix 
to the rectum. 

Haustra : Pouches or sacculi of the colon produced by collection of circular 
muscle fibres at certain distance intervals. 

Goblet cells (or Chalice cells): Mucin containing columnar epithelial cells 
looking like a goblet (or wine glass). 

Appendices epiploicae : Small fatty appendages of peritoneum studding the 
external surface of colon. 


1.14.7. SALIVARY GLAND 


In man, there are three pairs of major salivary glands—parotid, submaxillary 
(or submandibular) and sublingual. In addition, numerous other smaller glands 
such as the mucous glands present within the tongue, cheek, hard and soft palates, 
etc., also contribute to the production of saliva. 

The parotid glands are the largest of salivary glands and are located at the side 
of the face, below and in front of the ear. The duct of parotid gland, also called 
Stensen’s duct, opens into the oral cavity inside the cheek opposite the second upper 
molar tooth. The submaxillary 
glands are located below and Masseter 
medial to the mandible. The duct muscle 
emerging from the submaxillary 
gland is called Wharton’s duct 
which opens into the mouth by 
the side of the frenulum of the 
tongue (i. e., the midline fold of 
mucous membrane connecting 
the under surface of the tongue 
and the floor of the mouth). The 
sublingual glands are smallest 
of the paired salivary glands and Submandibular 
lie immediately under the sland Mylohyoid 
mucous membrane of the floor muscle 
of mouth under the tongue. 
Instead of being drained by a 
single large duct, the sublingual glands are drained by several small ducts called 
ducts of Rivinus which open into the floor of the mouth. 


Fig. 1.41 : Location of salivary glands. 
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® Histological structure : The salivary glands are compound tubulo-alveolar glands 
containing tubular as well as alveolar systems. The main duct of a salivary gland 
divides repeatedly to form many smaller branches that finally end as minute dilatations 
which are the secrtetory units called alveoli or acini (sing - acinus ; in Latin acinus 
means grape). This arrangement in which the acini are related to one another like 
grapes in a bunch, is called racemose. Each acinus consists of a single layer of 
glandular (secretory) cells around a central lumen which is the blind terminal of a 
duct. The glandular cells are covered externally by a basment membrane. A few star- 
shaped contractile cells lie in between the basement membrane and the secretory 
cells. These are called myoepithelial cells, the contraction of which results in expulsion 
of saliva from the gland. 
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Fig. 1.42 : Histological structure of salivary glands. A-Parotid ; B-Submaxillary ; C-Sublingual. 


The secretory cells are of two kinds—serous cells that secrete an enzyme-rich 
watery fluid, and mucous cells which secrete a mucin-rich, thick, viscous fluid. 
Depending on the type of cells present, the acini may be of three kinds—serous 
acini that contain serous cells only; mucous acini that are made up of mucous cells 
only ; and mixed acini containing both serous and mucous cells. A mixed acini is 
often formed by the presence of a cap-like crescentic body composed of serous cells 
on a mucous acini. Such ‘serous caps’ are referred to as demilunes. 

The parotid gland consists almost entirely of serous acini and hence it is called 
a serous gland. The submaxillary and sublingual glands are of mixed type and they 
contain all the three types of alveoli. However, in the submaxillary gland, majority 
of the alveoli are of serous type whereas the sublingual gland is predominantly 
mucous in character, consisting of large number of mucous alveoli and mixed alveoli 
(Le., mucous alveoli with demilunes). 

@ Function of salivary glands : The function of salivary glands is to secrete saliva 
that takes part in various functions such as chewing and swallowing of food, digestion, 


excretion, gustation (taste sensation), speech production, maintenance of oral hygiene 
etc., (for details see ‘function of saliva’). 
1.14.8. PANCREAS 


The pancreas is an elongated structure extending transversely across the posterior 
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abdominal wall from the duodenum to the spleen. Its broad, right extremity is called 
head which lies within 


the concavity of Hepatic ducts 
duodenum, its main + 

middle portion is termed 7 A r 
as ody Ac its Herr 0 \ —.— hepatic duet 


Common bile duct 


left extremity is called 
tail that lies near the 
spleen. However, there is 
no sharp demarcation 
between these three parts. 
The main excretory duct 
of pancreas is called the 
duct of Wirsung which 
combines with the 
common bile duct prior }Duodenum 
to opening into the 
duodenum through the Fig. 1.43 : Morphology of pancreas and its 

ampulla of Vater. The relation with bile duct and duodenum. 

opening of the bile-pancreatic duct is guarded by a ring of smooth muscle fibres 
called sphincter of Oddi. 

© Histological structure : The pancreas is a mixed gland, being composed of 
exocrine as well as endocrine tissue. 
The main mass of tissue is the 
exocrine part of pancreas within 
which clusters of endocrine cells 
remain embedded here and there 


Pancreatic duct 


Panereas 


1 ; 5 . constituting the panereatie islets. 
sie Sea ee OO, The exocrine part of pancreas 
¥ 5895 StA 288 0 is identical to salivary gland and is 

BoNo a Ch O 88 composed of acini and duct system. 

Islets of 85 Sie = The pancreatic acini are of serous 
Langerhans 55 : type being composed of secretory 

$ zymogenic cells which are 

Arteriole — 88 8 Ade pyramidal in shape and are arranged 


around a central lumen. The 
secretory cells are covered by a 
basement membrane. Occasionally 
some myoepithelial or basal cells 
may be present in between the 
Fig. 1.44 : Histological structure of pancreas. secretory cells and the basement 
membrane. The minute ducts arising from the lumens of the adjacent acini join 
together to form larger ducts that ultimately drain into the main pancreatic duct. 
The endocrine part of pancreas or the pancreatic islets are also called islets of 
Langerhans. These are rounded stuctures of varying size that are devoid of duct 
system but richly supplied with blood vessels. The islets are more in number in the 
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tail part of the pancreas. Each islet is composed of polyhedral cells clustered in 
small groups or cords around the capillaries which form a rich vascular plexus. 
These cells are of three types—(i) ‘A’ cells or alpha (q) cells that secrete the 
hormone glucagon, (ii) ‘B’ cells or beta (B) cells which secrete the hormone insulin 
and (iii) D' cells or delta (8) cells which probably secrete the hormone somatostatin, 


® Functions of pancreas : The pancreas is unique among the glands of our body 
as it performs both exocrine as well as endocrine functions. 

[1] Exocrine functions : The exocrine part of pancreas secretes an enzyme-rich 
digestive juice, the pancreatic juice. It contains hydrolytic enzymes for digestion of 
carbohydrates, proteins and fats. Hence, it plays an important role in the digestion 
of these food materials (for details see the ‘composition and function of pancreatic 
juice’). 

[2] Endocrine functions : The pancreas secretes three hormones — glucagon, 
insulin and somatostatin. Glucagon and insulin regulate various metabolic functions. 
Somatostatin inhibits the secretion of GI hormones and digestive juices as well as 
motility of the GI tract (for details see Chapter-7). 


1.14.9. LIVER 


The liver is the largest gland in the body normally weighing about 1.5 kg. It is 
situated in the right side of upper abdomen and most of it is covered by the mesentary 
(peritoneal membrane). It is reddish 
brown in colour. The upper surface of 
liver is convex and the lower surface is 

Common concave, The liver is divisible into a 
hepatic duct J s 
Common bile duct | large right and a much smaller left lobe. 
ITION On the inferior surface of the right lobe 
of liver, there lies a slate-blue pyriform 
sac, the gall bladder. It stores and 
Pancreatic meg; modifies the bile secreted from the liver. 
duct 5 The right and left hepatic ducts arising 
from the corresponding lobes of liver 
Fig. 1.45 : Relationship between liver, unite to form the common hepatic duct 
n with which joins the eystie duet coming 
from the gall bladder to form the common bile duct. This in turn joins with the 
pancreatic duct and finally opens into the duodenum through the ampulla of Vater. 
On the inferior surface of liver, there is a deep fissure called porta hepatis through 
which hepatic artery, portal vein and nerves enter into the liver, and the right and left 
hepatic ducts and lymph vessels emerge. 
© Histological structure : Each lobe of liver consists of large number of polyhedral 
lobules ; thus, the hepatic lobules may be considered as the structural units of the 
liver, Each hepatic lobule is marked off from the neighbouring lobules by connective 
tissue septa through which pass groups of three tubes, each group being termed as 
hepatic triad or portal triad. A hepatic triad comprises of an interlobular branch 
of each, the portal vein, the hepatic artery and the bile duct. 

Histological sections of the liver reveal that each hepatic lobule consists of a 

central vein from which cords of polyhedral parenchymatous cells called hepatocytes 


Gall bladder Hepatic ducts 
ga (Right & Left) 
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radiate toward the periphery of the lobule just like the spokes of a wheel. Recent 
studies indicate that the hepatocytes are actually arranged as plates or sheets, one- 
cell thick, which form a ‘wall-work’ with interconnecting bridges. The cell plates are 


Portal vein from intestine 
Bile duct Bile vi | Bile duct 


Bile canaliculus 
opening into 
bile duct 


vena cave 


Fig. 1.46 : Diagrammatic representation of a hepatic lobule. 


called hepatic laminae. The spaces between the adjacent laminae are called hepatic 
lacunae that form a communication system of cavities. The lacunae contain blood 
sinusoids that are wider than capillaries. The lining endothelium of the sinusoids 


Branch of 
Sinusoids 


Sinusoids Liver Interlobular septum 
cells 


Fig. 1.47 : Histological structure of liver. 
| contain some specialized phagocytic cells known as stellate cells or Kupffer cells 


884 A TEXT BOOK OF BIOLOGY 


or hepatic macrophages. The sinusoids communicate with the interlobular banches 
of the portal vein and hepatic artery at the periphery of the hepatic lobule, and at the 
other end open into the central vein. The central veins from adjacent lobules join to 
form sublobular veins that in turn unite to form the hepatic veins which ultimately 
lead into the inferior vēna cava. 

There are fine bile canaliculi in between the adjacent hepatocytes of a hepatic 

lamina. These canaliculi form a network surrounding the hepatocytes. At the periphery 
of lobules, the canalicular network joins with the interlobular bile ducts that finally 
lead into right or left hepatic ducts. 
Functions of liver: Although the liver is considered as a digestive gland, it 
performs many other functions in the body. The liver is particularly important for its 
metabolic activities and hence, it is also designated as the ‘biggest chemical 
laboratory’ of the body. The chief functions of liver are as follows : 

[1] Secretion of bile : As a digestive gland, the liver secretes bile. This juice 
does not contain any digestive enzyme but it is very important for digestion and 
absorption of fat. The liver also excretes certain materials through the bile. Thus, 
bile is considered as a secretion as well as excretion of liver (for details see the 
composition and function of bile). 

[2] Storage and metabolism : The liver acts as a store house of various food 
stuffs such as carbohydrates, proteins, fats, vitamins and minerals and takes part in 
their metabolism. The food materials absorbed form intestine are first of all carried 
to liver by the hepatic portal vein. The liver picks up and stores them, and releases 
them into the general circulation according to their need in the body. This is why the 
liver is often referred to as the ‘metabolic buffer’ of the body, The liver also helps 
in the inactivation (or metabolic degradation) of hormones after their desired actions 
are over. 

[3] Thermoregulation : Heat produced by metabolic activities of liver helps in 
maintenance of body temperature. 

[4] Hematological functions : The liver is the site of plasma protein formation, 
erythropoiesis in foetus and degradation of old and defunct RBCs. The liver acts as 
reservoir of blood. It produces an anticoagulant called heparin which prevents 
intravascular clotting of blood. 

[5] Defence mechanism : By virtue of their phagocytic activity, the Kupffer cells 
of liver kill the bacteria that have entered into the blood. The liver also takes part 
in antibody formation and detoxication of various harmful materials, thereby helping 
the defence mechanism of the body. If a man is hepatectomized (i.e., his liver is 
removed) he will not survive because of the toxemia resulting from failure of 
detoxication mechanism of the body. 


Dire REVISON Eke FF fF oF a a 


Stensen’s duct : The duct of parotid salivary gland. 
Wharton’s duct : The duct of submaxillary salivary gland. 
Ducts of Rivinus : The small ducts of sublingual salivary gland. 
Duc of Wirsung : The pancreatic duct. 

Cystic duct : The excretory duct of gall bladder. 
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Ampulla of Vater (or Hepatopancreatic ampulla) : A flask-like cavity in duodenum 
into. which the common bile duct and pancreatic duct open jointly. 

Sphincter : A ring-like muscle which closes a natural orifice. 

Sphincter of Oddi : The sheath of smooth muscle fibres investing the bile and 
pancreatic ducts as they traverse the wall of duodenum. 

Cardiac sphincter : Ring of smooth muscles around the opening of oesophagus 
into stomach. 


Pyloric sphincter : Thickening of the muscular wall of stomach around its opening 


into duodenum. 

Myoepithelial cells : Smooth muscle cells of epithelial origin, occurring in 
certain glands. 

Porta hepatis : The transverse fissure of the liver which is the gateway for entry 
and exit of blood vessels, lymph vessels, nerves and hepatic ducts. 
Hepatocytes : Polyhedral parenchymatous cells of liver. 

Kupffer’s cells : Large star-shaped or pyramidal cells along the walls of sinusoids 
of the liver, that are phagocyfic in nature. 


1.15. Composition And Functions Of Digestive Juices 


Digestion of food is carried out by five kinds of digestive juices that are secreted 
into the alimentary canal. These are (i) saliva (or salivary juice), (ii) gastric juice, 
(iii) pancreatic juice, (iv) bile (or bile juice) and (v) intestinal juice. Among these, 
the gastric and intestinal juices are secreted by the mucous membrane of the stomach 
and small intestine respectively into their lumen. Saliva, pancreatic juice and bile are 
secreted by the three accessory digestive glands namely the salivary glands, the 
pancreas and the liver respectively. Saliva is poured into the mouth cavity whereas 
the pancreatic juice and bile are jointly drained into the duodenum. The enzymes and 
some other constituents present in these juices carry out the digestion of food. 
However, the digestive juices take part in some other functions as well. 


1.15.1. SALIVA 


@ Composition of Saliva : 

Saliva is a colourless, viscous and opalescent fluid, neutral or slightly acidic in 
reaction. It is composed mainly of water (about 99.5%) in which some solids remain 
dissolved, Minute quantities of gases like CO,, O, and N, also remain dissolved in 
saliva. The solids present in saliva are of two classes— inorganic and organic. The 
chief inorganic constituents of saliva include chloride, bicarbonate, sulphate and 
phosphate salts of Na, K, Mg and Ca. In addition, traces of thiocyanate salts and 
heavy metals like Hg and Pb are also present in saliva as excretory matters. The 
organic constituents of saliva are nitrogenous compounds and are of two types— 
proteins and non-proteins. The proteins of saliva are again of two types— enzymes 
and non-enzymes. The chief enzyme of saliva is ptyalin or salivary amylase which 
hydrolyzes starch and other polysaccharides. Ptyalin acts in neutral or slightly acidic 
medium. Saliva may also contain traces of maltase (maltose spliting enzyme) and 
some non-digestive enzymes e.g., lysozyme, kallikrein, carbonic anhydrase, 
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phosphatase erc, The non-enzyme proteins of saliva include mainly mucin’ which 
renders the saliva viscous, and traces of albumin, globulin erc. The non-protein 
nitrogenous (NPN) compounds ¢.g., urea, uric acid, creatinine, ammonia erc., are 
also present in saliva as excretory matters. The Composition of saliva is shown below 
schematically. 


Saliva 


Water (99.5%) Solids (0.5%) 


Inorganic Organic 02 
(Nitrogenous 
compounds) 
Cl, HCO, SOs Heavy metals 
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Ca etc. (Excretory matters) 


Proteins Non-protein 


| nitrogenous waste 
products, 
| Enzymes Non-enzymes Urea 
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® Functions of Saliva : 

Ii] Digestion : The chief digestive enzyme of saliva is ptyalin which hydrolyzes 
the polysaccharides like starch, glycogen and dextrin (but noticellulose). Hence, saliva 
isconsidered as a carbohydrate splitting juice (for details see digestion of carbohydrates). 

_ [2] Moistening and lubrication : Water and mucin of saliva help in moistening 

and lubrication of food, thereby faciliting mastication (or chewing) and deglutition 
(or swallowing). Saliva keeps the mouth moist and lubricated for a comfortable sensation 
and helps in speech. 

[3] Taste sensation: Saliva helps in taste sensation by dissolving the taste evoking 
Constituents of food so that they may act on the taste buds. 
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{4} Oral hygiene: Saliva continuously washes and cleanses the mouth cavity (teeth, 
gums erc.) to prevent bacterial growth in it, Moreover, saliva contains lysozyme which 
is bacteriolytic in action. By virtue of the cleansing and bacteriolytic actions, the saliva 
maintains oral hygiene. For this reason, when salivary secretion is suppressed such as 
in fever ete. there occurs a foul smell in the breaths, i 


[5] Excretion : Many substances such as heavy metals (¢,g., Hg, Pb), thiocyanate 
salts, nitrogenous waste products (e. g urea, uric acid and ammonia) and drugs (e.g. 
alkaloids, antibiotics erc.) are excreted through saliva. 


lo] Heat loss: Evaporation of saliva takes away some heat (latent heat of evaporation) 
from the body to cool it, This function is especially important for non-sweating animals 
like dog, sheep etc. During hot climate these animals show profuse salivation which 
facilitates heat loss from their body for thermoregulation, 


1.15.2. GASTRIC JUICE 


© Composition of Gastric juice : 

Gastric juice is highly acidic and watery. It contains about 99.4% water and the 
remaining portion includes inorganic and organic solids. The most important inorganic 
constituent of gastric juice is HCI (which makes the juice strongly acidic) because the 
enzymes of this juice act best in acidic medium. The HCI acid is secreted from the 
oxyntic cells of the gastric mucosa. Other inorganic materials of this juice include 
some inorganic salts like Cl; PO, HCO, and SO, salts of Na, K, Ca etc., and heavy 
metals like Pb, Hg, etc. 

The organic constituents of gastric juice include the enzymes, mucin, and Castle's 
intrinsic factor (which is required for absorption of vitamin B,,). The most important 
enzyme of gastric juice is pepsin which initiates the digestion of proteins in the 
alimentary canal. It is secreted by the peptic cells (or chief cells) of gastric mucosa in 
which it remains stored as zymogen granules containing the inactive precusor of pepsin 
called pepsinogen. After being secreted in the lumen of stomach, the pepsinogen is 
activated to pepsin by HCI. 

Gastric juice contains two other enzymes, gelatinase and rennin (or chymosin). 
Gelatinase is similar to pepsin, but it acts specifically on the protein, gelatin, Rennin is 
a milk clotting enzyme. It conyerts the soluble milk protein casein into paracasein 
which combines with calcium to form the insoluble salt ‘calcium paracaseinate’ that 
precipitates down. Rennin is found in the gastric juice of cattle but not in human beings. 
Gastric juice may contain traces of fat splitting enzyme, the lipase. Gastric lipase is of 
little importance because the lipases do not remain active in the acidic medium of the 
stomach and in the absence of bile, Presence of traces of lipase in the stomach is believed 
to be due to regurgitation of duodenal contents into the stomach. Like the saliva, the 
gastric juice also contains some non-digestive enzymes such as lysozyme, urease, 
carbonic anhydrase etc., The gastric juice contains two types of mucin ; one of them is 
soluble and hence invisible while the other is insoluble and visible. The composition 
of gastric juice is shown below schematically. 
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© Functions of Gastric juice: 


[1] Digestion : Gastric juice contains proteolytic enzymes mainly ; hence it is 
considered as a protein digestive juice (for details of its action refer to digestion of 
proteins). Gastric HCI may also hydrolyze small quantities of sucrose, 

[2] Absorption and erythropoiesis : The intrinsic factor and HCI of gastric juice 
are required for the absorption of vitamin B,, and iron respectively. The vitamin Bo 
and iron in turn are required for erythropoiesis (RBC formation). 

[3] Protective action : Gastric HC] and lysozyme kill the bacteria entering into the 
stomach. The dense, jelly-like insoluble mucin secreted in gastric juice forms a thick 
layer on the inner wall of stomach and protects it from self digestion by gastric enzymes 
and the corrosive effects of HCI. 

[4] Excretion : Some heavy metals, alkaloids and toxins may be excreted through 
the gastric juice. 


1.15.3. PANCREATIC JUICE 


© Composition of Pancreatic juice: 

Pancreatic juice is alkaline in reaction because all the enzymes present in it act in 
an alkaline medium only. This juice contains 98.5% water and 1.5% solids. About 
2/3rd of the solids (i.e., 1%) is organic and 1/3rd (i.e., 0.5%) is inorganic material. The 
inorganic materials include HCO,, Cl, PO, and SO, salts of Na, K, Ca, Mg, and Zn. 
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Among these, NaHCO, is most abundant which renders the juice alkaline. The organic 
materials are mainly enzyme proteins. It contains enzymes for the digestion of all the 
three major types of food namely carbohydrates, proteins and fats. The sole carbohydrate 
splitting enzyme of this juice is amylopsin or pancreatic amylase. The pancreatic 
juice contains five proteolytic enzymes—trypsin, chymotrypsin, carboxypeptidase, 
elastase and collagenase. First four of these are secreted as their inactive precursors 
(namely trypsinogen, chymotrypsinogen, procarboxypeptidase and proelastase 
respectively) in the duodenum where they are activated by an intestinal enzyme called 
enterokinase. The enterokinase first activates a few trypsinogen molecules to form 
active trypsin which in turn activates the remaining trypsinogen molecules and other 
proenzymes. The pancreatic juice contains two nucleic acid splitting enzymes called 
DNA-ase (deoxyribonuclease) and RNA-ase (ribonuclease) that act on DNA and RNA 
respectively. Three types of lipolytic enzymes are present in this juice, namely steapsin 
or pancreatic lipase, phospholipase and cholesterol esterase. The composition of 
pancreatic juice is shown below schematically. 
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© Functions of Pancreatic juice: 

The pancreatic juice is mainly digestive in function. It takes part in the digestion of 
carbohydrates, proteins and lipids (for details see digestion of these three foodstuffs). 
The NaHCO, present in pancreatic juice neutralizes the acid of the gastric contents 
entering into the duodenum. 


1.15.4. BILE 
@ Composition of Bile : 
The juice secreted by the liver is called bile. It is secreted continuously by the 
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parenchymatous cells of the liver and is drained into the gall bladder where it is stored 
and modified. It is poured into the duodenum intermittently, only after feeding. 

Bile is a slightly alkaline juice having a golden-yellow or greenish colour and a 
bitter taste. Like other digestive juices, the major part of bile is water but the amount of 
solids present in it is higher than the other juices. Among the solids, the inorganic 
constituents include HCO,, PO, and Cl salts of Na, K etc., of which NaHCO, is highest 
in concentration that renders the juice alkaline. 

The organic constituents of bile include bile salts, bile pigments, some lipids and 
proteins. Amongst these, the bile salts are most important because majority of the 
functions of bile are served by the bile salts. In this context, it can be mentioned that 
although bile does not contain any digestive enzyme, it is considered as a digestive 
juice because the bile salts play an important role in the digestion and absorption of 
fats. Bile salts are of two kinds—sodium taurocholate and sodium glycocholate that 
are sodium salts of taurocholic acid and glycocholic acid. These two acids are known 
as bile acids. 

Other organic constituents of bile are of little functional importance as they are not 
required for digestion or absorption ; actually they-are excreted through bile. The bile 
pigments are of two kinds—bilirubin (golden-yellow) and biliverdin (green) that are 
responsible for the colouration of bile. These two pigments are produced by catabolism 
of hemoglobin of the old and dead red blood cells. The lipid materials of bile include 
cholesterol, lecithins and traces of fats and fatty acids. Bile contains some proteins 
such as mucin and traces of albumin, globulin and an enzyme, alkaline phosphatase 
(which is not digestive in function). In addition to the excretory matters e.g., bile 
pigments, cholesterol etc., some drugs may also be excreted through the bile. So, bile 
is quite reasonably considered as a ‘secretory as well as excretory’ product of the 
liver. 

Finally, it should be mentioned that the bile secreted by the liver (i.e., liver bile) and 
that stored in the gall bladder (i. e., gall bladder bile) are qualitatively similar but 
quantitatively different. During the storage of bile in the gall bladder, water and 
bicarbonates are absorbed from it and mucin is added to it, As a result, the gall bladder 
bile becomes more concentrated and viscous than the liver bile. The composition of 
bile is shown below schematically. 
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BLACK BILE AND WHITE BILE 
Black bile : If the flow of bile from gall bladder to intestine is obstructed due to 
an obstruction in the bile duct (i e., distal to the the joining of cystic duct with the 
common hepatic duct), the flow of bile from liver to gall bladder is maintained for 
some time due to absorption of water from the gall bladder. As a result of this, the 
gall bladder is ultimately filled up with a thick, deep greenish fluid called black 


bile. The black bile is thus a highly concentrated form of bile. 

White bile : If there is an obstruction in the common hepatic duct proximal to 
joining of cystic duct witht, the bile can not flow from liver to gall bladder. In such 
condition, a whitish fluid containing mucin is accumulated in gall bladder and bile 
duet; this is called white bile. White bile is not bile at all because it does not 
originate in the liver. 


o Functions of Bile : 


I] Digestion : Bile does not contain any digestive enzyme, yet it helps in the 
digestion of fat indirectly by promoting the action of pancreatic and intestinal lipases 
due to the presence of bile salts in it. The bile salts may stimulate the action of lipases 
in two ways—(i) they may activate the lipases and (ii) they emulsify the fat into small 
droplets so as to facilitate the action of lipases. 

[2] Absorption : Bile is essential for the absorption of fat. This is attributed to the 
hydrotropic action of bile salts, that means the ability of the bile salts to make the 
water insoluble products of fat digestion (¢.g., fatty acids, monoglycerides, diglycerides 
etc.) readily soluble in water and diffusible so that they can be easily absorbed. In fact, 
the bile salts combine with the fat digestion products to from minute particles called 
‘micelles’ that easily diffuse into the intestinal mucosal cells. Bile salts also help in the 
absorption of fat soluble vitamins. carotene, iron ete. 

[3] Laxative action : Bile salts stimulate peristaltic movements of intestine and 
thereby promote defecation. 

[4] Choleretic action : Bile salts are potent choleretic agents ie., they can stimulate 
the secretion of liver bile. 

[5] Prevention of gallstone formation : Bile salts help the free cholesterol of bile 
to remain in dissolved state so that it may not be deposited to form gallstones. 

[6] Excretion : Metabolic waste products such as bile pigments and cholesterol as 
well as some drugs and toxins are excreted through bile. 

[7] Acid neutralization : The bicarbonates of bile along with those of the pancreatic 
juice neutralize the HCl entering into the duodenum from the stomach. This maintains 
a suitable (slightly alkaline) pH of the intestinal contents so as to facilitate the action of 
pancreatic and intestinal enzymes. 

[8] Lubrication : The mucin of bile acts as a lubricant for smooth passage of the 
intestinal contents. 

Thus we see that, out of the eight aforesaid functions of bile, first five are carried 
out by the bile salts and the remaining three are due to the other constituents of bile. 
@ Abnormalities of bile secretion and Jaundice : 

The reticulo-endothelial cells (RE cells) of liver, spleen etc., pick up the senile 
RBCs from the circulating blood and degrade them. These (RE) cells produce bilirubin 
(bile pigment) from catabolism of hemoglobin and release it into the bloodstream from 
where it is taken up by the liver cells (hepatocytes) and excreted in bile. If due to any 
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reason, the blood level of bilirubin becomes abnormally high, the skin, eyes and mucous 
membrane show a yellowish discolouration and the urine also becomes yellowish due 
to the presence of excess bilirubin in it. This pathological condition is called jaundice 
or icterus. Etiologically (or according to the cause of the disease), jaundice may be of 
three major types : 

[1] Obstructive jaundice : Any obstruction in the biliary tract (for example, due to 
formation of stone in the bile duct or ligation of it) prevents entry of bile into the 
duodenum and leads to back flow of bilirubin into the blood. As a result of this, the 
blood level of bilirubin is raised and jaundice develops which is referred to as obstructive 
jaundice. 

[2] Hepatic jaundice : It occurs due to dysfunction of liver cells (hepatocellular 
disease) caused by toxic chemicals or infection of the liver. In such conditions, the 
liver cells fail to remove bilirubin from blood by excreting it in bile. As a result of this, 
the blood level of bilirubin is raised and jaundice develops. 

[3] Hemolytic jaundice : When there is excess destruction of RBC (or hemolysis), 
the rate of formation of bilirubin exceeds the rate of its excretion (or removal) through 
bile. This leads to a rise in the blood bilirubin level and the resulting jaundice is called 

hemolytic (or acholuric) jaundice. It is commonly séen in hemolytic disease of the new 
born (erythroblastosis fetalis), malaria, incompatible blood transfusion etc. l 

In order to distinguish between the three aforesaid types of jaundice, it Should be 
kept in mind that in addition to the bile pigments, the bile also contains the bile salts 
that are necessary for absorption of fat and fat soluble vitamins. In obstructive and 
hepatic jaundice. there is a lack of bile in the intestine and as a result the following 
additional symptoms are produced. 

(i) colour of the stool becomes pale (due to lack of bile pigment) ; (ii) much fat is 
excreted in stool (e., steatorrhoea) due to lack of bile salts ; (iii) if such diseases are 
prolonged, there occurs deficiency of vitamin-K (due to its malabsorption) and defects 

in blood clotting. Such symptoms do not occur in hemolytic jaundice because there is 
no lack of bile in the intestine and this type of jaundice is associated with anemia due to 
excessive destruction of RBC. 

In this context, it can be mentioned that if the bile duct is led outside the body with 
the help of a tube and the bile is not allowed to enter into the duodenum, symptoms like 
pale coloured stool, steatorrhoea and defective clotting develop, but in this case, jaundice 
does not occur because the blood level of bilirubin does not rise. 


Physiological jaundice : In the newborn, hemolysis is normally rapid so that 
the rate of bilirubin production is higher. Moreover, in the first few days of life, the 
rate of bilirubin excretion may also be low (due to deficiency of an enzyme 
glucoronyl transferase which makes the bilirubin soluble by converting it to 
bilirubin glucoronide). As a result of this, a transient jaundice may develop which 
is usually cured automatically. This type of jaundice is called ‘physiological 
jaundice’. 
1.15.5. INTESTINAL; JUICE 


© Composition of Intestinal juice: 
Intestinal juice or succus entericus is a mixture of the secrtions of Brunner’s glands 
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and crypts of Lieberkuhn. It is colourless or straw coloured juice, neutral or slightly 
alkaline in reaction and turbid in appearance. The turbidity is due to the presence of 
mucin and desquamated mucosal cells in it. The intestinal juice contains about 98.5% 
water and 1.5% solids. Approximately half of the solids are inorganic salts (e. g, HCO,, 
Cl and PO, salts of Na, K, Ca and Mg) and the rest are organic materials. The organic 
constituents include various enzymes (that complete the digestion of carbohydrates, 
proteins nucleoproteins and lipids), mucin and some desquamated mucous cells or 
their debris. The composition of intestinal juice including a list of the enzymes present 
in it is shown below schematically. 
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dase gense 
Isomaltase Tripeptidase Isome- 
(or Oligo-1,6- Dipeptidase 855 Nucleotidase Phospho- rase 
glucosidase) lipase 

Lactase L> Enterokinase** L Nucleosidase 

Sucrase 


© Functions of Intestinal juice: 

[1] Digestion : The chief function of the intestinal juice is digestion. It contains 
enzymes for digestion of carbohydrates, proteins, nucleoproteins and lipds and carries 
out the final phase of digestion of these materials. 

[2] Activation of enzyme : The enzyme enterokinase (also known as 
enteropeptidase) activates the trypsinogen molecules into trypsin ; hence, it was also 
called ‘enzyme of enzyme’ by Pavlov. 


previously the intestinal peptidase was thought to be a single enzyme like pepsin or trypsin and it was 
termed as erepsin ; but later it has been revealed that the so called erepsin is actually a mixture of different 


peptidases. 3 
** This enzyme is not directly concerned with hydrolysis of dietary proteins but it indirectly helps in 


protein digestion by activating the proteolytic enzyme trypsin of pancreatic juice. 
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[3] Protection : The mucin of intestinal juice protects the inner Wall of small intestine 
from self digestion 

14) Absorption: The water of intestinal juice acts as the solvent for the products of 
digestion and facilitates their absorption. The major part of absorption takes place in 
the small intestine ; hence, the water of intestinal juice is very important for absorption. 


22222 2. a as a REVISION Tt | tt tt tt | 


Ptyalin : The salivary amylase (starch splitting enzyme). 5 
Amylopsin : The pancreatic amylase. — 
Lysozyme A bacteriolytic substance present in animal tissues and fluids like saliva, 
gastric juice, tears ete. 
Castle's intrinsie factor : A constituent of gastric juice which is necessary for 
absorption of vitamin I, and thereby RBC formation. 
Chief cells of stomach : Pepsin secreting cells (or peptic cells). 
Oxyntic cells of stomach : HCI secreting cells (or parietal cells). 
Rennin (or chymosin) ; A milk clotting enzyme found in gastric juice of calves. 
Casein : The chief milk protein, 
Steapsin : The pancreatic lipase (fat splitting enzyme). 
Suecus entericus : The intestinal juice. 
Krepsin : A mixture of peptidases (aminopeptidase, tripeptidase and dipeptidase) 
found in the intestinal juice. 
Emterokinase (or Enteropeptidase) : An endopeptidase found in intestinal juice 
which activates trypsinogen to trypsin. 
Laxative ; An agent that acts mildly to promote defecation. 
+ An agent that increases the output of bile from liver. 

pn a An agent that stimulates contraction of gall bladder and evacuation 

bile from it, 
Teterus (or Jaundice) : A pathological condition characterised by a yellowish 
discolouration of the skin, eyes, mucous membrane and urine caused by rise of 
bilirubin level in blood. 


1.16. Digestion Of Food 

© Definition : Digestion is a process by which complex and insoluble food 
materials having high molecular weight are enzymatically broken down within the 
alimentary canal into simple and soluble compounds having lower molecular weight 
that are suitable for absorption, sm te 

Our food consists of six kinds of constituents: (or nutrients)—carbohydrates, 
Proteins, lipids, vitamins, minerals and water. Amongst these, the last three are 
capable of being absorbed as such ; hence, they do not require digestion, The process 
of digestion of carbohydrates, proteins and lipids are described in brief, 
1.16.1. DIGESTION OF CARBOHYDRATES 

Digestion of carbohydrates means breakdown of compound carboh res like 
polysaccharides and disaccharides into absorbable simple sugars or monotones 
by digestive juices in alimentary canal. 

Carbohydrates Constitute the major portion (60-80%) of common Indian dict. 
Our food ‘contains three’ major classes of carbohydrates such as polysaccharides, 
disaccharides and monosaccharides of which the polysaccharidés COnstitute the main 


are 
and drinks containing malt), lactose (in milk) and sucrose (io and is 
products, pineapple, sugar beet ce). The dietary monosaccharides, glucose 
and fructose that are present in ripe fruits, 

Amongst the three classes of carbohydrates, the monosaccharides are. 


molecules and soluble in water, hence they are absorbed as such and need no digest 
The 90d poly paccherides being larger larger molecules, are digested into 
U is not digested in the human alimentary canal as 


Fig. 1.48 ; The process of digestion of carbohydrates in man, 
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[1] Digestion of polysaccharides ; Digestion of starch, glycogen and dextrin is 
initiated by the enzymes called amylases present abundantly in saliva and pancreatic 


juice, Small quantities of amylase is also found in the intestinal juice, The action of 


salivary amylase or ptyalin begins in the mouth when the food is chewed and mixed 
with saliva, and it is continued in the stomach after the food bolus is swallowed, till the 
gastric contents become strongly acidic due to secretion of HCI (ptyalin acts in neutral 
and slightly acidic medium only). The pancreatic amylase or amylopsin is mixed 
with the food within the duodenum and generally hydrolyzes the remaining 
polysaccharides in the small intestine, However, if some polysaccharides still remain 
intact, they are attacked by the intestinal amylase. The pancreatic and intestinal amylases 
act in neutral or slightly alkaline medium, 

Among the three amylases, the pancreatic amylase is the most important because 
the action of salivary amylase is relatively short lasting and the intestinal amylase is 
found only in traces, The pancreatic juice of infants upto the age of 6 months, generally 
does not contain amylase. This is why starchy food is not given to infants till they attain 
the age of 6 months. 

The action of the three amylases are similar and requires the presence of chloride 
ions. These amylases are characteristic in that they are capable of hydrolyzing the 
central 1-4 glucoside bonds only. When repeatedly acted upon by the amylases, the 
starch or glycogen is broken down into gradually smaller molecules. The products 
formed earlier are larger dextrin molecules, termed as erythrodextrin (because it gives 
red colour with iodine) which is further broken down into achrodextrin (that gives no 
colour with iodine). By repetitive action of amylase, the achrodextrin is ultimately 
broken into several molecules of maltose and a few molecules of maltotriose (a 
trisaccharide of glucose) as well as isomaltose or oligo 1-6 glucoside (oligosaccharide 
of glucose containing 1-6 glucoside bond, that originates from the branched points of 
starch and glycogen). Traces of glucose may also be produced by the action of amylase 
if by chance the two 1-4 glucoside bonds present on either side of the same glucose 
unit of a starch or glycogen molecule are split simultaneously. 

[2] Digestion of di- and oligo-saccharides : The di-and oligo-saccharide splitting 
enzymes originate from and act within the small intestine. These enzymes hydrolyze 
the complex sugars into their constituent monosaccharides and complete the digestion 
of carbohydrates, It is also believed that these enzymes instead of being secreted into 
the intestinal lumen, remain within the cells of the intestinal mucosa. According to this 
concept, the disaccharides are digested intracellularly after they are absorbed by the 
mucosal cells. The monosaccharides produced within these cells are finally transported 
to the blood. 

[A] Digestion of maltose and maltotriose: Both maltose (a disaccharide) and 
maltotriose (a trisaccharide) are broken down by the enzyme maltase which acts on the 
1-4 glucoside bonds of these sugars only, to produce 2 and 3 molecules of glucose 
respectively. Maltase is an intestinal enzyme. But traces of this enzyme is also thought 
to be present in saliva because glucose is formed in traces as an end product of the 
action of saliva on starch. However, this idea is not beyond doubt because the ptyalin 
itself can liberate some glucose molecules from starch (without forming maltose as an 
intermediate) as described earlier. 
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[B] Digestion of isomaltose or oligo 1-6 glucosides ; These sugars (formed by the 
action of amylase on polysaccharides) are attacked by the enzyme isomaltase or oligo 
1-6 glucosidase which splits the 1-6 glucoside bond to liberate the glucose units, 

[C] Digestion of sucrose.: Sucrose taken in food is hydrolyzed by the intestinal 
enzyme sucrase or invertase to liberate the glucose and fructose units, The gastric 
HC! may also hydrolyze some amount of sucrose. 

[D] Digestion of lactose : Lactose of milk is broken down in small intestine by the 
enzyme lactase to produce glucose and galactose. 

The digestion of carbohydrates in the different parts of human alimentary canal is 
summarised in Table 1.6. 


Table 1.6. Summary of the digestion of carbohydrates in different parts of the 
human alimentary canal, 


Digestive Substrate Products 
juice 


Saliva Starch, Glyco- | Maltose, Malto- 
gen and Dextrin| triose, Isomaltose 
and traces of Glucose 
Maltase Glucose 
(doubtful) (2 molecules) 
Glucose 
(3 molecules) 


Gastric HCI (not an | Sucrose Glucose and 
juice enzyme) Fructose 


Pancreatic Starch, Glyco- | Maltose, 
juice gen and Dextrin| Maltotriose, 
Isomaltose and 
traces of Glucose. 


jer N 
Maltose Glucose 
4 (2 molecules) 
Glucose 
(3 molecules) 
Glucose (2 or more 
molecules) 


Part of the ali- 
mentary canal 
(site) 


Mouth (neutral 
or slightly aci- 
dic medium) 


Stomach (acidic 
medium) 


Intestinal 
juice 


Small intestine 
(neutral or 

slightly alkaline 
medium) 


Isomaltase | Isomaltose 
(oligo 1-6 | (oligo 1-6 
glucosidase)| glucloside) 


Sucrase Sucrose Glucose and 
Fructose 

Lactase Lactose Glucose and 
Galactose 


2253—57 
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1.16.2. DIGESTION OF PROTEINS 

Digestion of proteins means breakdown of dietary proteins into amino acids by 
the action of digestive juices in the alimentary canal. 

The chief proteins of our diet include albumins and globulins (found in both 
animal and plant sources e.g., egg, meat, fish, milk, pulse efc.), casein (of milk) 
glutelins and prolamins (in plant products only e.g., rice, wheat, maize etc.), and 
collagen, elastin and gelatin (in animal sources only). 

Saliva does not contain any proteolytic enzyme. Such enzymes are present in the 
gastric, pancreatic and intestinal juices. So, digestion of protein begins in the stomach 
and is completed in the small intestine. 

The proteolytic enzymes in general are called peptidases as they attack and 
hydrolyze peptide bonds. The peptidases present in the alimentary canal are of three 
classes endopeptidases, exopeptidases and tri-or di-peptidases. The process of 
digestion of proteins in the alimentary canal, indicating the origin, site of action and 
mode of action of different peptidases is shown in Fig. 1.49. 


Dietary proteins and metaproteins formed in stomach and intestine 


Pepsin & Gelatinase 
of gastric juice 
Action of 


endopeptidas k N 5 
3 Trypsin, Chymotrypsin, 


Elastase & Collagenase 
of pancreatic juice 


Small polypeptides + Aminovacids (traces) 


Carboxypeptidase of 


pancreatic juice 
Action of 


exopeptidases 
Aminopeptidase 
of intestinal juice 


Gradually smaller peptides 
and finally tri-& di-peptides 


+ Amino acids 


Tripeptidase and Dipeptidase 
of intestinal juice 


Amino acids 


Fig. 1.49 : The process of digestion of proteins in man. 


[1] Action of endopeptidases : The enzymes that hydrolyze only the central 
peptide bonds (and not the terminal ones) of the proteins or polypeptides are called 
endopeptidases. By repeated action of such enzymes, large protein molecules are 
broken into several fragments or small polypeptides, and at the same time a few 
amino acids may also be freed, if by chance the two peptide bonds on either side 
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of the same amino acid are broken simultaneously. The endopeptidases. include 
pepsin, gelatinase and rennin (or chymosin) of gastric juice, and trypsin, chymotrypsin, 
elastase and collagenase of pancreatic juice. The gastric enzymes act in the acidic 
medium of the stomach whereas the pancreatic enzymes act in neutral or alkaline 
medium of the small intestine. In the acidic medium of stomach and alkaline medium 
of small intestine, some native proteins of diet are denatured to acid metaproteins 
and alkali metaproteins respectively. Such denaturation of protein molecules involve 
uncoiling of their peptide chains and facilitates the action of endopeptidases. 

Pepsin, trypsin and chymotrypsin act on almost all proteins but they differ in their 
action in that, each of these enzymes attacks preferentially a particular type of 
peptide bond formed by specific amino acids. These three enzymes are secreted in 
the form of their inactive precursors called pepsinogen, trypsinogen and 
chymotrypsinogen respectively. Pepsinogen is activated to pepsin by HCl in stomach. 
Active pepsin molecules inturn activate the other pepsinogen molecules. Trypsinogen 
is activated to trypsin in small intestine by the enzyme enterokinase of the intestinal 
juice. Enterokinase is an endopeptidase which activates trypsinogen by splitting a 
peptide chain from it. The active trypsin molecules then activate the remaining 
trypsinogen molecules as well as other proenzyme molecules. The enzymes gelatinase, 
elastase and collagenase act preferentially on gelatin, elastin and collagen respectively. 
The elastase of pancteatic juice is secreted in its inactive form proelastase which 
is converted to its active form by trypsin. 

The gastric rennin is secreted as the inactive precursor prorennin which is activated 
by HCI in stomach. The rennin acts on the soluble milk-protein casein to form 
paracasein which combines with Ca** to be precipitated as insoluble calcium 
paracaseinate (curdling or coagulation of milk). Rennin is found in the gastric juice 
of especially the young animals (e.g., calves) that feed on milk only. However, this 
enzyme is lacking in human beings. In man, pepsin and chymotrypsin are responsible 
for clotting of milk in the alimentary canal and they act in the same way as that of 
rennin. The purpose of clotting the milk is to prolong the stay of milk protein casein 
in the stomach and small intestine to allow more time for the action of proteolytic 
enzymes on it. 

Earlier it was believed that during the breakdown of proteins by the action of 
endopeptidases, certain compounds like proteoses and peptones were formed as 
intermediate products, But these terms now seem to be meaningless because such 
compounds are simply peptides of varying lengths and cannot be distinguished by 
chemical tests. 

[2] action of exopeptidases: The enzymes that hydrolyze only the terminal 
peptide bonds of peptide chains are called exopeptidases. They are of two kinds 
carboxypeptidase and aminopeptidase that split the carboxyl (-COOH) and amino 
(-NH,) terminal peptide bonds respectively. Carboxypeptidase is present in pancreatic 
juice and aminopeptidase is present in intestinal juice. The carboxypeptidase: is 
secreted in its inactive form procarboxypeptidase which is activated by trypsin. 
Both the exopeptidases act in the neutral or slightly alkaline medium of the small 
intestine. By the joint and repeated action of the carboxy— and amino- peptidases, 
the ‘small polypeptides” (formed by the action of endopeptidases) are gradually 
shortened in length as their terminal amino acids are chopped off one by one from 
both ends. The action of these two enzymes (exopeptidases) continue till the substrate. 
peptide is reduced to a tripeptide or dipeptide. 
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[3] Action of tri- and di-peptidases : The tripeptides produced by the action of 
exopeptidases are then attacked by the tripeptidase to produce dipeptides and amino 
acids. The dipeptides are finally hydrolyzed into their constituent amino acids by the 
dipeptidase. 

From the above description it is apparent that during digestion the dietary proteins 
are acted upon at first by the endopeptidases, then by the exopeptidases and finally 
by the tri- and di-peptidases. The endopeptidases act first because they are secreted 
in the upper part of the alimentary canal. This is especially advantageous because by 
this a protein molecule is broken into several small fragments to expose greater 
number of carboxyl and amino terminals so that the action of exopeptidases is 
facilitated. The digestion of proteins in the human alimentary canal is summarized 
in Table—1.7. 

Table-1.7 : A summary of the digestion of proteins in the alimentary canal 


of man. 
Digestive 
juice Enzyme Substrate 


Part of the ali- 

HCI acid Proteins Acid metaproteins 

(not enzyme) 
Casein (milk Calcium paracasei- 

Gastric juice protein) nate (curd or 
clotted milk) 

Proteins Small polypeptides: 
Acid metapro- Amino acids 
teins (traces) 


Stomach (acidic 
medium) 


mentary canal 


(site) 
Bile+pan- Bicarbonates | Proteins Alkali metaproteins 
creatic juice | (not enzyme) 
Proteins+ Smaller peptides+ 
Trypsin Alkali metapro-} Amino acids 
teins+Small (traces) 
polypeptides 
5 F 
Chymotrypsin] Casein Calcium paracasei- 
nate 
Amino acids (traces 


Collagenase Collagen 
Carboxypep- | Smaller Amino acids + 
tidase peptides Tripeptides 
Amino pepti- 

dase 


Tripeptidase | Tripeptide Amino acid + 
Dipeptide ` 


Dipeptidase | Dipeptide Amino acids. 


Pancreatic 
juice 


Small intestine 
(neutral or sli- 
ghtly alkaline 

medium) 


Intestinal 
Juice 
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1.16.3 DIGESTION OF LIPIDS 


The process of enzymatic breakdown of dietary lipids in the alimentary canal is 
referred to as digestion of lipids. 

Lipid-rich articles of our diet include butter, ghee, vegetable oils, oilseeds, milk, 
fish, meat, egg etc. These contain lipids mainly in the form of triglycerides (or 
neutral fats) and to a smaller extent as phospholipids and cholesterol esters. The 
purpose of digestion is to hydrolyze these compounds for liberating their constituents 
e. g., glycerol, fatty acids efc., that can be easily absorbed. However, there is enough 
doubt whether all the dietary lipids are completely hydrolyzed in the alimentary 
canal. It is now believed that, probably a part of the dietary lipids is hydrolyzed 
completely and the remaining part is digested only partially before being absorbed. 
Saliva does not contain any lipolytic enzyme. The lipase present in the gastric juice, 
if any is of little importance because it cannot function in the acidic environment of 
stomach where bile salts are also lacking. The lipases are present mainly in the 
pancreatic and intestinal juices both of which act within the small intestine. So, the 
digestion of lipids begins as well as terminates in the small intestine. Although the 
bile does not contain any enzyme, the bile salts present in it help in the digestion of 
lipids in two ways. Firstly, they emulsify the lipids into small droplets so that the 
action of lipases is facilitated ; secondly, they help in the activation of lipases. The 
process of digestion of different types of lipids is summarized in Fig. 1.50. 


Dietary lipids 


or (Lecithin & Cephalin) 


Triglyceride 

Phospholipases of 
peace pancreatic and 

intestinal juices 

Fatty acd 

t Fatty acids 
1.2.-(or 2. 3-) 5 
Diglyceride Glyceryl phosphoryl choline 


or 
Glyceryl phosphoryl ethanolamine 


Patty acid Phosphatases of 
t intestinal juice 


2-Monoglycenide 


Glycerol + Phosphoric 
acid + Choline or 
Ethanol amine 


anf oneamuErd Jo Jsp.ta1se je. 


1,-(or g-) Monoglyceride 


Cholesterol 


Fatty acid + Glycerol Fatty acid, 


Fig. 1.50: The process of digestion of lipids in man. 


[1] Digestion of neutral fats: This is accomplished by the enzymes called 
lipases and esterases. These two classes of enzymes are similar in action and they 
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hydrolyze the ester bonds of glycerides ; but they differ in that the former Splits only 
the ester bonds formed by large fatty acids whereas the latter splits the ester bonds 
formed by small fatty acids. Both of these enzymes are characteristic in that they can 
hydrolyze only the terminal ester bonds of the glycerides ; that is, they. split only the 
fatty acids attached to Ist or 3rd carbon of glycerol. So, during the digestion of a 
fat (or triglyceride), when it is acted upon by a lipase or esterase. at first one of its 
terminal fatty acids is cleayed and a 1, 2-(or 2, 3-) diglyceride is produced, In the 
next step, by the subsequent action of lipase (or esterase) the other terminal fatty acid 
of the diglyceride is also freed and a 2-monoglyceride is left, The 2-monoglyceride 
cannot be hydrolyzed directly by a lipase or esterase because the fatty acid of it is 
attached to the middle (2nd) carbon of glycerol. So the 2-monoglyceride is converted 
into 1-(or 3-) monoglyceride by the action of the enzyme isomerase which shifts 
the fatty acid of the monoglyceride from the middle (2nd) carbon to either of the two 
terminal (1st or 3rd) carbons of glycerol, The resulting 1-(or 3-) monoglyceride is 
finally broken into a glycerol and a fatty acid by the lipase (or esterase). 

Due to a paucity of the enzyme isomerase in the alimentary canal, major part of 
the dietary fats are not digested completely, and most of the 2-monoglycerides are 
absorbed by the intestinal epithelium. However, some of thesed 2-monoglycerides 
may be further hydrolyzed within the intestinal epithelial cells by the intracellular 
isomerase and lipase. 

[2] Digestion of Phospholipids : Lecithins and cephalins are the chief 
phospholipids of our diet. The phospholipases present in the pancreatic and intestinal 
juices split the two fatty acids from lecithins and cephalins to produce glyceryl- 
phosphoryl-choline and glyceryl-phosphoryl-ethanolamine respectively. These are 
finally hydrolyzed by intestinal phosphatases into glycerol, phosphoric acid and 
choline or ethanolamine. 

[3] Digestion of cholesterol esters : Most of the dietary cholesterol remains in 
the form of fatty acid esters. But cholesterol is absorbed only in unesterified form. 
The enzyme cholesterol esterase present in pancreatic juice hydrolyzes the cholesterol 
esters so that the fatty acids and cholesterol are freed for absorption, 


1.16.4. DIGESTION IN DIFFERENT REGIONS OF ALIMENTARY CANAL 


The process of digestion of carbohydrates, proteins and lipids has already been 
described in detail. From this, we see that the digestion of food begins in mouth and 
ends in small intestine. Mouth, stomach and small intestine are the chief sites of 
digestion, Each of these three regions of the alimentary canal shows specific type of 
digestive activity depending upon the digestive juice(s) and enzymes available there. 
Now, the digestive processes taking place in mouth, stomach and small intestine are 
summarised below region-wise. 


1.16.4.A. DIGESTION IN MOUTH (OR ORAL DIGESTION) 


Saliva is the sole digestive Juice available in mouth. It acts in neutral or slightly 
acidic medium and takes part in digestion of carbohydrates only (mainly 
polysaccharides) as summarised in Table-1.8. The food remains in mouth for a very 
short duration (a few seconds only) before it is swallowed, During this, the food 
matters are broken mechanically into fine particles by chewing and mixed with 
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saliva. So, the oral digestion is a short-lived process. However. the digestive action 
of the salivary enzymes continue to occur for some time even after the food mixed 
with saliva has entered the stomach. 


Table 1.8. Summary of digestion of food in mouth. 


Type of food | Digestive | Enzyme 
digested juice 


Ptyalin Starch, Maltose, Malto- 

(salivary Glycogen triose, Isomaltose 

amylase) and Dextrin | and traces of 
Glucose. 


Carbohydrates | Saliva Maltase Maltose 2 molecules of 
(its presence Glucose 


is doubtful ; | Maltotriose | 3 molecules of 


may occur 


7 Glucose 
in traces) 


1.16.4.B. DIGESTION IN STOMACH (OR GASTRIC DIGESTION 


After being swallowed, the food remains in the stomach for several hours. Here 
it is acted upon by the saliva swallowed with food and the gastric juice secreted by 
the glands present in the wall of stomach. The ptyalin of saliva continues to act at 
the centre of the food bolus in stomach till the pH of gastric contents does not 
become very low (highly acidic). The gastric juice is mainly proteolytic in function 
and its chief enzymes pepsin and gelatinase hydrolyze proteins at a very low pH 
(around 2). Howevr, the HCI of gastric juice may hydrolyze some sucrose molecules. 
Although traces of lipase is found in stomach, it is of no use because this enzyme 
cannot act in acidic medium of stomach and in absence of bile salts. The process of 
gastric digestion in man is shown in Table 1.9. 


Table 1.9. Summary of digestion of food in human stomach : 


Type of food | Digestive | Enzyme 
digested juice 


Saliva Ptyalin Starch, Maltose, Maltotriose 
(swallowed | (salivary Glycogen Isomaltose and traces 
with food) | amylase) and Dextrin of Glucose. 


Carbohydrate | Gastric HCI (not an | Sucrose Glucose and 
juice enzyme) Fructose 
Casein (milk Calcium paracaseinate 
Gastric protein) (curd or clotted milk) 
Juice Nucleoproteins | Nucleic acids + 
proteins 


Proteins Acid | Small polypeptides 
metaproteins and traces of 


Amino acids. 


Protein 
and nucleo- 
protein 
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1.16.4.C. DIGESTION IN SMALL INTESTINE (OR ENTERIC DIGESTION) 


The semidigested food (acid chyme) emerging from stomach takes a few hours 
to pass through the small intestine. During its stay in the small intestine, the chyme 
is acted upon by bile, pancreatic juice and succus entericus (intestinal juice). At first, 
the acid (HCl) is neutralized and the medium is made alkaline by the bicarbonates 
present in all these three juices. The pancreatic and intestinal juices contain various 
enzymes that complete the digestion of carbohydrates (started in mouth), proteins 
(started in stomach) and lipids (started in small intestine) as shown in Table-1.10. 
The bile does not contain any digestive enzyme but it contains bile salts which 
facilitates the action of lipases by emulsifying the fat. 


Table 1.10. Summary of digestion of food in small intestine. 


Type of food Digestive | Enzyme Substrate 
digested juice 


Pancreatic | Amylopsin | Starch, Maltose, Maltotrisq 
juice (Pancreatic | Glycogen and Isomaltose and 
amylase) Dextrin traces of Glucose 


[amy a 


Maltase Glucose 
(2 molecules) 

Maltotriose Glucose 
(3 molecules) 


Isomaltase | Isomaltose Glucose (2 or more 
(or Oligo | (or Oligol-6 molecules) 
1-6 gluco- | glycosides) 


sidase) 
[ Sucrase | Sucrose J Glucose +Fructose 
Glucose+Galactose 


Bicarbona- i i 
tes (not 
enzyme) 


Proteins Alkali] Smaller peptides+ 
metaproteins+ | Amino acids 

Small polype- | (traces) 
ptides 


E ae 
Chymotry- | Casein Calcium para- 
psin 


Carbohydrate 


Intestinal 
juice 


Intestinal 
juice 


Protein 


Pancreatic 


juice caseinate 


| Blastase [Elastin eller peptides 
Collagenase Collagen 


Carboxy- Smaller Amino acids+ 
peptidase | peptides Tripeptides 
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Type of food Digestive ‘Substrate Products 
digested juice 
Aminope- 
ptidase 
Protein Intestinal | Tripeptidase}Tripeptide — acid+ 
juice arema 
Dipeptidase |Dipeptide 
8 molecules 


Pancreatic 
juice 
e 
Intestinal 
juice 


Phospho- 
lipases + 
Phospha- 
tases 


(Lecithins and | cules) Glycerol+ 
Cephalins) Phosphoric, acid+ 
Choline or 
Ethanolamine 


Pancreatic | Cholesterol [Cholesterol Cholesterol+Fatty 
juice esterase esters acid 


Pancreatic | Trypsin Nucleoproteins} Nucleic acids+ 
juice Basic proteins 
(digested like other 
proteins) 


Nucleotides 


Nucleosides + 
Inorganic PO. 
Purine or 


Pyrimidine base + 
Pentose phosphate 


Panccreatic| Nucleases Nucleic acids 
juice + or Polynu- |(Polynucleo- 
Intestinal | cleotidases_ |tides) 


juice 
Nucleo- Nucleotides 
tidases 


Nucleosi- {Nucleosides 
dases 


Nucleoprotein 


Intestinal 
juice 


betes REVISION mm mu mm mu m a 
Starch : A polysaccharide made up of glucose (ie. glucan) ; the form in which 
carbohydrate is stored in plants as reserve food 
Glycogen : A polysaccharide made up of glucose (i.e. glucan) found in animals 
(mainly in muscles and liver). 

Dextrin : A carbohydrate (smaller polysaccharide) formed during hydrolysis 
(digestion) of starch (or other polysaccharides) to sugar. 

Erythrodextrin :.A bigger dextrin molecule formed earlier during breakdown of 
starch ; gives red colour in iodine test. 
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E REVISION BE ee m 


Achrodextrin : A smaller dextrin molecules formed latter during hydrolysis of 
starch ; does not respond to iodine test. 

Cellulose : The structural form of polysaccharide in plants, found in cell wall 
and acting as a support for plant tissue. 

Maltose : The malt sugar obtained by digestion of starch ; a disaccharide made 
up of two glucose units. 

Lactose : The milk sugar ; a disaccharide made up of one molecule of glucose 
and one molecule of galactose. 

Sucrose : The cane sugar ; a disaccharide made up of one mulecule glucose and 
one molecule fructose. 

Glycoside bond : A chemical bond joining the sugar units. 

Peptide bond : A chemical bond joining a carboxyl (-COOH) group of one 
amino acid and an amino (Mi) group of another amino acid. 

Peptide : A compound made up of amino acids linked by peptide bonds. 

Ester bond : A chemical bond joining an alcohol with an organic acid, occurring 
in lipids. 

Ester : A compound made up of an alcohol and organic acid(s) linked by ester 
bonds). 

Peptidases : The peptide bond splitting enzymes. 

Exopeptidases : Peptidases attacking only the terminal peptide bonds of a peptide 
chain, 

Carboxy peptidase : An exopeptidase attacking only the carboxy terminal (or 
‘C’-terminal) peptide bond of a peptide chain. 

Amino peptidase : An exopeptidase attacking only the N-terminal (or amino 
terminal) peptide bond of a peptide chain. 


1.17. Absorption Of Food 


The process by which food materials or their digestion products are transported 
into blood or lymph vessels from the lumen of alimentary canal across its mucous 
membrane is referred to as absorption of food. 

The small intestine plays a major role in the absorption of food. Although the 
first part of the small intestine is concerned with secretion of digestive juice, whole 
of it is especially organized for absorption. Due to the vast length of small intestine 
and presence of villi in it, the surface area of its inner wall is increased considerably 
which is of great importance in absorption. The end products of carbohydrate, protein 
and lipid digestion as well as the vitamins, minerals and water are absorbed mainly 
from the small intestine. Carbohydrate and protein digestion products and water 
soluble materials are absorbed into the blood capillaries present in the villi whereas 
the fatty materials are abosrbed into the lacteal (lymphatic. vessel). 

In stomach, only a small part of the food materials is absorbed because firstly, 
here the digestion is yet to be completed (i e., absorbable materials are not available) 
and secondly, the villi are absent. However, some simpler materials which do not 
require digestion e.g., alcohol, water, salts and some drugs are absobed here. In the 
large intestine, mainly water is absorbed along with small quantities of glucose, 
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alcohol, salts and some drugs. Although much water is absorbed in the small intestine, 
yet it is not completed here because presence of an aqueous medium in the small 
intestine, is required till the digestion and absorption of other materials are completed. 
Absorption of water is completed in the large intestine where normally almost no 
digestable or absorbable material is left. As a result, the food residues or fecal 
matters are rendered dry and hard. Absorption of water in the large intestine is very 
important because it helps in conservation of water in the body and prevents 
putrefaction of undigested materials by bacteria. 


1.17.1. ABSORPTION OF CARBOHYDRATES 


The chief site of carbohydrate absorption is the small intestine. Most of the 
dietary carbohydrates are absorbed after being completely digested into 
monosaccharides. Small amounts of disaccharides may also be absorbed by the 
intestinal epithelial cells but these sugar are not allowed to enter as such into the 
bloodstream. Undigested polysaccharides are not at all absorbed in the alimentary 
canal. 

[1] Absorption of Monosaccharides: Monosaccharides absorbed in the intestine 
include mainly the hexoses like glucose, fructose and galactose (either present as 
such in food or derived from digestion of di- and poly-saccharides) and small amount 
of pentose sugar, ribose (derived from digestion of nucleic acids). Although the three 
above mentioned hexoses have same molecular weight, their absorption rates are not 
equal. Glucose is absorbed slower than galactose but faster than fructose, i.e., the 
relative rates of absorption of these sugars are galactose > glucose > fructose. 

In spite of the fact that monosaccharides are diffusible, glucose and galactose are 
absorbed by an active process which requires expenditure of metabolic energy 
(ATP) and may even occur against a gradient of concentration. For this reason, 
absorption of these sugars continues to occur even when their concentrations in the 
intestinal contents become lower than their blood concentrations. So, glucose and 
galactose present in the intestinal lumen are entirely absorbed. The process of active 
absoprtion of glucose and galactose involves certain carrier molecules present in 
the membrane of intestinal epithelial cells. With the help of the carrier, the sugar 
molecules are actively trapped and accumulated within the epithelial cells from the 
intestinal lumen leading to a considerable rise in the intracellular sugar concentration. 
Consequently the sugar molecules easily diffuse into the blood vessels. 

It has been suggested that, probably the same carrier is involved in the transport 
of glucose and galactose. Hence, during absorption, these two sugars compete with 
each other for binding with the carrier. It appears that the carrier has a greater affinity 
for galactose as a result of which galactose is absorbed faster than glucose. Sodium 
ions play an important role in the absorption of glucose. The absorption of glucose 
by intestinal cells depends on a simultaneous absorption of Na*. So, the process of 
glucose absorption is referred to as ‘sodium co-transport of glucose’ which, is 
identical to the renal reabsorption of glucose. The suggested mechanism for this 
process is explained below (Fig. 1.51). 

The carrier present in the membrane of the intestinal epithelial cells binds with 
Na* and glucose at the luminal side to form a complex which diffuses across the 
membrane and the Na* and glucose are released into the cytoplasm. The free carrier 
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diffuses back to the luminal side to repeat the process. The most important 
characteristic feature of the carrier is that, it can bind glucose only when it has 
combined with Na“ In absence of 


— Na’, the carrier loses its ability to 


bind glucose, The Na” ions are not 
allowed to accumulate within the 
cells and are actively pumped out to 
the lumen of intestine by an energy 
(ATP) driven process called sodium 
pump. This sodium pump is of great 
importance, because without it the 
absorption of glucose may stop due 
to lack of Na“ in the lumen. 
Moreover, it maintains a low 
intracellular Na“ concentration which 
Fig. 1.51 : Mechanism of active absorption inhibits binding of glucose with the 
of glucose, ! carrier at the cytoplasmic side and 
thereby prevents the backflow of glucose from the cell to the lumen. Thus we see 
that ATP is not directly required for either binding of glucose with the carrier or its 
release from the carrier. Yet the process of glucose absorption is referred to as 
‘active’ because of its dependence on the ATP linked Na- pump mechanism. 

Hormones like adrenocorticoids, thyroxine and insulin and vitamins like thiamine, 
pyridoxine, pantothenic acid erc., facilitate the absorption of glucose whereas anoxia 
and metabolic inhibitors that interfere with the supply of ATP diminish the process. 

Fructose is absorbed from the small intestine by a process of carrier mediated 
faciliated diffusion which requires a carrier but does not require ‘expenditure of 
energy. It is a passive process driven by the gradient of concentration, The pentose 
sugar ribose is also absrobed passively, by the process of simple diffusion which 
does not even require a carrier, 

[2] Absorption of Disaccharides : Smal! amount of disaccharides e. f., sucrose, 
maltose and lactose may also enter the epithelial cells by a process of diffusion. 
‘These sugars are immediately hydrolyzed within the cells by the enzymes sucrase, 
maltase and factase, The monosaccharides produced as a result of this, finally diffuse 
into the blood vessels, Disaccharides are never abasorbed into blood as such, Even 
if they are injected into the blood, they are excreted by the kidneys, 

It should be mentioned that the sugars absorbed by the intestinal epithelial cells 
may diffuse into the blood as well as the lymph, But since the amount of blood 
flowing through the small intestine is several times greater than that of lymph, most 
of the absorbed sugars enter into the blood. 


1.17.2. ABSORPTION OF PROTEINS 

Generally, absorption of proteins means absorption of amino acids because protein 
are absorbed mainly in the form of amino acids after their complete’ digestion. 
However, small amount of undigested or partly digested proteins (lei, intact proteins 
or small peptides) may also be absorbed. Absorption of proteins (or amino acids) is 
carried out by the whole small intestine but the rate of absorption in the ileum is 


— 
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much lower than duodenum and jejunum, The absorbed amino acids mainly 
into the portal blood and to a small extent into the — 

[1] Absorption of Amino acids : Absorption of amino acids is mainly 
accomplished by an active transport mechanism which may continue against a 
concentration gradient as well, l requires special carriers and expenditure of metabolic 
enrgy (ATP). This carrier mediated active transport is actually undertaken at the 
luminal border of the intestinal epithelial cells, By virtue of this, the epithelial cells 
efficiently take up amino acids from the intestinal lumen and concentrate them so 
that the intracellular concentration of amino acids becomes higher than the 
concentration of amino acids in portal blood. Consequently, the amino acids freely 
diffuse from the cells to the portal blood. wee e 

The process of carrier mediated active transport of amino acids at the luminal 
border of the epithelial cells is similar to that of glucose absorption and is also 
sodium dependent. The carriers participating in this process are protein in nature 
and are of several types, each specific for a particular class of amino acids, e.g., 
neutral, acidic, basie, heterocyclic ere. Amino acids belonging to the same class are 
transported by the same carrier and hence they compete with cach other for binding 
with the carrier, 

In addition to the active absorption, the intestinal epithelial cells may absorb 
small quantities of amino acids by the passive process of simple diffusion which is 
driven by the concentration gradient and occurs at a relatively slower rate, 

[2] Absorption of Small peptides : Small peptides produced as intermediates of 
protein digestion, being water soluble and diffusible, are also absorbed to some 
extent by the mucosal cells of small intestine, After entry into the cells, they are 
immediately hydrolyzed into amino acids by the intracellular peptidases and the 
amino acids are then passed into the portal blood. The absorption of small peptides 
are thus comparable to the absorption of disaccharides. 

[3] Absorption of Undigested proteins : Proteins are nondiffusible 
macromolecules ; yet some dietary proteins which have escaped digestion are absorbed. 
Such native proteins (undigested natural proteins) are absorbed from the small intestine 
by pinocytosis, This mechanism is particularly important in the newborn, who develop 
their immunity by absorbing the antibody proteins (globulins) present in the mother's 
milk without digesting them. In addition, certain antigenic proteins present in food 
articles may also be absorbed. It is likely that many cases of food allergy such as 
those produced after eating protein-rich food like egg, lobster ere., result from 
absorption of antigenic native proteins present in these food articles. 


1.17.3. ABSORPTION OF LIPIDS 


hydrolyzed into fatty acids and glycerol while the remaining major portion is partially 
hydrolyzed into fatty acids and monoglycerides, The glycerol being water soluble, 


together with the bile salts to form extremely small particles known as micelles. The 
micelles are water soluble molecular aggregates that can be absorbed by the epithelial 


910 A TEXT BOOK OF BIOLOGY 


cells. It is believed that as the micelles come in contact with the microvilli at the 


luminal border of the epithelial cells the fatty acids and monoglycerides are taken up 


by the cells leaving the bile salts in the lumen so that the bile salts can be reused 


in the formation of new micelles. Alternatively, the micelles may be absorbed as a 
whole by the epithelial cells but the bile salts present in it are returned back to the 
intestinal lumen for reuse. 

Within the mucosal cells the absorbed monoglycerides and fatty acids are joined 
again to form triglycerides. However, the short-chain fatty acids (containing less 
than 10 C atoms) are mostly absorbed in free form into the portal blood instead of 
being used for the intracellular triglyceride synthesis. The triglycerides synthesized 
within the cells then combine with phospholipid, cholesterol and protein to form fine 
white droplets called chylomicrons which readily enter into the lacteal. Due to the 
presence of chylomicrons, the lymph within the lacteals looks milky white during 
absorption and is called ‘chyle’. The fat absorbed in the lacteal is ultimately poured 
into the venous blood through the lymphatic system. It is notable that, due to the 
rearrangement of the fatty acids during the resynthesis of triglycerides within the 
mucosal cells, the absorbed fats are entirely different from the dietary fats. 

Absorption of fat is an active process and can occur even against a concentration 
gradient. Due to this, normally the dietary fats are entirly absorbed from the intestine 
in presence of bile salts. The events of fat absorption are summarized below 
schematically (Fig. 1.52). 


Dietary fats 


Glycerol Fatty acids Monoglycerides 


Bile salts 


ESTINAL LUMEN 


Micelles 


Fatty acids 


Monoglycerides 


(Long chain) 
Triglycerides 


Phospholipid 
Cholesterol 
| Protein 


(Short chain) 


Chylomicrons 


Portal vein Lacteal 


Fig. 1.52 : Summary of fat absorption in the small intestine. 
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1.17.4.ABSORPTION OF VITAMINS, MINERALS AND WATER 


These three constituents of food are absorbed directly, without digestion. 
© Absorption of Vitamins: 

The fat soluble vitamins A, D, E and K are absorbed together with the dietary 
fats with the help of bile salts after being incorporated into water soluble micelles. 
Carotene present in the diet (carrot etc.) as provitamin-A is also absobed in the same 
way. The absorbed carotene on being carried to the liver, is converted to vitamin A 
and stored, from where it is released in blood according to its need in the body. 

The water soluble vitamins (B-complex and C) are absorbed from the small 
intestine by diffusion. The process of absorption of Vitamin B. is relatively 
complicated and requires the presence of Castle’s intrinsic factor of gastric juice. 
Folic acid may also be absorbed from the colon because some amount of this vitamin 
is, manufactured by the bacterial flora present in the colon. 

@ Absorption of Minerals : 

As the mineral salts are soluble in water, they are absorbed with water mainly 
from the small intestine and to some extent from the large intestine. Macroelements 
like Ca, Mg, K etc., that are plentiful in our diet are absorbed relatively slowly. 
Absorption of Ca and P are related to each other. Vitamin D promotes the absorption 
of Ca and P. In addition, a fall of pH (i.e., acidic environment) and presence of 
amino acids (derived from protein digestion) in the small intestine facilitate Ca and 
P absorption. Conversely, phytic acid, oxalic acid, iron and cellulose of diet interfere 
with Ca and P absorption. Absorption of Mg is similar to that of Ca. Na is absorbed 
actively and it affects the absorption of glucose and amino acids. Absorption of 
anions like HCO-,, Cl etc., is dependent on Na* absorption. 

Iron, the chief microelement of our diet, is absorbed from stomach and small 
intestine. HCl of gastric juice is very important for iron absorption. Dietary iron is 
mainly present in ferric Fei form which is absorbed after being reduced to ferrous 
(Fe**) form. On entry into plasma. the ferrous ions are again oxidized into ferric ions 
that bind with a protein called transferrin to form a complex in which form the iron 
is transported in plasma. The excess of iron is stored in different tissues like, liver, 
spleen, bone marrow efc., in protein bound forms e.g., ferritin and hemosiderin. 
© Absorption of Water: 

Water is absorbed from small and large intestine by osmosis which is due to the 
osmotic pull created by the absorption of sodium salts and other solutes, 


1.18. Movement Of Alimentary Canal 


Different parts of the alimentary canal exhibit specific types of movements due 
to contraction and relaxation of the muscular tissue present in its wall. Movement 
of alimentary canal serves the following purposes : [1] ingestion of food and its 
mechanical breakdown into small particles ; [2] downward propulsion of food and 
its thorough mixing with different digestive juices for digestion ; [3] maintenance 
of active circulation through the gut-wall to facilitate secretion of juice and 
absorption; and finally [4] egestion of the food residues after absorption (defecation). 

Both the ends of the alimentary canal possess striated (voluntary) muscles, hence 
their movements are volitional in nature (e., controlled by desire). On the other 
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hand, the remaining major part of the alimentary canal (extending from oesophagus 
to colon) possesses only smooth (involuntary) muscles ; hence its movement is 
beyond voluntary control. The movements of different parts of alimentary canal are 
described below in brief. 


1.18.1. MOVEMENTS OF MOUTH, PHARYNX AND OESOPHAGUS 


Movements of mouth, pharynx and oesophagus aid in the act of eating (ie., 
feeding or ingestion of food). The act of feeding is divisible into three phases ~ 
intake of food by the mouth, chewing (mastication) and swallowing (deglutition). 
Mouth takes part in all the three processes while pharynx and oesophagus participate 
in swallowing only. That means, among the three parts of the alimentary canal, only 
the mouth is concerned with intake of food and chewing, while the food is swallowed 
by the joint action of mouth, pharynx and oesophagus. 

© Intake of food and mastication : As soon as the food is placed in the mouth, 
the oral aperture is closed and the food undergoes a mechanical process of grinding 
called mastication (chewing). Mastication is accomplished by rhythmic movement of 
the muscles of lower jaw, tongue and lips. Movement of lower jaw (or mandible) 
helps in grinding of food by teeth. Movements of tongue and lips help in this process 
indirectly by placing the food in between the upper and lower sets of teeth. Mastication 
serves the following purposes :—{1] It grinds the food into small particles. [2] It 
helps the food to mix with saliva for maceration and formation of a slippery bolus. 
[3] It facilitates stimulation of various receptors present in mouth for eliciting the 
pleasure of eating and also the reflexes concerned with secretion of digestive juices 
and swallowing. 

© Deglutition (or Swallowing) :The passage of food from mouth to stomach 
through oesophagus is called deglutition or swallowing. It is a complicated process 
because it involves several events that occur within a very short time. It is accomplished 
by the joint action of mouth, pharynx and oesophagus. At first, the posterior part of 
the tongue pushes the food backward into the pharynx. Then by the movements of 
pharynx, the food is passed into oesophagus avoiding its entry into trachea. While 
crossing the pharynx, the food is not allowed to enter into trachea because of the 
following three reasons :—[1] During swallowing, the larynx moves upward so that 
instead of passing over it, the food crosses it laterally. [2] The epiglottis bends 
backward to close the glottis. [3] Breathing and speech are momentarily stopped so 
that fine food particles are not sucked into the trachea. 

After entry into oesophagus, the food is propelled downward into stomach by the 
peristalsis type movement of oesophagus. In peristalsis, a wave of relaxation is 
followed by a wave of contraction as if a distended area of oesophagus containing 
the food bolus is gradually pushed forward (i. e., downward) by a contraction wave. 
The peristaltic wave proceeds through the wall of oesophagus almost obliterating its 
lumen and pushes the food into the stomach. The first two phases of the feeding act 
Le., intake of food by mouth and mastication are completely under voluntary control 
while the last phase or deglutition is partly voluntary and partly involuntary. The 
initial part of deglutition mechanism in which the food bolus is pushed backward 
from mouth to upper end of oesophagus through the pharynx, is a voluntary process. 
The remaining part of deglutition in which the food bolus moves down to stomach 
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through oesophagus is an inyoluntary process. Thus, although deglutition is initiated 
voluntarily, it is completed involuntarily. 


1.18.2. MOVEMENT OF STOMACH 


The stomach shows different kinds of movements depending on whether it is 
empty or filled with food. Empty stomach shows a special type of movement which 
was named by Cannon and Washburn (1912) as hunger contraction because it is 
responsible for the sensation of hunger. It involves two mechanisms-the entire 
musculature of stomach wall contracts simultaneously to increase the tone of stomach 
and along with this, powerful peristaltic waves pass from cardia (upper end of 
stomach) to pylorus (lower end of stomach). After emptying of stomach, as the time 
passes, the hunger contractions gradually become more and more intense. 

In the full stomach, hunger contractions are replaced by two major types of 
contractions : 

[1] Tonic Contractions : In this, the entire stomach contracts slowly and 
simultaneously to increase its pressure and tone. Due to this, the food is kneaded and 
thoroughly mixed with gastric juice. 

[2] Peristalsis : In this type of movement, waves of contraction originating from 
fundus or body move toward the pylorus. Such movements occur rhythmically at 
regular intervals. With the progress of digestion, the peristaltic waves become deep 
and their duration increases. These waves propel the chyme into the pylorus. 

© Emptying of stomach: It is controlled primarily by the opening and closing 
of pyloric sphincter. When the stomach is empty (in fasting condition), the pyloric 
sphincter remains open (relaxed). As soon as food enters into the stomach, the 
sphincter closes (contracts). Then it opens at intervals to allow the gastric contents 
to pass into duodenum in phases. The time of opening depends on the nature of food. 
After intake of a liquid food or water, the sphincter opens immediately and the 
stomach is emptied very soon. But in case of a solid (or mixed) food,, the sphincter 
opens after half an hour on an average. The mechanism of opening and closing of 
pyloric sphincter for a phasic emptying of stomach is very complicated and is 
controlled by several factors such as II] quality and consistency of food, [2] stage 
of digestion, [3] movements of stomach for raising the ‘intragastric pressure, [4] pH 
and osmotic pressure of the gastric contents etc. For example—a liquid food is 
emptied earlier than a solid food ; carbohydrate and protein foods are more easily 
emptied than fatty foods ; increase of acidity (low pH) and osmotic pressure of 
gastric contents open the sphincter but presence of acid in duodenum closes it. After 


1 } 
a normal mixed diet, the stomach is emptied completely in about S hours ; while 


1 
after a rich fatty meal, gastric emptying is completed in about Sai hours. 


© Vomiting (Emesis) : Vomiting or emesis means forcible ejection of contents 
of stomach through the mouth. It is a reflex process which may be elicited by 
excessive distention, compression or irritation of different parts of alimentary canal, 
bile ducts and other visceral organs (e.g., heart, kidney, uterus, semicircular canals 
etc.). It helps to relieve the stomach. The act of vomiting involvers several mechanisms 
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(or events). At first there is nausea (or feeling of tendency to vomit). Then glottis 
and nasopharynx are closed to prevent entry of vomited material into trachea and 
nose. Oesophagus, cardiac sphincter and body of stomach relax and the pylorus 
contracts. Finally, the gastric contents are forcibly expelled through oesophagus and 
mouth by a sharp rise of intra-abdominal pressure caused by sudden and simultaneous 
contraction of abdominal muscles, expiratory muscles and diaphragm. Antiperistalsis 
of stomach and oesophagus may help in ejection of gastric contents during vomiting 
but it is not essential. Thus, the chief motive force for vomiting is provided by the 
voluntary skeletal muscles outside the alimentary cannal. 


1.18.3. MOVEMENTS OF SMALL INTESTINE 


Two major types of movements observed in small intestine are segmentation and 
peristalsis which may occur simultaneously : 

[1] Segmentation: Such movements occur separately in individual portions of 
the small intestine. For this, a portion of intestine is at first divided into some 
segments due to the rings of constrictions (caused by contraction of circular muscles) 
appearing at regular space-intervals. Then after a few seconds, the contracted muscles 
(present in the constricted region) relax and those present in the maximally distended 
regions (i.e. at the middle of the segments) contract. As a result of this, some new 
segments are formed by joining the halves of the adjacent segments. Again the 
contracted muscles (constricted regions) relax and the maximally distended regions 
contract and this is repeated rhythmically at regular time intervals. Circular muscles 
of the intestine are responsible for this type of movements. Such movements are also 
called rhythmic segmentation or Ludwig’s pendular movement. Segmentation 
movement does not propel the food. Its functions are—[A] to facilitate digestion by 
mixing the food with the digestive juices available in the intestine ; [B] to facilitate 
absorption by constantly renewing the contact between intestinal mucosa and intestinal 
contents ; [C] to improve intestinal circulation. 


Fig. 1.53 : Movements of small intestine. A-Segmentation ; B-Peristalsis. 


[2] Peristalsis : Like the oesophagus and stomach, the small intestine also shows 
peristaltic movements. Peristalsis is a composite wave in which a wave of relaxation 
is followed by a wave of contraction. It is a propagatory movement travelling 

‘downward (i. e., in aboral direction). It is caused by local reflex of smooth muscles 
and nerve plexuses present in the gut wall. In this reflex, when a part of intestine 
is stimulated due to distension by food, its upper (oral) side contracts and the lower 
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(aboral) side relaxes. This reflex is repeated and the food is propelled downward. 
This is also referred to’ as Starling’s law of intestine’ or myenteric reflex. Usually 
the peristaltic waves originate here and there in the small intestine and pass upto 
varying distances depending on the intensity of the stimulus. Sometimes, a peristaltic 
wave may be strong enough to traverse the entire length of small intestine very 
quickly ; this, is called peristaltic rush (or rush wave). 

Antiperistalsis : It is a special type of peristalsis which propagates in oral (i. e. 
opposite) direction. The purpose of this is to prevent a rapid downward passage of 
the intestinal contents so that the food may be properly digested and absorbed, In the 
small intestine, antiperistalsis is seen in the duodenum and the last part of ileum, The 
duodenal antiperistalsis may cause regurgitation of chyme from duodenum to stomach 
so as to delay gastric emptying and passage of acid chyme through the duodenum. 
In the lower part of ileum, the antiperistalsis slows entry of ileal contents into, larg 
intestine to give more scope of absorption of digestion products. i 

@ Movements of villi : The villi of small intestine exhibit two special types of 
movements of their own. 

[1] Side to side undulatory movement: It is caused by bending of villi in any 
direction to bring them in contact with different portions of the intestinal contents 
for better absorption. 

[2] Pumping movement : It is caused by alternate squeezing and distension of 
the villi. It facilitates absorption by increasing the flow of blood and lymph through 
the villi. 


1.18.4. MOVEMENTS OF LARGE INTESTINE 


Four major types of movements are seen in large intestine. 

[1] Segmentation movements : These are similar to the rhythmic segmentation 
movements occurring in small intestine. It causes agitation of the colonic contents 
to facilitate absorption of water. 

[2] Peristalsis : It is also same as that in small intestine. In the discending colon, 
the power of peristalsis is greater because it has to propel dry and hard fecal matters. 

[3] Antiperistalsis : Such peristaltic waves originate in the transverse colon and 
move back towards the ‘ascending colon (ie,, in the opposite direction). Due to 
alternate peristalsis and antiperistalsis in the colon, the food residues are retained 
here for 7—8 hours to complete the absorption of water. * 

[4] Mass peristalsis : It is very powerful propulsive movement involving 
simultaneous contraction of large segments of colon. Such movements are repeated 
several times to empty the dry and hard colonic contents into the rectum which gives 
tise to the desire for defecation and also helps in defecation. 
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Micelles : Very small water soluble particles formed in the intestinal lumen by 
molecular aggregation of fatty acids, monoglycerides and bile ‘salts during 
absorption of lipids. 

Chylomicrons : Minute particles consisting of triglycerides, phospholipids, 
cholesterol and protein, found in lacteals and blood plasma after intestinal 
digestion of fatty meal. 
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Chyle : The product of intestinal digestion absorbed into the lacteals which looks 
milky white due to the presence of chylomicrons in it. 

Transferrin : A serum protein (globulin) that binds and transports iron. 
Ferritin : An iron protein complex which is one of the forms in which iron is 
stored in tissues. 

Hemosiderin : An insoluble form of storage iron which is visible macroscopically. 
Mastication : The act of chewing food. 

Deglutition : The act of swallowing. 

Hunger contractions : Contractions of empty stomach which gives rise to the 
sensation of hunger. 

Emesis : The acts of vomiting. 

Peristalsis : A wave like propulsive movement observed in the G.I. tract in which 
a wave of relaxation is followed by a wave of contraction in aboral direction. 
Antiperistalsis : A peristaltic wave in oral direction observed mainly in small 
and large intestine. 

Segmentation : A mixing movement caused by circular muscles ; observed in 
small and large intestine. 

Peristaltic rush (or Rush wave) : A peristaltic wave traversing the entire length 
of small intestine very quickly. 

Mass peristalsis : Very powerful peristaltic movement involving simultaneous 
contraction of large segments of colon, 


Section—D : CLINICAL CONDITIONS OF G-I 
SYSTEM 


1.19. Scurvy 


Definition: The disease due to vitamin C (ascorbic acid) deficiency in the body 
is known. as scurvy. 

Cause: Earlier it was prevalent in sailors on long sea voyages and in parts of the 
world during war and famine when fresh foods were not available. But nowadays, 
it ĩs not very common because of the abundance of vitamin C in a variety of fruits 
and vegetables and development of techniques for storing these foods. However, it 
is sometimes encountered as a conditioned. deficiency particularly among elderly 
prsons living alone and alcoholics who often have erratic and inadequate eating 
patterns. The disease may also occur in infants ho are maintained on processed 
milk without supplementation of vitamin C. 

Symptoms: The clinical features (symptoms) of scurvy are as follows: 

[1] Hemorrhagic diathesis or tendency to bleeding after minimum trauma due 
to deficiency of intercellular cement which holds together the cells of capillary wall; 
there is often hemorrhage in skin, mucous membrane, gums, muscles, joints etc. 
[2] Skeletal defects caused by deranged formation of osteoid matrix: the condition 
is worsened by bleeding in joint spaces.[3] Lesion in teeth and gums e.g., impaired 
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dentin formation, swollen and spongy gums with frequent bleeding and infections. 
[4] Delayed wound healing due to deranged collagen formation. [5] Anaemia due 
to hemorrhage and decrease in iron absorption. [6] Skin rash. 


1.20. Peptic And Gastric Ulcers 


® Definition : Peptic ulcers are areas of degeneration and necrosis of the 
gastrointestinal mucosa exposed to HCI acid and pepsin. Depending on the site of 
occurrence, peptic ulcers are commonly of two types— duodenal ulcers (in the first 
part of duodenum) and gastric ulcers (near lesser curvature and antrum of stomach). 
Duodenal ulcers are four times more common than gastric ulcers. Peptic ulcers may 
be of acute (short lasting with severe symptoms) or chronic (long lasting) types. 
Acute ulcers are usually seen in stomach and are caused by stresses of various kinds; 
so they are also called stress ulcers. Chronic ulcers may occur in both stomach and 
duodenum. 

@ Cause : The immediate cause of peptic and gastric ulcers is depletion and 
derangement of the normal protective mucus ‘barrier’ so that the mucosal lining is 
attacked and digested by acid pepsin secretions. Thus, any factor which impairs the 
mucus barrier or increases gastric secretion may cause peptic ulcer. Such factors 
include II] Infection of bacteria (e. g. Helicobacter pylori). [2] Physiological stress 
(e.g., shock, severe trauma or burns, intracranial lesions etc.) or psychological stress 
(e.g. anxiety, mental tension, fatigue etc.). [3] Repeated intake of drugs like aspirin, 
nonsteroidal anti-inflammatory agents, steroids). [4] Excessive consumption of local 
irritants like spicy food, alcohol tea, coffee etc., and cigarette smoking. [5] Fasting. 
[6] Excess secretion of hormones like gastrin, parathormone, adrenal corticoids etc. 
[7] Gastritis. 

© Clinical features and complications: In peptic and gastric ulcers, there is a 
breach in the mucosa’ which extends into the submucosa or deeper layers. The 
clinical features and complications of peptic or gastric ulcers are—[1] Epigastric 
(upper abdominal) pain (gnawing, burning or boring pain); the pain usually tends 
to be worse in empty stomach (in late night or 2-3 hours after meal) and is relieved 
by food or alkalis. [2] Nauséa, vomiting, bloating (distended by gas) and belching 
leading to loss of appetite and weight loss. [3] Bleeding in ulceratated area resulting 
in presence of occult blood in stool and malaena (dark coloured blood mixed vomits). 
[4] Perforation and peritonitis (in rare chronic cases). [5] Obstruction of pyloric 
canal due to development of fibrous scar and stenosis (contraction) in pylorus (in 
cases of healed ulcers). [6] In very rare cases, a gastric ulcer may transform into 
carcinoma. 


1.21. Gastritis 


Gastritis is defined as inflammation of the gastric mucosa. The term gastritis is 
commonly used for any clinical condition with upper abdominal discomfort like 
indigestion or dyspepsia in which the specific clinical signs and radiological 
abnormalities are absent. Inflammation means local vascular dilatation causing red 
colouration and warmth at the place of injury. Gastritis may be of two main types 
acute and chronic. Gastritis is intimately related with peptic ulcer and the causative 
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factors of the two diseases are more or less same e.g., Viral or bacterial infections, 
local ‘irritants, intake of certain drugs and chemicals, stress, trauma erc. Besides 
these, autoantibodies to gastric parietal cells also produce gastritis. The features of 
the disease are—mucosal atrophy or metaplasia (replacement by other cell types), 
erosion of superficial mucosal lining, bleeding in mucosa etc. 


1.22. Cirrhosis Of Liver 


© Definition + Cirrhosis of liver is A fatal disease in which there is interstitial 
inflammation of liver causing necrosis of liver cells followed by fibrosis leading to 
loss of liver function. 

It is a diffuse disease’ involving the entire liver in which the normal lobular 
architecture of hepatic’ parenchyma is disorganized due to necrosis (death) of the 
cells followed by formation of nodules separated by irregular bands of fibrosis. 
© Cause: Cirrhosis of liver may develop due to a variety of causes based on which 
the disease is often classified into different types. The major causes are 
i] Alcoholism, [2] Attack of viral hepatitis, [3] Poisoning with hepatotoxic chemicals, 
[4] Cholestasis (retention of bilé due to obstruction of biliary passages) and 
[5] Haemochromatosis (excessive accumulation of iron in the cells of liver and some 
other organs), Among these alcoholism is the most common cause of liver cirrhosis 
which is responsible for early death of alcoholics, The disease may also occur in 
some rare cases such as—{1] Hereditary disorders e.g., Wilson’s disease (excess 
accumulation of copper in liver cells), , antitrypsin deficiency, galactosemia and 
glycogen storage disease, [2] Right sided congestive heart failure, [3] Infectious 
diseases (eig., syphilis) etc. 
© Clinical features and complications: In early stage, the disease shows some 
non-specific features such as weakness, fatigue, nausea, vomiting, upper abdominal 
discomfort, anorexia, loss of weight, muscle wasting and low fever. With progress 
of the disease, several complications arise. These are II] Jaudice and progressive 
hepatic failure, [2] Ascites (accumulation of fluid in peritoneal cavity), [3] Steatorrhoea 
(fatty stool), IA] Gall stones, IS] Infections, [6] Circulatory changes e.g., portal 
hypertension (rise of pressure in hepatic portal vein) with splenomegaly (enlarged 
spleen) and spider telanglectasia (network of dilated blood vessels in skin), 
[7] Haemorthagic tendency and anaemia, [8] Endocrine and reproductive disorders, 
[9] Encephalopathy (disorder of brain and mental functions), [10] Liver cancer, and 
(11) Renal failure. As a result of so many complications, finally death ensues, 


1.23. Colon Cancer 


Definition: An abnormal mass of tissue with uncontrolled excessive growth is 
called neoplasm or tumor. A tumor may be benign (which is innocent and remains 
localized) or malignant (which can invade and destroy adjoining tissues and spread 
to distant sites to cause death). A malignant tumor is called cancer and spread of 
cancer to distant sites is called metastasis, Colon cancers are adenocarcinomas (i. e., 
malignant tumors of the glandular epithelium) of colon. It is more commonly seen 
in aged persons (at the age of 60-70 years). The incidence of colon cancer is greater 
in developed countries and affluent societies due to their dietary practices (mentioned 
below). 
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Cause: The major causes (or risk factors) of colon cancer are as follows } 
[1] Dietary factors e.g., (i) low content of vegetable fibres, (ii) high content of 
refined carbohydrates and animal fat and (iii) low intake of vitamins A, C and E (all 
these factors facilitate formation of carcinogens by the bacterial flora of the colon). 
[2] Pre-existing benign adenoma (glandular tumor) of colon or longstanding, 
bowel diseases like ulcerative colitis (these may be transformed into malignant tumors). 
[3] Genetic factors (inheritance of mutated genes are responsible for familial 
colon cancer). 
© Clinical features: The clinical features (symptoms) of colon cancer appear much, 
later, These are—{1] Occult bleeding, [2] Change in bowel habit, [3] Pain or discomfort 
in lower abdomen, IA] Weight loss (cachexia), [5] Loss of appetite, [6] Weakness and 
fatigue, [7] Iron deficiency anaemia, [8] Obstruction, haemorrhage and perforation 
of colon, (these are complications of advanced stage). Colon cancer usually spreads 
directly in the bowel wall as well as by metastasis through lymphatics and blood 
vessels to afect other organs like lymph nodes, liver, lungs, bones etc., 


1.24. Starvation Or Fasting 


© Definition : Fasting means abstinence from food intake for a period of time, 
especially as q religious duty. Starvation is a state of overall deprivation of nutrients 
due to prolonged lack of food ultimately leading to death, 

© Metabolic changes: The body must maintain a supply of energy for survival, 
which normally comes from food. During starvation, as there is no food intake, the 
energy reserves of the body gradually get used up by catabolism until death results. 
The glucose stores of the body can maintain the energy supply for only one day. The 
first reserve food to be used is the carbohydrate glycogen stored in liver and muscles, 
This can supply energy for only a couple of days. The liver glycogen is converted 
to glucose through glycogenolysis to maintain the blood sugar level so that other 
tissues (e. g, brain etc.) can utilize the glucose. Then the fat stored in adipose tissues 
(beneath the skin and on muscles and visceral organs) and the tissue proteins are 
used up, which can supply energy for about 2 months in an average person. 

Fat of adipose tissues is broken down to release fatty acids which are converted 
to ketone bodies in liver. The ketone bodies are released from liver and used up by 
most other organs instead of glucose, For about the first week of starvation, the 
muscle protein is also used as a source of energy. It is broken down to amino acids 
which are converted to glucose by neoglucogenesis in liver for maintaining supply 
of glucose to other tissues. After about one week of starvation, the use of protein is 
decreased until the fat is exhausted. The renewed use of protein represents the final 
phase of starvation before death. During this, there is severe muscle wasting and 
atrophy of internal organs. In an average person, complete starvation leads to death 
in 40-60 days when the fat stores are exhausted and about half of the body 's proteins 
are used up. 

@ Symptoms : The symptoms (or clinical features) of starvation are [1] Hunger, 
weakness and fatigue. [2] Low blood sugar level (hypoglycemia), [3] Increase in 
urinary nitrogen i.e., negative nitrogen balance (due to neoglucogenesis from protein). 
[4] Ketosis (le., ketonemia, ketonuria and smell of acetone in breath). 
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factors of the two diseases are more or less same e.g., Viral or bacterial infections, 
local irritants, intake of certain drugs and chemicals, stress, trauma erc. Besides 
these, autoantibodies to gastric parietal cells also produce gastritis. The features of 
the disease are—mucosal atrophy or metaplasia (replacement by other cell types), 
erosion of superficial mucosal lining, bleeding in mucosa etc. 


1.22. Cirrhosis Of Liver 


Definition: Cirrhosis’ of liver is a fatal disease in which there is interstitial 
inflammation of liver causing necrosis of liver cells followed by fibrosis leading to 
loss of liver function. 

It is a diffuse disease’ involving the entire liver in which the normal lobular 
architecture of hepatic parenchyma is disorganized due to necrosis (death) of the 
cells followed by formation of nodules separated by irregular bands of fibrosis. 
Cause: Cirrhosis of liver may develop due to a variety of causes based on which 
the disease is often classified into different types. The major causes are— 
[1] Alcoholism, [2] Attack of viral hepatitis, [3] Poisoning with hepatotoxic chemicals, 
[4] Cholestasis (retention of bile due to obstruction of biliary passages) and 
[5] Haemochromatosis (excessive accumulation of iron in the cells of liver and some 
other organs), Among these alcoholism is the most common cause of liver cirrhosis 
which is responsible for early death of alcoholics. The disease may also occur in 
some rare cases such as II] Hereditary disorders e. g., Wilson's disease (excess 
accumulation of copper in liver cells), , antitrypsin deficiency, galactosemia and 
glycogen storage disease, [2] Right sided congestive heart failure, [3] Infectious 
diseases (e. g., syphilis) etc. 
© Clinical features and complications: In early stage, the disease shows some 
non-specific features such as weakness, fatigue, nausea,, vomiting, upper abdominal 
discomfort, anorexia, loss of weight, muscle wasting and low fever. With progress 
of the disease, several complications arise. These are II] Jaudice and progressive 
hepatic failure, [2] Ascites (accumulation of fluid in peritoneal cavity), [3] Steatorrhoea 
(fatty stool), [4] Gall stones, [5] Infections, [6] Circulatory changes e.g., portal 
hypertension (rise of pressure in hepatic portal vein) with splenomegaly (enlarged 
spleen) and spider telanglectasia (network of dilated blood vessels in skin), 
[7] Haemorthagic tendency and anaemia, [8] Endocrine and reproductive disorders, 
[9] Encephalopathy (disorder of brain and mental functions), [10] Liver cancer, and 
[11] Renal failure. As a result of so many complications, finally death ensues. 


1.23. Colon Cancer 


© Definition: An abnormal mass of tissue with uncontrolled excessive growth is 
called neoplasm or tumor. A tumor may be benign (which is innocent and remains 
localized) or malignant (which can invade and destroy adjoining tissues and spread 
to distant sites to cause death). A malignant tumor is called cancer and spread of 
cancer to distant sites is called metastasis. Colon cancers are adenocarcinomas (i. e., 
malignant tumors of the glandular epithelium) of colon. It is more commonly seen 
in aged persons (at the age of 60-70 years). The incidence of colon cancer is greater 
in developed countries and affluent societies due to their dietary practices (mentioned 
below). 


CONSERVATION OF MATTER AND ENERGY IN THE HUMAN SYSTEM 919 


@ Cause: The major causes (or risk factors) of colon cancer are as follows : 
[1] Dietary factors e.g., (i) low content of vegetable fibres, (ii) high content of 
refined carbohydrates and animal fat and (iii) low intake of vitamins A, C and E (all 
these factors facilitate formation of carcinogens by the bacterial flora of the colon). 
[2] Pre-existing benign adenoma (glandular tumor) of colon or longstanding, 
bowel diseases like ulcerative colitis (these may be transformed into malignant tumors). 
[3] Genetic factors (inheritance of mutated genes are responsible for familial 
colon cancer). 
© Clinical features: The clinical features (symptoms) of colon cancer appear much, 
later, These are II] Occult bleeding, [2] Change in bowel habit, [3] Pain or discomfort 
in lower abdomen, [4] Weight loss (cachexia), [5] Loss of appetite, [6] Weakness and 
fatigue, [7] Iron deficiency anaemia, [8] Obstruction, haemorrhage and perforation 
of colon (these are complications of advanced stage). Colon cancer usually spreads 
directly in the bowel wall as well as by metastasis through lymphatics and blood 
vessels to afect other organs like lymph nodes, liver, lungs, bones etc. 


1.24. Starvation Or Fasting 


© Definition : Fasting means abstinence from food intake fora period. of time, 
especially as a religious duty. Starvation is a state of overall deprivation of nutrients 
due to prolonged lack of food ultimately leading to death. 

© Metabolic changes: The body must maintain a supply of energy for survival, 
which normally comes from food. During starvation, as there is no food intake, the 
energy reserves of the body gradually get used up by catabolism until death results. 
The glucose stores of the body can maintain the energy supply for only one day. The 
first reserve food to be used is the carbohydrate glycogen stored in liver and muscles. 
This can supply energy for only a couple of days. The liver glycogen is converted 
to glucose through glycogenolysis to maintain the blood sugar level so that other 
tissues (e. g, brain etc.) can utilize the glucose. Then the fat stored in adipose tissues 
(beneath the skin and on muscles and visceral organs) and the tissue proteins are 
used up, which can supply energy for about 2 months in an average person. 

Fat of adipose tissues is broken down to release fatty acids which are converted 
to Ketone bodies in liver. The ketone bodies are released from liver and used up by 
most other organs instead of glucose. For about the first week of starvation, the 
muscle protein is also used as a source of energy. It is broken down to amino acids 
which are converted to glucose by neoglucogenesis in liver for maintaining ‘supply 
of glucose to other tissues. After about one week of starvation; the use of protein is 
decreased until the fat is exhausted. The renewed use of protein represents the final 
phase of starvation before death. During this, there is severe muscle wasting and 
atrophy of internal organs. In an average person, complete starvation leads to death 
in 40-60 days when the fat stores are exhausted and about half of the body’s proteins 
are used up. 

@ Symptoms : The symptoms (or clinical features) of starvation are [1] Hunger, 
weakness and fatigue. [2] Low blood sugar level (hypoglycemia), [3] Increase in 
urinary nitrogen i.e., negative nitrogen balance (due to neoglucogenesis from protein). 
[4] Ketosis (i.e., ketonemia, ketonuria and smell of acetone in breath). 
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[5] Emaciation (due to wasting of muscles and internal organs). [6] Dry, wrinkled 
skin (due to depletion of subcutaneous fat). 


1.25. Obesity 


Definition: Obesity is d condition in which a person is overweight due to 
deposition of excess fat in the body. A person is said to be obese when the body 
weight exceeds by 20% in respect of the ideal weight for the age, sex and height of 
the individual. 
Cause: Obesity results when calorie intake exceeds utilization because the extra 
calorie is stored as fat in adipose tissues. The commonest cause of obesity is overeating 
i.e., consumption of food in excess of requirements. Overeating may result from 
disorder of hypothalamic satiety centre leading to persistent hunger, continued 
unhappiness and mental tensions, availability of palatable food ete. Regular intake 
of even very small excess of calories may lead to a large accumulation of fat. Apart 
from the quantity of food, the nature of food (e. g., high calorie foods like carbohydrates 
and fats) is an important factor for obesity. Regular consumption of alcohol also 
causes obesity because alcohol is rich in calories. Obesity is rare in persons doing 
hard physical work and it is common in those who lead a sedentary life with little 
physical activity. The incidence of obesity is greater in affluent societies as they do 
less physical work and consume excess high calorie foods. Obesity can occur at any 
age and in either sex. However, it is more common in females as they do less 
physical work ; the female sex hormone estrogen may have some role in development 
of obesity particularly during puberty and pregnancy. In some cases, obesity may be 
hereditary, but an individual of obese family will not become obese unless he or she 
consumes excess calories. Obesity may also be produced in some endocrine disorders 
like hypothyoidism, hypopituitarism and Cushings syndrome or in cases of prolonged 
steroid therapy. 
@ Hazards and complications: Obesity leads to several untoward effects and 
complications. These are: [1] Psychological problems due to unsmart and unattractive 
appearance. [2] Physical disabilities due to overload of the body e.g., osteoarthritis, 
flat foot, restricted movements, proneness to accidents etc. [3] Cardiovascular 
disorders e.g., atherosclerosis, hypertension, coronary attacks etc. [4] Metabolic 
disorders ¢.g., diabetes mellitus, [5] Gall stones, [6] Cancer of breast and uterus. 
All these complications reduce life expectancy in obese persons. So, it is quite 
Justified to say ‘longer the belt, shorter the life. 
Remedy and prevention: Since obesity is caused primarily by excess calorie 
intake and low. physical activity, the main principles involved in its treatment are— 
[1] reducing calorie intake (by avoiding carbohydrate and fat rich foods) and [2] 
increasing physical activity (by jogging, walking, free hand exercise ef). Both of 
these result in utilization of fat stored in the body to meet the calorie requirements. 
For prevention of obesity, force feeding of babies by their mothers, frequent eating 
of high calorie foods (e. g., fried foods, nuts, sweets, icecreams, chocolates etc.) are 
to be avoided. The body weight should be maintained at normal level by adjusting 
food intake (diet control) and physical exercise. 

Recently some surgical procedures and treatment with thyroxine or certain other 
slimming drugs are used to reduce body fat. But these should be done only under 
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proper medical advice, otherwise they may lead to serious untoward side effects. 


1.26. A Few Comparisons 


1.26.1. 


COMPARISON OF SOME SALIENT FEATURES OF 


CARBOHYDRATES, PROTEINS AND LIPIDS 


Carbohydrates 


[1] Composition: 

(a) Composed of C, 

H and O. 

(b) H and O generally 
remain in the ratio 2 :1. 


[2] Storage: 

Stored in plants as 
starch and in animals 
as glycogen. 


[3] Function : 

The function in body is 
supply and storage of 
energy. 


[4] Physiological 
energy value: 
4 keal/g 


[1] Composition : 

(a) Composed of C, H, 
O and N. 

(b) H and O does not 
remain in 2: 1 ratio. 


[2] Storage: 

Not stored as reserve 
food to a considerable 
extent. 


[3] Function : 

The function in body is 
maintenance of growth 
and to provide defence 
mechanism (immunity). 


[4] Physiological energy 
value: 
4 kcal/g 


[1] Composition: 

(a) Composed of C, H 
and O. 

(b) H and O does not 
remain in 2: 1 ratio. 


[2] Storage: 
Stored in plants as oils 
and in animals as fats. 


[3] Function : 

The function in body is 
storage and supply of 
energy. 


[4] Physiological energy 
value : 
9 kcal/g 


1.26.2. DIFFERENCE BETWEEN STARCH AND CELLULOSE 


[1] It is a storage polysaccharide of | III It is a structural polysaccharide of 
plants, found in cell wall. 


plants, 


2] It is made up of - glucose units. 
[3] Its molecule is branched. 
[4] It is digested in human alimentary 


canal. 


canal. 


[2] It is made up of B-glucose units. 
[3] Its molecule is unbranched. 
[4] Itis not digested in human alimentary 


1.26.3. DIFFERENCE BETWEEN STARCH AND GLYCOGEN 


II It is a plant polysaccharide. 
[2] Its molecule is less branched. 
[3] It gives blue colour with iodine. 


Glycogen 


[1] Itis an animal polysaccharide. 

[2] Its molecule is more branched. 

[3] It gives a reddish-brown colour with 
iodine. 
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1.26.4. DIFFERENCE BETWEEN MONOSACCHARIDES AND DISACCHARIDES 


Monosaccharides 


[1] These are simple sugars made up of | [1] These are complex sugars made up 
a single sugar unit. of two sugar units. 

[2] They do not need digestion for being | [2] They need digestion for being 
absorbed, absorbed 

[3] These are found in blood. [3] These are not found in blood. 

[4] These are reducing sugars. [4] These may or may not be reducing 


sugars. 
[5] They respond to Barfoed’s test | [5] They do not respond to Barfoed’s 
quickly. test quickly. 
[6] Examples—glucose, fructose, | [6] Examples—tlactose, maltose, 


galactose. sucrose. 


1.26.5. COMPARISON BETWEEN LACTOSE, SUCROSE AND MALTOSE 


[1] It occurs in animals | [1] It occurs in plants e.g., [1] It occurs in malt ; 
(milk) ; also called milk sugar-cane, beet- root hence called malt 
sugar. etc.; also called cane sugar. 

sugar. 

[2] It is made up of one | [2] It is made up of one |[2] It is made up of two 
molecule of glucose molecule of glucose molecules of glucose. 
and one molecule of and one molecule of 


galactose. fructose. 
[3] It is a reducing sugar. | [3] It is a non-reducing [3] It is a reducing sugar. 
sugar. 


[4] It does not respond to |[4] It respond to | [4] It does not respond to 
Seliwanoff’s test. Seliwanoff’s test. Seliwanoff’s test. 


1.26.6. DIFFERENCE BETWEEN MONOSACCHARIDES AND POLYSACCHARIDES 


Polysaccharides 


[1] These are simple carbohydrates II] These are complex carbohydrates 

made up a single sugar unit. made up of many (more than ten) 
3 sugar units (monosaccharides). 

[2] These are not sugars and do not have 
the reducing property ; hence do not 
respond to Benedict’s test. 

[3] They respond to iodine test but not 
to Barfoed’s test. 

[4] They must be digested for being 
absorbed. 

[5] They are storage carbohydrates. 


[2] These are sugars having reducing 
property ; hence they respond to 
Benedict’s test. 

[3] They respond to’ Barfoed’s test but 
not to iodine test. 

[4] They do not need to be digested for 
being absorbed. 

[5] They are directly utilizable 
carbohydrates. 

[6] Examples—glucose, fructose, 

galactose. 


[6] Examples—starch, cellulose, 
glycogen. 
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1.26.7. DIFFERENCE BETWEEN DISACCHARIDES AND POLYSACCHARIDES 


Polysaccharides 


[1] These carbohydrates are sugars. [1] These carbohydrates are not sugars. 

[2] These are made up of two [2] These are made up of many 

monosaccharide units only. monosaccharide units and may also 

contain amino sugars. 

[3] They may or may not have reducing [3] They do not have reducing property. 
property. 

[4] They do not respond to iodine test. 

[5] Examples—lactose, maltose, 
sucrose. 


[4]: They may respond to iodine test, 
[5] Examples—starch, glycogen, 
cellulose, dextrin: 


1.26.8. DIFFERENCE BETWEEN FAT AND OIL 


[1] It remains solid at normal room II] It remains liquid at normal room 
temperature. i.e., its melting point is temperature. i.e., its melting point is 
higher. lower. 

[2] It contains long chain fatty acids. [2] It contains short chain fatty acids. 

3 At occurs in animals. [3] It occurs in plants. 


1.26.9. DIFFERENCE BETWEEN SUGAR AND FAT 


[1] I is a carbohydrate. {1] It is a lipid. 


[2] Contains C, H and O in which Hand | [2] Contains C. H and O in which the 
O are in the ratio 2 : 1. amount of O is much less. 


[3] Each sugar molecule is a single | [3] Each molecule is made up of one 
monosaccharide or made up of only molecule of glycerol and 1-3 
a few monosaccharides. molecule(s) of fatty acid(s). 


[4] It is sweet in taste. 
[5] It is soluble in water. 


[4] It is not sweet. 


= 


It is insoluble in water. 


1.26.10. DIFFERENCE BETWEEN METALLOPROTEIN AND METAPROTEIN 


Metalloproein 


[1] It is a conjugated protein. [1] It is a primary derived protein. 

[2] It is formed by combination of a [2] It is formed by denaturation of a 

metal ion with a simple protein. simple protein or conjugated protein 
by the action of acids or alkalies. 

[3] Examples—acid metaproteins and 

alkali metaproteins. 


[3] Examples—pigments like 
hemoglobin, chlorophyll and 
enzymes like cytochromes. 
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1.26.11. DIFFERENCE BETWEEN ALBUMINS AND ALBUMINOIDS 


Albuminoids 


[1] These are soluble in water. [1] These are insoluble in water. 


[2] They occur in both plants and animals. 


[2] They occur in animals only. 


[3] They are functional proteins or reserve | [3] They are structural proteins of 
proteins. exoskeletal structures or 
connective tissues. 


1.26.12. DIFFERENCE BETWEEN LIPOPROTEINS AND GLYCOPROTEINS 


Lipoproteins Glycoproteins i 


[1] These are lipid-containing conjugated | [1] These are carbohydrate-containing 
proteins. conjugated proteins. 


[2] Their lipid prosthetic group may be | [2] Their carbohydrate prosthetic groups 
fat, fatty acid or phospholipid. are mucopolysaccharides. 


N 


1.26.13. DIFFERENCE BETWEEN SATURATED FATTY ACIDS AND 
UNSATURATED FATTY ACIDS 


Saturated fatty acids Unsaturated fatty acids 


{1} There is no double bond in the 
carbon chain of their molecules. 


[2] None of these are essential fatty 
acids. 


[3] They occur mainly in animal fat. 


IJ Tue ir molecules have one or more 
double bond(s) in the carbon chain. 


[2] Three of these are essential fatty 
acids. 


[3] They occur mainly in vegetable oils. 


1.26.14. DIFFERENCE BETWEEN POLYSACCHARIDES AND LIPIDS 


Polysaccharides Lipids 


[1] These are carbohydrates. 


[2] They contain C, H and O in which H 
and O remain in the ratio 2: 1. 


[3] These are soluble in-cold-or hot 
water. 


la] Stored in plants as starch and in 
animals as glycogen mainly. 


[5] These are made up of many sugar 
units and may also contain some 
sugar derivatives. 


[1] These are esters of fatty acids. 


[2] They also contain C, H and O but the 
H and O does not remain in 2 : 1 ratio. 


These are soluble in ether, alcohol, 
chloroform etc. 


Stored in plants as oils and in animals 
as fats mainly. 


[5] These are made up of fatty acids, 
glycerol or any other alcohol and may 
also contain some other groups. 
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1.26.15. DIFFERENCE BETWEEN VITAMINS AND ENZYMES 


[1] These are organic compounds of | [1] These are organic compounds of 

non-protein nature, protein nature. 

[2] They act as coenzymes that help in [2]They act as organic (biological) 
the action of enzymes. catalysts. 

[3] These are usually not synthesised in [3] These are synthesised in animal 
animal body and taken by the body and not taken through diet. 
animals through diet. 

[4]. These are nutrients. 


[4] These are cellular constituents. 


1.26.16. DIFFERENCE BETWEEN VITAMINS, PROVITAMINS AND ANTIVITAMINS 


II These are essential [H] These are organic [1] These are compounds 
organic constituent of compounds present in that antagonise the 
food other than food, that are inactive action of vitamins. 
carbohydrate, protein and precursors of vitamins. 


fat, that are required for 

maintaining good health. 

They produce coenzymes |[2] They produce |[2] They competitively 

in the body. vitamins in the body. inhibit or inactivate 
vitamins in the body. 


1.26.17. DIFFERENCE BETWEEN GLYCOGENOLYSIS AND GLYCOLYSIS 


Glycogenolysis 


[1] It is the process of breakdown of 
glycogen to glucose. 


[1] It is the process of breakdown of 
glucose or any other carbohydrate to 
pyruvic acid or lactic acid. 


[2] It occurs in almost all tissues. 


[2] It occurs in liver only. 


[3] Its purpose is to supply energy in the 
tissues. 


[3] Its purpose is to maintain the blood 
sugar level during fasting. 


1.26.18. DIFFERENCE BETWEEN GLYCOGENESIS AND GLYCOGENOLYSIS 


Glycogenesis Glycogenolysis 


[1] It is the process of formation of | [1] It is the process of breakdown of 
glycogen from glucose. glycogen to glucose. 


[2] It occurs in liver and muscles. [2] It occurs in liver only. 


[3] It helps to maintain blood sugar tevel 
during fasting. 


[3] It helps to store carbohydrate in the 
body for future use. 
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1.26.19. DIFFERENCE BETWEEN GLYCOGENESIS AND NEOGLUCOGENESIS 


Glycogenesis Neoglucogenesis 


[1] It is the process of formation of 
glycogen from glucose. 


[1] It is the process of formation of 
glucose from non-carbohydrates 
(proteins, fats etc.) 


[2] It occurs in liver and muscles. [2] It occurs in liver and kidney. 


[3] Its purpose is to store the surplus 
dietary glucose in the body. 


[3] Its purpose is to maintain the 
supply of glucose (i.e., blodd sugar 
level) when glucose is not available 
from diet. 


1.26.20. DIFFERENCE BETWEEN GLYCOLYSIS AND KREBS (OR TCA) CYCLE 


Glycolysis Krebs (or TCA) cycle 


[1] It is anon-cyclic pathway. I Is is a cyclic pathway. 


[2] It occurs in cytosol. [2] It occurs in mitochondria. 


[3] It operates in presence as well as in} [3] It operates only in presence of O, 
absence of O, (i.e., both in aerobic (i.e., in aerobic condition only). 
and anaerobic conditions). 


It is the process of oxidative It is the process of complete oxidation 
breakdown of glucose or other of acetyl CoA to CO, and H,O. 

* carbohydrates to pyruvic acid or 
lactic acid. 


It is the first phase of carbohydrate It is the final common pathway for 
oxidation. oxidation of carbohydrate protein and 
fat. 


[6] It generates less ATP. It generates more ATP. 


1.26.21. DIFFERENCE BETWEEN KREBS ORNITHINE CYCLE AND AND 
KREBS TCA CYCLE 


Krebs ornithine cycle Krebs TCA cycle 


[1] It occurs in liver only. [1] It occurs in many tissues. 


[2]. Through this, urea is synthesized. [2] Through this, acetyl CoA is oxidized, 


[3] It is an energy (ATP) consuming | [3] It is an energy (ATP) generating 
process. process 


[4]; It helps in detoxication and excretion | [4] It is concerned with cellular 
of NH,. respiration. 
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1.26.22. DIFFERENCE BETWEEN GLYCOLYSIS AND PPP 


Glycolysis PPP or (Pentose Phosphate 
Pathway) 


[1] Hexose sugars are partly broken and | [1 ] Hexose sugars are completely broken 
oxidized through it. and oxidized through it. 

[2] CO, is not produced in it. [2] CO, is produced in it. 

[3] Tetrose, pentose and heptose are not [3]. Tetrose, pentose and heptose sugars 

formed in it. are formed as intermediate 
compounds. 

[4] NADP is used as 2H carrier, 

[5] It is an alternate (ot shunt) pathway 
for carbohydrate oxidation. 

[6] It begins with 6 molecules of glucose. 


[4] NAD is used as 2H carrier. 

[5] It is a component of the main 
pathway for carbohydrate oxidation. 

[6] It begins with 1 molecule of glucose. 


1.26.23. DIFFERENCE BETWEEN DEAMINATION AND TRANSAMINATION 
Deamination Transamination 


[1] In-this, the nitrogenous part of an 
amino acid is not liberated us NH. 

[2] It is a reversible process. 

[3] Itis never of oxidative type. 

[4] It helps in both anabolism and 
catabolism of amino acids, 

5] Pyridoxine (Vitamin Bg) derivatives 

are used as coenzyme. 


II In this, the nitrogenous part of an 
amino acid is liberated as NH3. 

[2] It is an irreversible process. 

[3], It may be of oxidative nature. 

[4] It helps in catabolism of amino acids. 


[5] A-riboflavin (Vitamin Ba) derivative 
is used as coenzyme. 


1.26.24. DIFFERENCE BETWEEN DUODENUM, JEJUNUM AND ILEUM : 


[1] Itis the first part of small [1] Itis the middle portion [1] It is the last part of 
intestine. of small intestine. small intestine. 
[2] It contains Brunner’s [2] It contains neither [2] It contains Peyer's 


glands. Brunner’s glands nor patches. 
Peyer’s patches. 
[3] Its villi are leaf-shaped. [3] Its villi are spherical. |{3] Its villi are short, finger 
like or club-shaped. 


1.26.25. DIFFERENCE BETWEEN SMALL INTESTINE AND LARGE 


INTESTINE 
Stall intestine 


[1] Length greater but less in diameter [1] Length shorter but greater in diameter 
(Le., narrower). (i.e., wider). 

{2] Teniae coli absent. [2] Teniae coli present. 

[3] Villi present. [3] Villi absent. 

[4] Goblet cells present in small numbers. [4] Goblet cells present in large numbers. 
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1.26.26. DIFFERENCE BETWEEN SALIVARY GLAND AND PANCREAS 


Salivary gland 


[1] Present in three pairs. [1] Present singly. 

[2] Opens in the mouth cavity. [2] Opens into duodenum. 

[3] Acini may be of serous type or} [3] Acini are only of serous type. 
mucous type or mixed type. 

[4] Islets of Langerhans absent. 


1.26.27. DIFFERENCE BETWEEN PEPSIN AND TRYPSIN : 

[1] Found in pancreatic juice. 

[2] Acts in alkaline medium. 

[3] Splits specifically the peptide bonds 
formed by the —COOH group of 
basic amino acids (arginine or 
lysine). 

[4] Does not coagulate milk but can 

coagulate blood. 


[4] Islets of Langerhans present. 


[1] Found in gastric juice. 

[2] Acts in acidic medium. 

[3] Splits specifically the peptide bonds 
formed by the —COOH group of 
aromatic amino acids (phenyl 
alanine, tyrosine or tryptophan). 

[4] Can coagulate milk but does not 

coagulate blood. 


1.26.28. DIFFERENCE BETWEEN BILE SALTS AND BILE PIGMENTS 


[1] These are secretory materials of bile. | [1] These are excretory materials of bile. 

[2] These are of two types—sodium tauro- | [2] These are of two types: bilirubin and 
cholate and sodium glycocholate. biliverdin. 

[3] These are derivatives of the amino] [3] These are derived from catabolism 
acids glycin and taurine, and cholic of heme portion of hemoglobin. 
acid (produced from cholesterol). 

[4] They are important for digestion and 

absorption (of fat). 


1.26.29. DIFFERENCE BETWEEN PTYALIN AND AMYLOPSIN 


[4] They have no role in digestion and 
absorption. 


[1] It is the amylase of saliva. [1] It is the amylase of pancreatic juice. 


[2] It acts best in neutral or slightly | [2] It acts best in neutral or alkaline 
acidic medium. medium, À 
[3] Jt acts in mouth and stomach. [3] It acts in small intestine. 


1.26.30. DIFFERENCE BETWEEN SALIVA AND GASTRIC JUICE 
Saliva 


[1] It is poured into the mouth cavity. I] Itis poured into the cavity of stomach. 

[2] It is neutral or slightly acidic or slightly} [2] It is strongly acidic in reaction. 
alkaline in reaction. 

[3] It is an amylolytic digestive juice. [3] It is a proteolytic digestive juice. 

[4] Its main enzyme is ptyalin. [4] Its main enzyme is pepsin. 

[5] Its helps in swallowing, taste sensation, [5] It has no role in these physiological 
speech and thermoregulation. processes. 

[6] It has no role in erythropoiesis. [6] Ithelps in erythropoiesis by facilitating 

absorption of vitamin Bj, and iron. 
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1.26.31. DIFFERENCE BETWEEN TRYPSIN AND EREPSIN 


[a ßßß—» i 
[1] It is found in pancreatic juice. [1] Itis found in intestinal juice. 

[2] It is a single proteolytic enzyme. [2] Itis a mixture of proteolytic enzymes. 
[3] It is an endopeptidase. [3] It contains aminopeptidase ‘(an 
exopeptidase), tripeptidase and 
dipeptidase. 

It completes protein digestion. 


[4] Itdoes not complete protein digestion, 


1.27. Matters To Recollect 


t Carbohydrate, protein and lipid are proximate principles of food or energy 
yielding foods. eT 
t& Vitamins, minerals and water are accessory components of food or protective 
food. 
The chief function of carbohydrate and lipid is to provide energy. 
The chief functions of protein are to build up the body, repair of wear and tear of 
tissues and to provide immunity. 
The physiological energy values of carbohydrate, protein and fat are 4, 4 and 9 
kcal/g respectively. 
Nutrogen balance is the difference between dietary nitrogen intake and excretion 
nitrogen through urine and feces. 
Nutritional value of a protein depends on digestibility and essential amino acid 
content of the protein. 
Biological value of a protein is an index of nutritional value of the protein. 
Vitamins A, D, E and K are fat soluble whereas vitamins of B complex group 
and vitamin C are water soluble. 
Water soluble vitamins (B Complex and C) act as coenzymes. 
Minerals act as cofactor of enzymes. 
Respiratory quotient or RQ is the ratio of the volumes of CO, production over 
Oy consumption in a given time. 
RQ indicates the type of food being burnt in the body. 
RQ values for carbohydrate, protein and fat are 1, 0.8 and 0.7 respectively. 
Basal metabolic rate or BMR is the rate of energy output by a person at complete 
physical and mental rest. 
Carbohydrates are polyhydroxy aldehydes or ketones. 
Proteins are polymers of amino acids. 
Lipids are esters of fatty acids. 
The bond joining two monosaccharide units in a complex carbohydrate is called 
glycoside bond or glycosidic linkage. 
The bond joining the -COOH group of one amino acid with the NH group of 
another amino acid in a peptide or protein is called peptide bond or peptide 
linkage. 
t The -OH groups of glycerol remain joined to fatty acids in a fat (glyceride) by 
ester bonds. 
2253—59 
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Starch is found in plants but glycogen is found in animals. 

Fats are found in animals but oils are found in plants. 

All fats are lipid but all lipids are not fat. 

The process of breakdown of glycogen to glucose is called glycogenolysis. 
Formation of glucose (or glycogen) from non-carbohydrates (e. 8 fats and proteins) 
is called neoglucogenesis or gluconeogenesis. 

Glycogenolysis and neoglucogenesis occur in liver. 

Breakdown of glycogen, glucose or other sugars into pyruvic acid is called 
glycolysis. 

Glycolysis may occurs in both aerobic and anaerobic conditions whereas TCA 
cycle occurs in aerobic condition only. 

Biosynthesis of glycogen from glucose is called glycogenesis. 

Collection of free amino acids in the body is called amino acid pool. 

The amino acids which are not synthesized in our body and must be taken through 
diet are called essential amino acids. 

The nitrogenous part of amino acids is excreted from our body as urea through 
the urine. 

Fatty acids are broken down into 5 CoA by a process called —ß oxidation. 
Three unsaturated fatty acids namely linoleic acid, linolenic acid and arachidonic 
acid are called essential fatty acids because they are not synthesized in the body 
but their presence in the diet is a must. 

High cholesterol level in blood produces disorders like gall stone, atherosclerosis 
and hypertension. 

Acetoacetic acid, B-hydroxybutyric acid and acetone are called ketone bodies. 
Complete oxidation of each molecule of glucose through glycolysis and TCA 
cycle generates 38 ATP. 

Pentose phosphate pathway is an alternative pathway for complete oxidation of 
glucose without involving glycolysis and TCA cycle. 

Neoglucogenesis helps to reuse the lactic acid in the body. 

The normal blood sugar level is 80—120 mg/100 ml. 

Increased accumulation of ketone bodies in the body is called ketosis. 

The compounds which are not proteins but contain N are called non-protein 
nitrogenous (NPN) compounds, e.g., urea, uric acid, creatinine etc. 

Removal of NH; from amino acids is called deamination. 

Interchange of amino and keto groups between an amino acid and a keto acid is 
called transamination. 

Decarboxylation of amino acids produces amines. 

The digestive system is made up of alimentary canal and accessory digestive 
glands. 

Accessory digestive glands are of 3 types—salivary glands, pancreas and liver. 
The chief enzyme of saliva is ptyalin which digests starch. 

The chief enzyme of gastric juice is pepsin which digests protein. 

The chief proteolytic enzyme of pancreatic juice is trypsin. 

Liver is the largest gland of our body. 

Bile does not contain any digestive enzyme ; the chief digestive constituent of 
bile is bile salt. 
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Bile is secretory as well as excretory product of liver. 

Gall bladder bile is much more concentrated than liver bile. 

The partially digested acid mixed food emerging from stomach in semiliquid state 
-is called chyme (or acid chyme). 

Brunner’s glands are present in duodenum. i 

Peyer’s patches are found in the ileum. 

Intestinal glands are called crypts of Lieberkuhn. 

Goblet cells are plentiful in the large intestine. 

Kupffer cells are found in liver. 

Islets of Langerhans are present in pancreas. 

Proteolytic enzymes of intestinal juice are collectively called as erepsin. 
Enterokinase of intestinal juice is also called enzyme of enzyme because it 
activates the pancreatic trypsinogen. 


RRR 
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t& Intestinal juice is called succus entericus. 

t& The central lymphatic of a villus is called lacteal. 

t& Deglutition or swallowing is done by the joint action of mouth, pharynx and. 
oesophagus. 

During swallowing, breathing is stopped so that food particles may not enter into 
larynx. fie 

ts Empty stomach shows hunger contractions which gives the feeling of hunger. 

ts After a meal, the stomach shows tonic and peristaltic contractions. 

e Small intestine shows two types of movements segmentation and peristalsis. , 

e Peristalsis is a propulsive movement. 

ts Segmentation is a mixing movement. 9 

Large intestine shows segmentation, peristalsis, antiperistalsis and mass 


peristalsis. 


1.28. Summary 


We consume food for nutrition (nourishment) of aur body i.e., supply of 
energy, formation of tissues and protection from diseases. The basic constituents 
of food (i.e. nutrients) are of six types—carbohydrate, protein, lipid, vitamin, 
mineral and water. Of these, the first three are proximate principles of food or 
energy yielding food and the remaining three are accessory (or protective) 
components of food. On being oxidized in the body, each gram of carbohydrate, 
protein and fat supplies 4, 4 and 9 kcal of energy. The chief function of 
carbohydrate and protein is to supply energy while that of protein is formation 
of tissues for growth and repair of wear and tear. However, these nutrients also 
have some other functions. Carbohydrate rich foods are plant products e. g., cereals 
(tice, wheat, maize), roots and tubers (potato), table sugar, molasses etc. Protein 
tich food includes animal products like meat, fish, egg and milk, and plant 
products like pulses, lentils, legumes, soyabean and nuts. Lipid rich food includes 
vegetable. oils, butter, ghee, fatty meat or fish etc. Utilization of dietary proteins 
for growth is expressed by nitrogen balance i.e. difference between dietary 
intake of N and urinary plus fecal excretion of N. The nutritional value of a 
protein depends on its digestibility and essential amino acid content. Animal 
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proteins are of higher nutritional value ; so they are called first class proteins. 
Plants proteins having lower nutritional value are called second class proteins. 
Biological value of a protein is the percentage of absorbed N retained in the 
body ; it is a measure of nutritional yalue of the protein. Vitamins are divided 
into two main groups fat soluble (e.g., A, D, E and K) and water soluble (B 
complex and C). Fat soluble vitamins are found in liver, fish liver oils and fatty 
food. Water soluble vitamins are found in vegetables, fruits and germinating 
seeds. Vitamins protect us from many diseases and most of them act as coenzymes. 
Minerals help in formation of tissues, maintenance of excitability of nerves and 
muscles and action of enzymes. Water is the most important constituent of our 
body. By its solvent action, water serves as a medium for metabolic reactions and 
transport of materials in the body. 

Respiratory quotient or RQ is the ratio of the volume of CO, output over 
the volume of O, consumption in a given time. It indicates the type of food being 
oxidized in the body. BMR or basal metabolic rate is the amount of heat output 
per hour per square meter of body surface area of a person who is awake and at 
complete physical and mental rest. It is affected by various physiological an 
pathological factors. 

Carbohydrates are polyhydroxy aldehydes or ketones. They are classified into 
two main classes-Simple carbohydrates (monosaccharides) and Compound 
carbohydrates (oligosaccharides and polysaccharides). They show various 
properties due to the presence of aldehyde or ketone groups, hydroxyl groups and 
asymmetric carbons. The properties are—isomerism (aldose- ketose isomerism, 
stereoisomerism and optical isomerism), oxidation, reduction, reducing action, 
formation of glycosides, esters and osazones, fermentation etc. Proteins are 
polymers of amino acids. They are broadly classified into simple proteins, 
conjugated proteins and derived proteins ; each group is further divided into 
several sub-types. They show various properties like high molecular weight, 
amphoteric nature, isoelectric pH, colloidal nature and denaturation. Lipids are 
esters of fatty acids. They are classified into simple lipids (glycerides, waxes and 
steroids) and compound lipids (phospholipids, glycolipids, sulfolipids, proteolipids 
and ganglosides). Glycerides (fats and oils) show properties like saponification, 
hydrogenation, halogenation and rancidity. 

Metabolism means utilization and fate of the absorbed food materials in the 
body which involves various biochemical pathways. The absorbed food is used 
in the body for three purposes [1] supply of energy by oxidation, [2] storage of 
energy for future use and [3] formation of materials needed for growth and other 
functions. 

Carbohydrate metabolism means metabolism of glucose because it is the 
chief carbohydrate derived from diet and most widely utilized in the body. Glucose 
is used as fuel in most of the tissues and oxidized through glycolysis and TCA 
cycle for supply of energy. The surplus glucose is converted to glycogen 
(glycogenesis) in liver and muscles, and fat in adipose tissue for storage. Glucose 
may be used for synthesis of some non-essential amino acids in the body. The 
glycogen stored in liver is used for maintaining the blood sugar level during 


fasting through glycogenolysis (breakdown of glycogen into glucose in liver). 
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The muscle glycogen is used to supply energy for contraction, by oxidation 
through glycolysis and TCA cycle. Glucose may also be produced from protein 
and fat by neoglucogenesis which is stimulated during prolonged fasting or 
diabetes mellitus. In diabetes mellitus, glucose is not utilized and its level in 
blood becomes abnormally high (hyperglycemia), and it is excreted in urine 
(glucosuria or glycosuria). Protein metabolism means metabolism of amino acids. 
Absorbed amino acids are mainly used for synthesis of various types of proteins 
and non-protein nitrogenous compounds in tissues. When carbohydrate and fat are 
not available, amino acids derived from tissue proteins may serve as fuel and be 
oxidized through deamination, transamination and TCA cycle for supply of 
energy. The nitrogenous part of amino acids is excreted through urine as urea. 
Fats are good source of energy. Fatty acids and glycerol are oxidized in the body 
for energy supply. Fatty acids are catabolized into acetyl CoA through B- oxidation. 
Glycerol is oxidized to pyruvic acid via glycolysis and the pyruvic acid inturn is 
oxidized to acetyl CoA. The acetyl CoA is finally oxidized through TCA cycle, 
Glycerol may be converted to glucose. Acetyl CoA is also used in synthesis of 
fatty acids, cholsterol, ketone bodies etc. The surplus fatty acid and glycerol are 
converted to fat (lipogenesis) in adipose tissue for storage. 

The process by which complex, insoluble food materials are broken down into 
simple, soluble and absorbable products is called digestion, and entry of digestion 
products into the blood is known as absorption. The system of our body which 
carries out these two functions is called digestive system. The digestive system 
is composed of the alimentary canal (a long tube extending from mouth to anus) 
and the accessory digestive glands (salivary glands, liver and pancreas). The wall 
of alimentary canal consists of serous, muscular, submucous and mucous coats 
from outside inwards. Digesstion is accomplished by five types of digestive 
juices-[1] saliva, [2] gastric juice, [3] pancreatic juice, [4] bile and [5] intestinal 
juice. Amongst these the second and fifth one are secreted from the mucous 
membrane of stomach and intestine respectively into their cavities. The saliva is 
secreted by three pairs of salivary glands into the mouth cavity. The bile and 
pancreatic juice are secreted from the liver and pancreas respectively into the 
intestinal lumen. 

The chief enzyme of saliva is ptyalin which begins the digestion of starch. 
Pepsin, the chief enzyme of gastric juice begins the digestion of protein in an 
acidic medium created by the gastric HCl. Digestion of protein and arbohydrate 
is completed in the small intestine by the action of pancreatic and intestinal 
enzymes. Digestion of fat begins as well as ends in the small intestine by the 
action of bile, pancreatic and intestinal juices. After digestion, the carbohydrates 
are absorbed as monosaccharides (mainly glucose), proteins mainly as amino 
acids, and fats as glycerol, fatty acids and triglycerides, Vitamins, minerals and 
water are absorbed without digestion. Absorption takes place mainly in the small 
intestine. Small quantities of water, glucose and salts may be absorbed in stomach. 
Large intestine absorbs water mainly. Different parts of alimentary canal show 
some characteristic movements which help in ingestion of food, its downward 
propulsion and mixing with digestive juices and finally egestion of the unabsorbed 
food residues as feces. 
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1.29. Naming/Discovery/Discoverer y 


{1} 
121 


[3] 


[4] 


Berzelius introduced the name protein. 

Hofmeister and Emil Fisher (1920) proposed that the amino acids in a 
protein remain joined by peptide bond. 

Frederick Sanger (1954) discovered the method for determining the amino 
acid sequence of a protein. 

Osborne and Mendel (1915) proposed the concept of essential amino acids 
which were then detected by Rose et. al. (1930-35). 

Burr and Burr (1930) introduced the name “essential fatty acid”. 

Funk (1912) introduced the term vitamine and Drummond (1920) renamed 
vitamine as vitamin, 

Vitamin A was discovered and named by Me Collum and Davis (1917), 
Vitamin D was named by Me Collum et, al. (1922). 

Vitamin E was discovered and named by Evans and Bishop (1922). 
Vitamin K was named by Dam (1935). 

Vitamin C was first isolated from cabbage, orange and adrenal gland by 
Szent-Gyorgy (1928). 

Vitamin B) was first isolated from rice polishings by Jansen and Donath 
(1926). 

Vitamin By (Riboflavin) was isolated from milk, eggs and liver by Kuhn et. 
al. (1933) and Karrer et. al, (1933), 

Niacin was isolated from liver by Elvehjem et. al. ( 1937). 

Vitamin Bg (Pyridoxine) was isolated by five groups of workers—Lepkoysky 
(1938) ; Gyorgy (1938) ; Kuhn and Wendt (1938) ; Itiba and Miti (1938); 
Kerseztesy and Stevens (1938), 

Pantothenic acid was isolated by Williams et. al. (1938), 

Lipmann (1947) discovered that pantothenic acid exists in the form of 
coenzyme A in the tissues as a key compound of cellular metabolism. 
Folic acid was isolated by Piffner et, al. (1947) from liver. 

Vitamin Bj} was isolated by Smith and Parker (1948) and Rickes et, al. 
(1948). 

Gyorgy (1931) gave the name vitamin H to the anti-egg white injury factor 
(biotin) and Kogel and Tonnis (1936) isolated biotin, 

Castle showed the importance of gastric juice and vitamin By in 
erythropoiesis. 

Cannon and Washburn (1912) gave the name ‘hunger contraction’, 
Lohmann (1929) discovered ATP, the source of ready energy in the cells, 
Embden, Meyerhof and Parnas described the pathway of glycolysis, 
Krebs (1937) discovered TCA cycle. 

Warburg, Dickens and Lipmann described the PPP. 

Cori described the lactic acid cycle which is also called ‘Cori cycle’, 
Krebs (1935) showed that liver and kidney are the chief sites of deamination. 
Braunstein and Kritzmann (1947) discovered transamination. 

Krebs and Henseleit (1932) elucidated the steps of urea cycle. 

Knoop (1905) proposed the f- Oxidation of fatty acids. 
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1.30. Some terms Related To Disorders Of Nutrition, Metabolism And 
Digestive System. 


111 
(2) 
131 
14) 
[5] 
[6] 
7 


[8] 
19] 


110 
(11) 


(12) 


(13) 
(14) 
1150 


116 


(17) 
(18) 


1191 


120] 
(21) 
122) 
[23] 
1241 
125 
120 


(27) 
[28] 
1291 
[30] 
(31) 


[32] 


Achlorohydria—Lack of HCI secretion in gastric juice, 
Acholia—Absence of bile secretion, 

Anorexia—Loss of appetite. 

Appendicitis—Inflammation of the vermiform appendix. 

Avitaminosis (Hypovitaminosis)—Deficiency of vitamin in body, 
Beriberi—A form of polyneuritis caused by vitamin By (thiamine) deficiency, 
Bitot’s spots—White or greyish plaque formed by desquamated and thikened 
epithelium on conjunctiva due to vitamin A deficiency, 

Bow legs—Curved legs seen in Vitamin D deficiency in young (rickets), 
Cheilosis— Cracked and fissured condition of lips at the angles of mouth, 
seen in vitamin Bz (riboflavin) deficiency, 

Cholecystitis—Inflammation of gall bladder. 

Cholecystolithiasis (or Cholelithiasis)\—Presence of stone (calculus) in gall 
bladder or bile duct ie., gall stone. 

Cirrhosis of liver—Loss of liver function due to necrosis and fibrosis of 
liver cells. 

Colic—Acute abdominal pain. 

Colitis (or Colonitis)\—Inflammation of the colon. 
Constipation—Incomplete, delayed (often very infrequent) and difficult 
evaculation of hard stools, 

Craniotabes—An early sign of rickets characterised by small round unossified 
areas in the skull. 

Creatorrhoea—Presence of muscle fibres (undigested meat) in stool, 
Dental caries—Decalcification and destruction of enamel and dentine of 
tooth leading to cavitation of tooth. 

Diabetes mellitus—Increased blood sugar level (hyperglycemia) and excretion 
of sugar in urine (glycosuria) due to lack of the hormone insulin. 
Diarrhoea—A condition in which loose or watery stools are passed frequently. 
Dysentery—Loose motions accompanied by passage of blood and mucus. 
D Indigestion or difficulty of digestion. 

Dysphagia—Difficulty in swallowing. 

Fatty liver—Degeneration of liver cells due to fatty infiltration. 
Flatulence—Excessive formation of gas (flatus) in stomach or intestine, 
Food allergy—Adverse reactions occurring in some individuals after 
consuming a particular food or group of foods, 

Fructosuria—Presence of fructose in urine, 

Galactosuria—Presence of galactose in urine, 

Gastritis—Upper abdominal discomfort due to inflammation of stomach. 
Gastroenteritis—Inflammation of stomach and intestine, 
Glossitis—Inflammation of tongue, often associated with vitamin Bz 


deficiency. 

Glycogenosis—A hereditary disease due to abnormally high glycogen storage 
in liver (hence also called glycogen storage disease), observed mainly in 
children and associated with enlargement of liver and hypoglycemia. 
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Glycosuria (or Glucosuria)—Presence of glucose in urine due to excessive 
rise of blood sugar level. 

Heart burn (or Pyrosis)—Burning sensation in oesophagus and stomach 
due to hyperacidity in stomach, 

Hemorrhagic disease of new born—Blood vomiting in newborn due to 
vitamin K deficiency. 

Hyperglycemia—A bnormally high blood sugar level. 

Hyper vitaminosis—Pathological condition due to excess dietary intake of 
vitamin. i 

Hypoglycemia— Abnormally low blood sugar level. 

Icterus (or Jaundice)—A yellowish discolouration of eyes, skin, mucous 
membranes and urine due to rise in blood level of bilirubin. 
Keratomalacia—Softening and ulceration of cornea due to prolonged 
deficiency of vitamin A. 

Ketonemia—Abnormally high level of ketone bodies in blood. 
Ketonuria—Abnormally high level of ketone bodies in urine. 
Ketosis—Accumulation of excessive amounts of ketone bodies in body tissues 
and body fluids. 

Ketosuria—Presence of a ketosugar in urine. 

Knok knee (or Genu valgum)—A bone deformity associated with rickets in 
which the space between the knees is abnormally redued and that between 
the ankles is increased. 

Lactose intolerance An inborn deficiency of lactase in the intestine leading 
to failure of digestion and absorption of lactose and thus intolerances of 
dietary lactose (or milk). 

Lactosuria—Presence of lactose in urine. 

Lipoidemia—Presence of excess lipids in blood. 

Lipoiduria (or Lipuria)—Presence of lipids in urine 
Lipopenia—Diminution of fats in blood. 

Mumps—Inflammation of the parotid gland due to viral infection. 
Nausea—Tendency to vomit. 

Nyctalopia—Night blindness caused by vitamin A deficiency. 
Obesity—Overweight due to excess fat accumulation in the body, 
Osteomalacia—Softening of mature bones due to deficient mineralisation 
caused by deficiency of vitamin D in adults ; it is the adult counterpart of 
tickets. 

Pellagra—Niacin deficiency disease characterised by 3Ds—dermatitis, 
diarrhoea and dementia. 

Peptic ulcer—Ulceration (or breach) of mucous membrane of stomach or 
duodenum due to exposure to acid peptic secretions. 

Pernicious anemia—A type of anemia (reduction in RBC count and 
hemoglobin content in blood) caused by deficiency of gastric intrinsic factor 
and/or vitamin Bj ; characterised by presence of fewer number of large, 
nucleated primitive RBCs with less hemoglobin. 

Rickets—Disease of bone deformity in children caused by deficiency of 
vitamin D. 
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Rickety rossary—A bone deformity seen in rickets in which there is beading 
of the ribs. 

Scurvy Vitamin C deficiency disease. 

Steatorrhoea—Presence of excess fat in stool due to impaired digestion and 
absorption of fat caused by deficiency of bile and/or pancreatic juice. 
Uremia—Abnormally high blood urea level. 

Uricemia— Abnormally high level of uric acid in blood. 
Volvulus—Twisting of a loop of intestine upon itself causing obstruction. 
Xerophthalamia— Dryness (xerosis) of cornea and conjunctiva due to vitamin 
A deficiency. 


1.31. Answers To Special Questions 


1 


Ans. 


121 


Ans. 
[3] 
Ans. 
[4] 


Ans. 


[5] 
Ans. 


[6] 


Ans. 
[7] 
Ans. 


[8] 
Ans. 


Name the biologically most important monosaccharides. IJ. E. E. 2005] 
Three hexose sugars—glucose, fructose and galactose are biologically most 
important. 
What is chyme ? [J.E.E. 2004] or What is acid chyme ? IJ. E. E. 1994] 
The partially digested and acid mixed food matters present in stomach in 
semiliquid form is called chyme or acid chyme. 
Mention the causes of the following diseases : (a) Beriberi, (b) Scurvy. 

IJ. E. E. 2004] 
(a) Deficiency of vitamin B; (thiamine). 
(b) Deficiency of vitamin C (ascorbic acid). 


(a) What is ketonuria ? [J.E.E. 2004] 
(b) Name the bile salts and bile pigments. [J.E.E. 1998, 2004] 
(a) Ketonuria is a pathological condition in which large amounts of ketone 


bodies are exereted in urine due to an abnormal increase in their production 
and thus level in blood. It is seen in starvation and diabetes mellitus. 
(b) Bile salts—Sodium taurocholate and Sodium glycocholate. 
Bile pigments—Bilirubin and Biliverdin. 
(a) What is vitamin ? (b) Name the fat soluble vitamins. [J.E.E. 2003] 
(a) Vitamins are essential organic constituents of our diet (other than 
carbohydrate, protein and lipid) required in minute quantities for maintaining 
metabolism, growth and good health. 
(b) Vitamin A (Retinol), Vitamin D (Calciferol), Vitamin E (Tochopherol) and 
Vitamin K (Napthoquinone). 
Which vitamin deficiencies lead to (a) beriberi and (b) glossitis ? 

[J.E.E. 2002] 
(a) Vitamin B! (Thiamine). (b) Vitamin B, (Riboflavin). 
What is the difference between glucose and fructose ? [J. E. E. 1997, 2000] 
Glucose is an aldohexose sugar containing the aldehyde (CHO) group at its 
C, position whereas fructose is a ketohexose sugar containing the ketone 
(C0) group at its Ca position. Fructose responds to Seliwanoff’s test but glucose 
does not respond to this test. 
Name a gland which has exocrine and endocrine function. [J.E.E. 2000] 
Pancreas. 
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(a) What types of proteins are there in white and yellow parts of egg ? 

(b) Why lipids are called triglycerides ? (c) What is lacteal ?[J.E.E. 2000] 

(a) Egg-white—albumin ; Egg-yellow—globulin. 

(b) Lipids are called triglycerides because they are formed by esterification of 

the three-OH groups of glycerol by three fatty acid molecules. 

(c) Lacteal is a blind ending of a lymphatic vessel, placed centrally within the 

villus of small intestine. It takes part in fat absorption and contains a milky 

white fluid (chyle) rich in fatty material. 

(a) Why metabolic rate is low in case of animals doing exchange of gases 

through the entire body surface ? (b) Name one amino acid which often 

initiates protein synthesis, (c) Where is urea produced in human body ? 
IJ. E. E. 2000] 

(a) In animals doing exchange of gases through the entire body surface, the 

metabolic rate is low because of their low oxygen intake capacity. 

(b) Methionine. (c) In liver. 

(a) What is the normal blood sugar level ? (b) When does sugar appear in 

urine ? IJ. E. E. 1998, ’99] 

(a) 80-120 mg e 100 ml blood. 

(b) Sugar appears in urine in diabetes mellitus when the blood sugar level exceeds 


180 mg/100 ml. 


(a) What is the end product of protein digestion ? (b) In which organ urea 
is synthesized ? (c) Through which organ urea is excreted ? (d) Name two 
non-protein nitrogenous substances of blood. (e) What is essential amino 
acid ? ~ [J.E.E. 1999] 
(a) Amino acid. (b) Liver. (e) Kidney. (d) Urea, uric acid, creatinine, amino 
acid (any two). (e) Essential amino acids are those amino acids which must be 
supplied through diet because they are not synthesized in the body. 
(a) Name the proximate principles of food. (b) Is vitamin a food ? (c) How 
long a new born can take breast milk only as food ? (d) How much calories 
is obtained from 1g of fat ? (e) What is net protein utilization ? 

IJ. E. E. 1999] 
(a) Carbohydrate, protein and fat. (b) No. (e) 4-6 months. (d) 9 kcal (e) Net 
protein utilization (NPU) is the percentage of the food nitrogen retained in the 
body and is given by the product of digestibility coefficient and biological value 
of a protein. 8 
(a) What is the normal value of BMR ? (b) Name the classical instrument 
for determination of BMR. (c) Why the BMR is high in protein diet ? 
(d) In which endocrine disease BMR is low ? (e) In which endocrine disease 
BMR is high ? IJ. E. E. 1999] 
(a) In adult males 4 kcal / hr / sq. m. In adult females 37 kcal / hr / sq.m. 
(b) Benedict-Roth spirometer. 
(c) After a protein diet, the heat production in the body rises above BMR due to 
the specific dynamic action (or SDA) of protein which is about 30%. 
(d) Myxedema or Cretinism (i. e., hypothyroidism). 
(e) Graves disease or Exophthalmic goitre (i.e., hyperthyroidism). 
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(a) What is saliva ? (b) Which salivary gland contributes maximally to 
saliva secretion ? (c) Mention the site of bile storage. (d) Does bile contain 
any enzyme ? [J.E.E. 1999] 
(a) Saliva is a colourless, tasteless and viscid digestive juice secreted by the 
salivary glands into the mouth cavity, which also helps in mastication and 
swallowing. 
(b) Submaxillary (or submandibular) gland (about 70%). 
(c) Gall bladder. (d) No. 
State whether the following statements are true or false : 
(a) Vitamin is formed inside the body. (b) Trypsin is secreted from stomach. 
[J.E.E. 1999] 
(a) True. (b) False. j 
Distinguish between—Ilium and Ileum. IJ. E. E. 1993, 97, 99 
Ilium is the dorsal part of the pelvic girdle which in tetrapods is joined to one 
or more sacral vertebrae giving stability to attachment of hind limbs. 
Ileum is the last part of small intestine of mammals preceeding the large intestine 
responsible for absorption of digested food materials. 7 
Name the muscles of mastication. [J.E.E. 1999] 
Masseter, Temporalis, Internal (or Medial) and External (or Lateral) pterygoid 
and Buccinator. 
Write the full names of—(i) ATP I. E. E. 1990, 98; Tripura H.S. 1997], (ii) 
ADP [Tripura H.S. 1996], (iii) AMP, (iv) GTP, (v) GDP, (vi) NAD, (vii) 
NADP [J.E.E. 1990, 98; Tripura H.S. 1997] (viii) FAD, (ix) FMN, (x) 
EMP pathway [Tripura H.S. 1997], (xi) TCA cycle IJ. E. E. 1996], (xii) HMP 
(or HMS), (xiii) PPP, (xiv) CoA-SH, (xv) ETS, (xvi) Pi, (xvii) PPi, (xviii) 
UDPG, (xix) NPN, (xx) BMR, (xxi) SDA, (xxii) DOPA IJ. E. E. 1994], (xxiii) 
CPK IJ. E. E. 1998], (xxiv) LDL IJ. E. E. 1998], (xxv) HDL IJ. E. E. 1998], 
(xxvi) VLDL, (xxvii) SGOT, (xxviii) SGPT. j d 
(i) Adenosine triphosphate, (ii) Adenosine diphosphate, (iii) Adenosine 
monophosphate, (iv) Guanosine triphosphate, (v) Guanosine diphosphate, 
(vi) Nicotinamide adenine dinucleotide, (vii) Nicotinamide adenine dinucleotide 
phosphate, (viii) Flavin adenine dinucleotide, (ix) Flavin mononucleotide, 
(x) Embden-Meyerhof-Parnas pathway, (xi) Tricarboxylic acid cycle, 
(xii) Hexose monophosphate pathway (or Hexose monophosphate shunt), 
(xiii) Pentose phosphate pathway, (xiv) Coenzyme A, (xv) Electron transport 
system, (xvi) Inorganic phosphate, (xvii) Inorganic pyrophosphate. 
(xviii) Uridine diphosphate glucose, (xix) Non-protein nitrogen, (xx) Basal 
metabolic rate, (xxi) Specific dynamic action, (xxii) Dihydroxy phenyl alanine, 
(xxiii) Creatine phosphokinase, (xxiv) Low density lipoprotein, (xxv) High 
density lipoprotein, (xxvi) Very low density lipoprotein, (xxvii) Serum glutamate 
oxaloacetate transaminase, (xxviii) Serum glutamate pyruvate transaminase. 
Where goblet cells are found ? [J.E.E. 1998] 
Goblet cells are found in alimentary canal, specially abundant in the large 
intestine, and also in trachea. 
(a) Define (i) Glycogenesis, (ii) Glycogenolysis and (iii) Gluconeogenesis. 
(b) Write the steps of glycogenolysis. [J.E.E. 1998] 
(a) (i) Glycogenesis is the process of synthesis of glycogen from glucose, 
occurring in liver and muscle. 
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(ii) Glycogenolysis is the process of breakdown of glycogen to glucose, occurring 
in liver, 
(iii) Gluconeogenesis is the process of synthesis of glucose or glycogen from 
non-carbohydrates like protein (amino acid), fat (glycerol) lactic acid erc. 


(b) Glycogen + Pi 


| Phosphorylase and Debranching enzyme 


Glucose-|-phosphate 
Phosphoglucomutase 
Glucose-6-phosphate 
+ H20 | Glucose-6-phosphatase 
Glucose + Pi 


What is diabetes mellitus ? [J.E.E. 1998] 
Diabetes mellitus is a pathological condition of disorderd carbohydrate 
metabolism caused by deficiency of insulin secretion and is characterized by 
hyperglycemia (rise of blood sugar level) and glycosuria (presence of sugar in 
urine). 
(a) What is the main difference between liver bile and gall bladder bile in 
the content of water and bicarbonate ? (b) What is the response of gall 
bladder to a fatty meal ? Name the hormone which mediates such response. 
[J.E.E. 1998] 
(a) Liver bile contains more water and less bicarbonate than gall bladder bile, 
(b) Fatty meal increases the output of bile from gall bladder by causing 
contraction of gall bladder. This response is mediated by the hormone 
cholecystokinin - pancreozymin (or CCK - PZ). 
Give an example of mixed gland and an unicellular gland. IJ. E. E. 1998] 
Mixed gland — Pancreas ; Unicellular gland - Goblet cell. 
(a) What are the end products of glycolysis ? [J.E.E. 1985 ; 94; 97 
(b) Why Krebs cycle is known as TCA cycle ? IJ. E. E. 1990, 94, 97 
(a) Pyruvie acid, NADH), ATP and H30. 
(b) Krebs cycle is also known as TCA (tricarboxylic acid) cycle because the 
products of its first three steps are tricarboxylic acids (i e, acids having three 
~ COOH groups) namely citric acid, cis-aconitic acid and isocitric acid. 
(a) Name the inorganic ion present in the pancreatic juice that neutralizes 
the chyme. (b) What are the functions of-(i) Castle’s intrinsic factor, (ii) 
Crypts of Lieberkuhn ? (e) Name the proteolytic enzyme present in gastric 
juice and state its action. (d) Name the particular cells of gastric gland 
which secrete the following-(i) HCI, (ii) Pepsin, (iii) Mucin. [J.E.E. 1997] 
(a) Bicarbonate. 
(b) (i) Castle's intrinsic factor of gastric juice helps in absorption of vitamin 
Bj of food, failure of which causes pernicious anemia. 
(ii) Crypts of Lieberkuhn secretes intestinal juice (succus entericus) which helps 
in digestion of food in the small intestine. 
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(e) Name = Pepsin, Action — (i) It is an endopeptidase which acts in acidic 
medium of stomach and hydrolyzes proteins into small polypeptides (proteoses 
and peptones), (ii) Curdles milk to facilitate its digestion, (iii) Activates 


pepsinogen. 
(d) (i) Oxyntic (or parietal) cells: (ii) Peptic (or chief) cells; (iii) Mucous cells, 
Name any two chief proteins of milk. J. E. E. 1997] 


Caseinogen and Lactalbumin or Lactglobulin. 

What are the two key enzymes involved in (i) glucose — glycogen and 

(ii) glycogen — glucose conversion ? [J.E.E. 1997 
(i) Glycogen synthase, (ii) Phosphorylase, 

(a) Name the end products of protein digestion, (b) Enumerate the essential 
amino acids. J. E. E. 1996} 


s. (a) Amino acids. 


(b) Lysine, Leucine, Isoleucine, Valine, Methionine, Tryptophan, Phenyl alanine. 
Threonine. 
What is the difference between trypsin and trypsinogen ? 

IJ. E. E. 1996, 97 


. Trypsin is an endopeptidase which acts in alkaline medium of small intestine 


and hydrolyzes proteins to proteoses and peptones. 

Trypsinogen is the inactive precursor of trypsin which is secreted in the 

pancreatic juice and activated in the small intestine by the enzyme enterokinase 

of intestinal juice. 

State the form in which carbohydrate is stored in liver and muscle? 
[J.E.E. 1996] 

Carbohydrate is stored in both liver and muscle as glycogen. 

Where are the enzymes of glycolysis and TCA cycle located ? (b) Why 

should the reactions of TCA cycle stop in absence of oxygen ? (e) How 

many ATP molecules will be generated during complete oxidation of 

fructose ~ 1, 6-bisphosphate ? J. E. E. 1996) 

(a) Glycolysis - Cytoplasm or cytosol ; TCA cycle ~ Mitochondria. 

(b) In some reactions of TCA cycle, NAD and FAD are required as carriers of 

2H atoms and they become reduced to NADH) and FADH), These reduced 2H 

carriers are oxidized by Oz in the process of terminal respiration (or electron 

transport system) to regenerate NAD and FAD. Absence of On will stop the 

process of regeneration of NAD and FAD and in the absence of these 2H carriers, 

the reactions the TCA cycle will not occur. 

(c) 40 ATP molecules. 

(a) What is saliva ? (b) State its source. (c) Mention the enzymes in saliva. 

(d) Is thre any bacteriolytic action of saliva ? If so, state how it is done ? 
JE. F. 1996] 


„ (a) See answer to Q. 15 (a). 


(b) Serous, mucous and mixied alveoli of salivary glands. 

(e) Ptyalin (amylase), Maltase (traces) and Lysozyme (traces), 

(d) Yes, the saliva is bacteriolytic because of the presence of lysozyme in it, 
which kills bacteria by hydrolyzing the bacterial cell wall. 
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Explain the following : (a) Protein can be digested in the absence of HCI 

and pepsin. (b) Damage of parietal cells can cause anemia. (c) Disease of 

pancreas may be associated with bulky stool. IJ. E. E. 1995] 

(a) In absence of HCI and pepsin, protein can be digested by pancreatic trypsin 

and chymotrypsin and the erepsin (or peptidases) of intestinal juice. 

(b) Damage of parietal cells of stomach causes deficiency of Castle’s intrinsic 

factor which impairs absorption of Vitamin B jọ and produces pernicious anemia. 

(c) In disease of pancreas, due to deficiency of pancreatic trypsin, lipase and 

amylase, the food will not be properly digested and absorbed causing bulky 

stool. 

(a) What is nitrogen balance ? (b) What is the source of uric acid in our 

body ? (c) Name the disease in which the level of uric acid in blood is 

raised. (d) Name three essential amino acids and three essential fatty acids. 
IJ. E. E. 1995] 

(a) Nitrogen balance denotes the difference between dietary nitrogen intake 

and excretion of nitrogen in urine and feces. Normal nitrogen balance means a 

state of equilibrium of nitrogen metabolism in the body in which the intake and 

excretion of nitrogen are equal. When the intake exceeds the output, it is positive 

nitrogen balance and when the output exceeds the intake, it is negative nitrogen 

balance. 

(b) Nucleic acid. (c) Gout. 3 

(d) Essential amino acids—See answer to Q-29 (b). 

Essential fatty acids — Linoleic acid, Linolenic acid and arachidonic acid. 

(a) Why glucose is not obtained from muscle glycogen ? (b) What are the 

products of digestion of (i) sucrose, (ii) maltose 2 (e) Name two types of 

movements of small intestine. [J.E.E. 1995] 

(a) In muscles, glucose is not obtained from glycogen by the process of 

glycogenolysis because muscles do not contain the enzyme glucose-6- 

phosphatase. 

(b) Sucrose Glucose A Fructose. 

Maltose — Glucose + Glucose. 

(c) Rhythmic segmentation and peristalsis. 

(a) What is bile ? (b) How does gall bladder bile differ from hepatic bile ? 

(e) Name the chief constituents of bile. (d) What does the word choleretic 

mean ? 7 [J.E.E. 1995] 

(a) Bile is a complex fluid secreted continuously by the liver and is stored and 

modified in gall bladder. 

(b) Gall bladder bile is 5 — 10 times more concentrated and rich in mucous in 

comparison to hepatic bile. 

(c) Bile salts, bile pigments, cholesterol, lecithin, bicarbonate, mucin and water. 

(d) Choleretic means a substance which augments the flow of bile from liver 

without changing its composition. Examples — bile salts, secretin. 

(a) What is chemical digestion ? (b) State briefly how the following enzymes 

are activated in the alimentary canal : (i) Chymotrypsin, (ii) 

Carboxypeptidase, (iii) Pepsin, (iv) Renin, (v) Trypsin. I. E. E. 1995] 

(a) Chemical digestion is a process of hydrolysis in which breakdown of large 
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molecules into simpler forms is achieved by addition of water and it is speeded 
up by different enzymes present in the alimentary canal. 
(b) (i) By trypsin. (ii) By trypsin. (iii) By HCI and active pepsin itself. (iv) By 
HCI. (v) By enterokinase and active trypsin itself. 
(a) What is the number of amino acids ina dipeptide ? (b) Where is erepsin 
present ? [J.E.E, 1995] 
(a) Two. (b) Intestinal juice. á 
(a) Where does glycolysis occur ? (b) Where does Kerbs cycle occur ? (c) 
How many ATP molecules are produced from a glucose molecule during 
Krebs cycle ? [J.E.E. 1994] 
(a) Cytosol or cytoplasm. (b) Mitochondria. 
(e) Strictly speaking 2 ATP molecules by substrate level phosphorylation. But 
if the reoxidation of NADH; and FADH; in ETS is also taken into account, 24 
ATP molecules are produced. j 
(a) What is acid chyme ? (b) What is emulsification ? (e) What are the 
types of teeth in man according to position in the gum ? [J.E.E. 1994] 
(a) See answer to Q-2. 
(b) Emulsification is a physical process in which emulsoids are dispersed in a 
lyophilic solvent. It helps to increase the surface area by reducing the surface 
tension. 
Example — Bile salts help to split fat globules in the duodenum forming an 
emulsion with chyme. 
(c) Molar, Premolar, Canine, Incisor. 
In normal condition, why glucose is not excreted through urine ? 

IJ. E. E. 1993] 
In normal condition, glucose is not excreted in urine because — (i) due to presence 
of insulin glucose is converted to glycogen by glycogenesis, (ii) glucose is 
oxidised and (iii) the amount of glucose filtered in Bowman’s capsule is totally 
reabsorbed from the renal tubules. 8 
(a) Mention the names of the chief proteins of milk. (b) How does milk 
coagulate ? (e) What is the name of the product of milk coagulation ? (d) 
Why milk is not considered as a complete food for adults ? (e) What is 
curd ? [J-E.E. 1993] 
(a) See answer to Q-27. 
(b) Milk is coagulated by the action of the enzyme pepsin or rennin. 
(c) Calcium paracaseinate. 
(d) Milk is not considered as a complete food for adults because it is deficient 
in iron, copper and vitamin C. s 
(e) When the bacteria Lactobacillus caseiis allowed to grow in milk, it produces 
lactic acid by fermentation of lactose. The lactic acid renders the soluble protein 
of milk, casein, insoluble and the milk curdles. 
(a) What will you obtain on hydrolysis of fat ? (b) What are ketone bodies? 
Where are they formed ? (c) What is ketosis and ketonuria ?[J.E.E. 1993] 
(a) Glycerol and fatty acids. 
(b) Acetoacetic acid, B-hydroxy butyric acid and acetone are called ketone 
bodies. They are formed in liver. 


944 


[45] 


Ans. 


[46] 
Ans. 


[47] 


Ans. 


[48] 


A TEXT BOOK OF BIOLOGY 


(e) Ketosis means over production of ketone bodies leading to elevation of 

their blood and urinary levels. Ketonuria means presence of ketone bodies in 

high concentrations in urine. 

Mention the steps of glycogen synthesis from glucose. [J.E.E. 1993] 

Hexokinase Phosphoglucomutase 
Glucose————-> Glucose 6 phosphate Glucose 1 phosphate 
UDPG pyrophosphorylase 
Glycogen e UDP Glucose 
Branching enzyme 

Give two important functions of saliva. [J.E.E. 1993] 

Functions of saliva- (i) It helps in digestion of starch due to presence of ptyalin 

(amylase) in it. (ii) It has bactericidal effects because of the lysozyme present in 

it. (iii) It helps in taste sensation, chewing, deglutition and speech. (Mention 

any two). 

(a) How many high energy bond phosphates are there in 1 mol of ATP ? 

(b) How many mols of ATP are generated When 1 mole of glucose is 

completely oxidised (through aerobic system) ? 

(c) What is (i) Glycogenolysis, (ii) Glycolysis ? [J.E.E. 1992] 

(a) In each mole of ATP there are 2 high energy bond phosphates (~ P). Its 

terminal and the next (i. e., the last two) phosphate bonds are high energy bonds. 

(b) 38 ATP. i 

(e) (i) Glycogenolysis - See answer to Q-21 (a) (ii). 

(ii) Glycolysis is process of anaerobic breakdown of glucose or glycogen or - 

any other sugar to pyruvic acid or lactic acid. 

(a) In which form energy is stored in liver and muscle ? (b) The oxidation 

of fat releases about — kilo calories per gm, whereas the oxidation of 

carbohydrates or proteins releases about — kilo calories per gm. (c) What 

type of digestion is taking place within digestive tract? IJ. E. E. 1992] 

(a) In liver —glycogen ; In muscle — glycogen and fat. 

(b) 9, 4. (c) Extra-cellular digestion. 

(a) What is basal metabolic rate ? (b) What is its normal value ? (c) When 

is it increased or decreased ? [J.E.E. 1995] 

(a) and (b) -See answer to Q-14 (a, b). 

(c) BMR is increased in hyperthyroidism, fever, leukemia, polycythemia etc. 

BMR is decreased in hypothyroidism, malnutrition, fasting, obesity, old age 

etc. Š 

Name the nutrients carried by the hepatic portal system. IJ. E. E. 1992] 

Glucose and other sugars, amino acids, glycerol, water soluble vitamins and 

minerals. 

Name the coenzyme of amino acid oxidases required for oxidative 

deamination. IJ. E. E. 2001] 

FAD or Flavin adenine dinucleotide, 

(a) What is a goblet cell ? (b) Name two systems of our body where it is 

found ? 5 [J.E.E. 1992] 

(a) Goblet cell is a mucus secreting columnar epithelidl cell having the shape of 

wine glass. It is considered as an unicellular mucus secreting gland. 
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(b) Goblet cell is found in the gastro-intestinal system (mainly in the large 
intestine) and respiratory system (trachea). 

[53] (a) Where the following substances are stored in our body ? (i) glycogen, 
(ii) Vit. A. IJ. E. E. 1995] 

Ans. (i) Glycogen - in liver and muscle. 
(ii) Vit. A in liver. 

[54] (a) Name two important types of cells of gastric glands. What are the 
function of those cells ? (b) State how the ingested protein is completely 
digested. IJ. E. E. 1991] 


Ans. (a) Name the cell FE 


(i) Peptic cell or Chief cell. Secretion of the proteolytic enzyme 
pepsin. 

(ii) Parietal cell or Oxyntic cell} Secretion of HCI and Castle’s intrinsic 
factor. 


(b) Ingested protein is completely digested by the combined action of the 
proteolytic enzymes present in gastric, pancreatic and intestinal juices. It begins 
in the stomach and is completed in the small intestine. 
In the stomach—Protein is converted to small polypeptides (peptones and 
proteoses) by the action of pepsin and HCl. 
In the small intestine— Trypsin and chymotrypsin of pancreatic juice convert 
the protein and polypeptides to smaller peptides. Then carboxypeptidase of 
pancreatic juice and aminopeptidase of intestinal juice convert small peptides 
to tri-and di-peptides that are finally hydrolyzed into amino acids by the tri- 
and di-peptidases of intestinal juice. 

[55] (a) What will happen when bile cannot enter into the duodenum due to 
obstruction ? IJ. E. E. 1991] 

Ans. Due to an obstruction, if bile cannot enter into the duodenum it will accumulate 
within gall bladder and biliary passages. This inturn will prevent formation of 
bile and thus reduced excretion of bile pigments (bilirubin and biliverdin) from 
blood, ultimately leading to increased blood level of bile pigments and jaundice. 
This type of jaundice is called obstructive jaundice. The obstruction will have 
to be removed surgically. 

[56] Name the constituents of saliva. State one function of each constituent. 


[J.E.E. 1991] 


(i) Ptyalin or salivary amylase. It digests starch, glycogen and 


Ans. 


dextrin. 
(ii) Maltase. It digests maltose and maltotriose. 
(iii) Lysozyme. It kills bacteria and helps in keeping 


the mouth free from bacteria. 


(iv) Mucus. It acts as a lubricant and helps in 
swallowing. 
(v) Water. Helps in solubilizing food 
constituents for taste sensation. 
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Distinguish between trace element and tracer element. [J-E.E. 1991] 
Trace elements are essential elements that are required in the body in minute 
quantities (Le., in traces). Tracer elements are stable or radioactive isotopes 
that are used to trace biochemical pathways. 
(a) Is milk an ideal food ? Why ? (b) What is the hardest structure in our 
body ? What type of tissue is it ? [J.E.E. 1991] 
(a) Yes, milk is considered as an ideal food because it is the only natural food 
which contains more or less all the nutrients in a balanced proportion and in 
easily digestible forms. 
(b) Enamel of teeth is the hardest structure of our body. It is a modified epithelial 
tissue of ectodermal origin. 
What do you understand by essential amino acid and essential fatty acid ? 
Give an example of each. [J.E.E. 1990] 
Essential amino acids are those amino acids that must be supplied through 
diet because they are not synthesized in our body. Example—Lysine. 
Essential fatty acids are those polyunsaturated fatty acids which are not 
synthesized in the body but they are essentially required for normal growth and 
hence they must be supplied through diet. Example-Linoleic acid. 
Where are oxyntic cells found and what is the function of these cells ? 
IJ. E. E. 1990] 
Oxyntic cells are found in stomach. They secrete HCI and Castle’s intrinsic 
factor. 
Give an account of the composition of pancreatic juice and mention the 
functions of the enzymes present in it. [J.E.E. 1990] 
Composition of pancreatic juice: It is an alkaline, watery, fluid. It contains 
water 98.5% ; Inorganic salts-1% (bicarbonates and chlorides of Na and K) and 
Organic substances—0.5% (enzymes-trypsin, chymotrypsin, carboxypeptidase, 
lipase or steapsin, phospholipase, cholesterol esterase, nucleases and amylopsin 
or pancreatic amylase). 
Functions of the enzymes : 
(i) Trypsin hydrolyzes proteins into peptides and amino acids. It also activates 
other pancreatic enzymes. 
(ii) Chymotrypsin hydrolyzes proteins into peptides and amino acids. It can 
also coagulate milk. 
(iii) Carboxypeptidase splits the C-terminal amino acids of these peptides. 
(iv) Lipase or stéapsin hydrolyzes fats into glycerol, fatty acids and 
monoglycerides. 
(v) Phospholipase and cholesterol esterases digest phospholipids and cholesterol 
esters. L 
(vi) Nucleases hydrolyze nucleic acids (RNA and DNA) into nucleotides. 
(vii) Amylopsin or pancreatic amylase digests starch, glycogen and dextrin. 
(a) What is milk ? (b) Write the approximate composition of cows’ milk. 
(c) What are the main differences in composition of cow’s milk and human 
milk ? IJ. E. E. 1989] 
(a) Milk is a fluid secreted by the mammary glands of the female mammals for 
feeding the newborn. 


[63] 


Ans. 


[64] 


Ans. 


[65] 


Ans. 


[66] 


Ans. 
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(b) Cow’s milk contains approximately 87.5% water, 3.2 g % protein, 4.5 8% 
carbohydrate and 4.1 g% fat. 
(c) Human milk contains less protein and fat but more carbohydrate than cow’s 
milk. 
(a) What is the most important monosaccharide present in blood ? (b) How 
much of it is present in fasting normal blood? (c) Name three disaccharides 
and write the different monosaccharides present in each of them. 

[J.E.E. 1988] 
(a) Glucose. (b) 80 - 100 mg glucose/100 ml blood. 


(c) Disaccharide Monosaccharides present 

(i) Maltose vs sae Glucose + Glucose 

(ii) Lactose aN Glucose + Galactose 

(iii) Sucrose . „ gusi Glucose Fructose 

(a) Write the composition of bile. (b) Explain how bile helps in digestion of 

food. [J. E. E. 1988] 
Or 

(a) Mention the composition of bile. (b) Describe briefly the role of bile in 

digestion of food. [J. E. E. 1992, 97 


(a) Bile is a slightly alkaline juice having a bitter taste and golden-yellow or 

greenish colour. It contains water, inorganic salts like bicarbonates and chlorides 

of Na and K and organic matters like bile salts (sodium taurocholate and sodium 

glycocholate), bile pigments (bilirubin and biliverdin), cholesterol, lecithins, 

mucin etc, 

(b) Bile does not contain any digestive enzyme ; yet it helps in digestion of fat 

due to the presence of bile salts in it. Bile salts facilitate the action of pancreatic 

and intestinal lipases by — (i) emulsifying the dietary fat to small droplets and 

(ii) activating the lipases.’ Moreover, the bicarbonate of bile helps to neutralize 

the gastric HCl and keeps the medium of intestine neutral or slightly alkaline so 

that the enzymes of pancreatic and intestinal juices may act. 

(a) What are Kupffer cells ? Describe their functions, (b) Name two glands 

in the human body which have both endocrine and exocrine functions. 
IJ. E. E. 1987] 

(a) Kupffer cells are reticulo- endothelial (RE) cells found in liver, lining the 

sinusoids. 

Functions : 

(i) Phagocytosis of bacteria that have entered the hepatic portal blood from the 

intestine. 

(ii) Degradation of senile and defunct red blood cells. 

(b) Pancreas, stomach, small intestine (any two). 

(a) Mention the organic components of gastric juice in human body. 

(b) What is the cause for the movements of stomach ? [J.E.E. 1987] 

(a) Pepsin, Gelatinase, Cathepsin, Gastric lipase, Mucin, Castles’s intrinsic factor 

etc. 

(b) Basal electrical rhythm of the nerve p 2xuses and musculature of the stomach 

wall is the cause of movement of stom ich which is helped by the hormone 

gastrin. 
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Discuss the formation and fate of micelles and chylomicron in fat absorption 
from intestine. [J.E.E. 1987] 
Micelles : A part of fat hydrolyzed to monoglycerides and fatty acids jointly 
with cholesterol and fat soluble vitamins form water soluble molecular 
aggregates called micelles by the action of bile salts. These micelles are absorbed 
through the microvillus membrane of intestinal epithelial cells. The bile salts 
become separated and are expelled into the lumen of the intestine for being 
reused, 

Chylomicron : Monoglycerides and fatty acids absorbed as micelles are used 
by the intestinal cells to synthesize triglycerides and phospholipids. Hydrophobic 
and water insoluble triglycerides are covered with a layer of hydrophilic 
phospholipid, cholesterol and protein to form chylomicrons which enter the 
lacteal and come into the lymphatic circulation. 


What do you mean by beta (g) oxidation of fatty acid? What is its product? 

IJ. E. E. 1987] 
Br oxidation is the preliminary pathway of fatty acid catabolism in which the B- 
carbon of the fatty acid (i.e., the third carbon from the carboxyl end) is oxidized. 
Products : Fatty acid shorter by two carbon atoms and acetyl CoA, 


(a) What are the products of fat digestion ? (b) From which part of 
alimentary canal products of fat digestion are absorbed ? IJ. E. E. 1986] 
(a) Fatty acid, Glycerol, Monoglyceride and Diglyceride. 

(b) Products of fat digestion are absorbed from lower part of duodenum, jejunum 
and upper ileum. The products are absorbed by the mucosal cells of the intestinal 
villi from where the glycerol passes into the blood of hepatic portal vein and 
the remaining products pass into the lymph of lacteal in the form of chylomicron. 


(a) What are glucose and sucrose ? (b) How starch is digested and absorbed? 
[J-E.E. 1986] 
(a) Glucose is an aldohexose type of monosaccharide (CHO). Sucrose is a 
non-reducing disaccharide (C 4H 40})) containing one molecule each of glucose 
and fructose. 
(b) Starch is digested by salivary, pancreatic and intestinal amylases upto maltose, 
maltotriose and isomaltose, etc. Maltose and maltotriose are finally digested by 
the intestinal enzyme maltase to form glucose. Isomaltose is digested by the 
intestinal enzyme isomaltase to form glucose. Glucose is then absorbed actively 
from the villi of small intestine by a ‘carrier mediated sodium cotransport 
mechanism,’ passes into blood of portal vein and carried to the liver. 


How milk is digested in the gastro-intestinal tract of man 2 IJ. E. E. 1985] 
Milk contains proteins (mainly caseinogen, lactalbumin and lactglobulin), fat 
(cream) and the disaccharide lactose. Since, saliva contains no enzyme for 
digesting these constituents, milk is not digested in mouth. Digestion of milk 
begins in the stomach and is completed in the small intestine. 

The milk proteins are digested completely to amino acids by the combined 
action of several enzymes namely-(i) pepsin of gastric juice, (ii) trypsin, 
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Ans. 
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chymotrypsin and carboxypeptidase of pancreatic juice and (iii) aminopeptidase, 
tripeptidase and dipeptidase of intestinal juice. The pepsin coagulates the soluble 
protein caseinogen into insoluble calcium paracaseinate so that it is acted upon 
better by the enzymes: Pepsin, trypsin and chymotrypsin are endopeptidases 
that split the proteins into gadually smaller peptides (peptones and proteoses). 
Then from these peptides, the carboxy and amino terminal amino acids are 
choped off repeatedly by the action of carboxypeptidase and aminopeptidase 
respectively until the peptide chains are reduced to tri-or di-peptides that are 
finally broken into amino acids by tripeptidase and dipeptidase. 

The milk fat is digested by lipases of pancreatic and intestinal juices into fatty 
acid and glycerol in the small intestine. 

The milk sugar lactose is hydrolyzed by the intestinal enzyme lactase into 
glucose and galactose. 


(a) Describe the action of dipeptidase and arginase. (b) Name the 
tricarboxylic acids present in TCA cycle. [J.E.E. 1983] 
(a) Dipeptidase is an intestinal digestive enzyme which hydrolyses a dipeptide 
(two amino acid connected by a peptide bond) to liberate the two amino acids 
and completes the digestion of proteins. 

Arginase is an enzyme of urea cycle, found in liver, which hydrolyses arginine 
into ornithine and urea. 

(b) Citric acid, Cis-aconitic acid and Isocitric acid. 


Enumerate the proteolytic enzymes found in the alimentary canal of man. 
[J.E.E. 1983 ; Tripura H.S. 1992] 
Pepsin, gelatinase and cathepsin in gastric juice; trypsin, chymotrypsin, elastase, 
collagenase and carboxypeptidase in pancreatic juice and aminopeptidase, 
tripeptidase and dipeptidase in intestinal juice. 
Describe the role of gastric juice in digestion of protein. H. S. 2000] 
Gastric juice of man contains proteolytic enzymes like pepsin, cathepsin and 
gelatinase that remain active in acidic medium caused by the HCI present in it. 
HCI converts the proteins to acid metaproteins which are acted upon by the 
proteolytic enzymes. The gastric proteolytic enzymes are endopeptidases that 
hydrolyze the inner peptide bonds of the proteins and convert them into gradually 
smaller peptides (peptones and proteoses). Pepsin and cathepsin act on all 
proteins whereas gelatinase acts preferentially on gelatin. Pepsin also curdles 
milk to facilitate the digestion of milk proteins. In calves, another enzyme called 
rennin is present which helps in curdling of milk ; this enzyme is not found in 
man. 
In alimentary canal, where is fat digested ? (HLS. 1999] 


In the small intestine, i 


(a) Where is bile formed ? (b) What is the function of bile ? IJ. E. E. 1999] 
(a) Bile is formed in liver and stored as well as modified in the gall bladder. 
(b) Bile helps in (i) neutralization of chyme, (ii) digestion and absorption of fat, 
(iii) excretion of certain metabolites, drugs and toxins, (iv) lubrication of 
intestinal contents and defecation. 
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Give an account of the role of bile in fat digestion and absorption. 
„III. S. 1995] 
Bile helps in digestion and absorption of fat by virtue of the bile salts present in 
it. The bile salts emulsify the dietary fat into small droplets and probably activate 
the lipases to facilitate digestion of fat. The fat digestion products like 
monoglycerides and fatty acids as well as cholesterol and fat soluble vitamins 
cannot be absorbed as such by the intestinal mucosal cells. For this, the bile 
salts assemble these substances and form water soluble molecular aggregates 
called micelles that can easily pass into the mucosal cells. 
What will be the RQ if the respiratory substrate is protein and fat ? 
[J.E.E. 1997] 
RQ for protein is about 0.8 ; RQ for fat is 0.7. 
What will be the RQ, when carbohydrate is converted to fat ? 
IJ. E. E. 1993] 
When carbohydrate is converted to fat. RQ will be greater than 1. 
(a) Mention the difference between nutrient and food. 
(b) Is vitamin a food ? State reasons for your answers [J.E.E. 1993] 
(a) Nutrient means a substance which helps in nutrition ie., provides energy 
or materials needed for growth, tissue repair and protection from diseases. 
Nutrients may be organic or inorganic substances, and are of six types— 
carbohydrate, protein, fat, vitamin, mineral and water. These are basic ingredients 
of food and an organism obtains its nutrients through the food. 
Food means a substance which on being ingested provides one or more 
nutrient(s), Examples are rice, wheat, roots and tubers, egg, milk, meat, fish 
etc., or materials prepared from these. 
(b) No, vitamin is not a food, rather it is a nutrient because it is an ingredient or 
constituent of food. 
Give two examples of each—reducing sugar and non-reducing sugar. 
Reducing sugar glucose, fructose, galactose, lactose and maltose, (any two) 
Non-reducing sugar—sucrose, raffinose. 
Name four polysaccharides mentioning their occurrence in nature. 


Name Occurrence 
e Rice, Wheat, Maize, Potato, Barley 
(ii) Glycogen Liver and Muscle of animals. 

(iii) Dextrin Honey. 

(iv) Cellulose i., Cell wall of plant cells. 


Which carbohydrate is called animal starch and why 2 

Glycogen is called animal starch. This is because glycogen is the form of 
carbohydrate in which glucose is stored in animal body, just like starch stored 
in plant organs. 

Name two acidic amino acids, two basic amino acids, two neutral amino 
acids and two S-containing amino acids. 

Acidic amino acids—Aspartic acid, glutamic acid. 

Basic amino acids—Lysine, Arginine. 

Neutral amino acids — Glycine, Alanine. 

S-containing amino acids — Cysteine, Methionine. 
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What is meant by (i) First class proteins, (ii) Second class protein? 
IJ. E. E. 1992] 

(i) First class (or complete) proteins are those proteins which contain adequate 

and balanced amounts of all the essential amino acids, Example—animal 

proteins. 

(ii) Second class (or incomplete) proteins are those proteins which are deficient 

in one or more essential amino acid(s). Example—plant proteins. 

Which of the following are not fatty acids ? 

(i) acetic acid, (ii) pyruvic acid, (iii) lactic acid, (iv) butyric acid. 

Pyruvic acid and lactic acid. 

What is the utility of adding fat to the diet ? IJ. E. E. 1991] 

Dietary fats (lipids) help in— 

(i) energy supply, (ii) supply of essential fatty acids and fat soluble vitamins, 

(ii) formation of cellular structures (lipoproteins), steroid hormones and bile 

salts. 

What is oil ? How does it differ from a fat ? IH. S. 1997] 

Oils are esters of glycerol with fatty acids (ile. glycerides) having low melting 

point so that they remain liquid at room temperature. Oil differs from a fat in 

that the latter is a high melting point glyceride which remains solid at room 

temperature. Oil contains small chain fatty acids while a fat contains longer 

chain fatty acids. 

(a) What are conjugated proteins ? Give an example of chromoprotein. (b) 

What is prosthetic group ? (c) Name one glycoprotein responsible for body 

immunity. (d) Why proteins possess amphoteric properties ? IJ. E. E. 1997 

(a) Conjugated proteins are complex proteins in which a simple protein remains 

combined with a non-protein organic or inorganic substance. Example— 

Hemoglobin or Rhodopsin. 

(b) The non-protein part of a conjugated protein is called prosthetic group. 

(c) Immunoglobulin is a glycoprotein which forms antibodies for body immunity. 

(d) Proteins possess amphoteric properties because they contain both free acidic 

(carboxyl) and basic (amino) groups at the ‘Cc’ and ‘N’ terminals of their 

polypeptide chains respectively. 

What is meant by neutral fat ? 

Neutral fat means triglyceride, a compound formed by esterification of the three 

basic hydroxyl (—OH), groups of a glycerol with three fatty acids. 

Choose the amino acids and fatty acids from the following—oleic acid, 

glutamic acid, propionic acid, aspartic acid, serine, stearic acid. 

Amino acids—glutamic acid, aspartic acid, serine. 

Fatty acids—oleic acid, propionic acid, stearic acid. 

Give two examples of each—(a) short chain fatty acids, (b) long chain fatty 

acids, (e) even carbon fatty acids, (d) odd carbon fatty acids, (e) unsaturated 

fatty acids and (f) branched chain fatty acids. 


(a) Acetic acid, Propionic acid. (b) Palmitic acid, Stearic acid. (e) Acetic acid, 


palmitic acid. (d) Propionic acid, Valeric acid. (e) Linoleic acid, Linolenic acid, 
(f) Isobutyric acid, Isoyaleric acid. 
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(a) Name the vitamins which belong to vitamin B-complex. (b) Why does 

vitamin A deficiency cause night blindness ? (c) What is hypervitaminosis? 
* IJ. E. E. 1997] 

(a) Thiamine (BI), Riboflavin (B2), Niacin, Pyridoxine (Bg), Pantothenic acid, 

Folic acid, Cyanocobalamin, Biotin etc. 

(b) Rod cells of retina contain a photopigment called rhodopsin which is 

responsible for night vision. Rhodopsin is made up of retinene which is 

synthesized from vitamin A. So, vitamin A deficiency causes impairment of 

rhodopsin synthesis and thereby night blindness. 

(c) When excess amount of a vitamin is ingested or administered for a prolonged 

period, certain ill effects are observed ; this is called hypervitaminosis. 

What will happen when vitamin K is deficient in diet 2 [J.E.E. 1991] 

or 

State what will happen in the absence of vitamin K in man 21J. E. E. 1996] 

In deficiency of vitamin K, the process of blood coagulation will be hampered 

leading to increase in clotting time anda tendency of spontaneous hemorrhage 

due to decrease in formation of prothrombin and other clotting factors. 

Write the clinical names of vitamins A, C, and D. 

Vitamin A—Axerophthol or Antixerophthalmic vitamin or Antinyctalopic 

vitamin. 

Vitamin C—Antiscorbutic vitamin. 

Vitamin D—Antirachitic vitamin. 

Give the scientific names of the following and mention the diseases produced 

by their deficiency. 


(a) Vit BI, (b) Vit Ba, (e) Vit Biz: (d) Vit. C. [J.E.E. 1995] 
Scientific name Deficiency disease 

ef Thiamine or Aneurine . Beriberi. 

(b) VitBy a. Riboflavin «+. Cheilosis ; Glossitis. 

(e) Mit Biz: Cyanocobalamin .... Pernicious anaemia. 

CO) Vie ue wate Ascorbic acid Scurvy. 


(a) Mention two vitamins which are synthesised in our body. (b) What are 
the dietary sources of vitamin BIZ? (e) Enumerate its functions in the 
body. IJ. E. E. 1992] 
(a) Vitamin D and Vitamin B complex. 
(b) Vitamin Big is found abundantly is animal products e.g., liver, meat, fish, 
egg, milk erc. It is not found in plants. 
(e) Functions of vitamin B}; : 
(i) Formation of nucleic acids. (ii) Required for protein synthesis and cell 
division. (iii) Formation and maturation of RBC, WBC and platelets. (iv) 
Prevents and cures pernicious anaemia. (v) Helps in metabolism. 
What are trace elements ? State the names of two trace elements, 

[J-E.E. 1996] 
Certain mineral elements are essential for proper nutrition of the body but they 
are required in traces (or minute quantities) only ; such elements are called 
trace elements or microelements. Name—Copper, Cobalt. 
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Deficiency of which mineral elements in the diet cause—(a) goitre, (b) 
anaemia, (c) rickets, (d) tetany and (e) fall of blood pressure ? 

(a) Goitre-lodine (I). 

(b) Anaemia-Iron (Fe), Copper (Cu), Cobalt (Co). 

(e) Rickets-Calcium (Ca), Phosphorus (P). 

(d) Tetany-Calcium (Ca), Magnesium (Mg). 

(e) Fall of blood pressure Sodium (Na), Chlorine (Cl). 

What is the childhood metabolic bone disease associated with Vit. D 
deficiency ? (b) What is its adult counterpart T [J.E.E. 1998] 
(a) Rickets (b) Osteomalacia. 

Which of the following are obtained from plants and which from animals? 
(i) lactose, (ii) sucrose, (iii) starch, (iv) glycogen, (v) ovoalbumin and 
(vi) dietary fibres. 

From plants—sucrose, starch, dietary fibres. 

From animals—lactose, glycogen, ovoalbumin. 

Why beriberi is prevented by inclusion of (a) unmilled raw rice or 
(b) parboiled rice in diet 2 

(a) The outer brown coat of unmilled raw rice contains vitamin By (thiamine) ; 
hence, it prevents beriberi which is a thiamine deficiency disease. 

(b) Parboiled rice is rich in vitamin Bi because during parboiling the water 
soluble vitamins present in its outer coat penetrate into deeper layers. So, 
inclusion of parboiled rice prevents beriberi. 

Explain the terms—calorific value of food, physiological fuel value of food 
and calorigenic action of food. 

Calorific value of a food is the amount of heat produced on complete combustion 
of one gram of the food in a calorimeter. The calorific values for carbohydrate, 
protein and fat are 4.1 kcal/g, 5.65 kcal/g and 9.45 kcal/g respectively. 
Physiological fuel (or energy) value of a food is the amount of energy (kcal) 
obtained from oxidation of one gram of a food in the body. The physiological 
fuel values of carbohydrate, protein and fat are about 4, 4 and 9 kcal / gram 
respectively. These are slightly less than the corresponding calorific values 
because the food may not be completely absorbed and oxidized (e. g, the 
nitrogenous part of protein is excreted as urea. 

Calorigenic action (or specific dynamic action) of food is the additional heat 
production above the BMR due to food intake. Carbohydrates, proteins and 
fats increase heat production by 6%, 30% and 4% respectively. 

Name the foodstuffs, of plant origin, containing highest percentage of — 
(i) carbohydrate (ii) protein and (iii) lipid. 

(i) Cane sugar. (ii) Soyabean. (iii) Vegetable oils. 

Why honey is fed to the infants 2 

In newborn infants, like other systems, the digestive system is also not fully 
developed and functional ; so, they cannot digest complex carbohydrates. Honey 
is a very nutritious material for infants because it is rich in monosaccharides 
like glucose and fructose which do not require digestion for being absorbed. 
How would you cure rickets without feeding or administering anything to 
the patient ? 

Rickets is caused by deficiency of vitamin D in children. It can be cured by 
exposure of the patient to sunlight everyday for a few hours which causes 
synthesis of vitamin-D in the skin. 
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Why sprouted legume-seeds are nutritionally better than pulses ? 

Pulses contain vitamin B-complex but since, they are usually consumed after 
cooking, their vitamin B content is to some extent reduced. On the other hand, 
the sprouted legume seeds retain the vitamin B complex because they are usually 
consumed uncooked. Moreover, the sprouted legume seeds are rich in vitamins 
A and C that are not found in pulses. 

Is any oligosaccharide present in blood ? If so give an example. 

Yes, oligosaccharide is present in blood. 

Example—blood group antigens present in the RBC-membrane are complex 
oligosaccharides. 

Mention the components of gastric juice. 

Gastric juice is a strongly acidic juice. It contains water (99.4%); inorganic 
materials (HCI acid and some salts) and organic matters (enzymes like pepsin, 
cathepsin and gelatinase ; mucin and Castle’s intrinsic factor). 

What are (i) crypts of lieberkukin and (ii) teniae coli ? 

(i) Crypts of Lieberkuhn are simple tubular gland found in the mucous layer 
of small intestine mainly and also in large intestine: These are also called 
intestinal glands which secrete the intestinal juice. 

(ii) In caecum and colon of large intestine, the longitudinal muscles become 
specially thickened and form three conspicuous longitudinal bands ; these are 
called teniae coli. 3 

Give the dental formula of milk teeth and permanent teeth of man. 


i e 1˙7 0˙ * 2 


Permanent teeth: i 4 pein pm Lyme 

adh Shook a tocar aac 
How would you distinguish between the three types of salivary glands 
histologically ? 
The three types of salivary glands are~parotid gland, submaxillary (or 
submandibular) gland and sublingual gland. The parotid gland is a serous gland 
containing only serous acini. The submaxillary and sublingual glands are mixed 
gland containing serous acini, mucous acini and afew mixed acini (ie, mucous 
acini with cap like serous demilune). But the submaxillaty gland shows 
preponderance of serous acini whereas in the sublingual gland, majority of the 
acini are either of mucous type or of mixed type. 
Where are the following found in our body ? 
(i) villi, (ii) lacteal, (iii) Kupffer cells, (iv) Peyer’s patch, (v) Brunner’s gland, 
(yi) teniae coli, (vii) glands of Ebner, (viii) plica circularis, (ix) chalice cells, 
(or goblet cell) (x) oxyntic cell. 
(i) Small intestine, (ii) Small intestine, (iii) Liver, (iv) Ileum. (v) Duodenum. 
(vi) Large intestine; (vii) Tongue, (viii) Small intestine, (ix) Large intestine, 
trachea (x) Stomach. 
What are endopeptidases and exopeptidases ? Give examples. 
Endopeptidases are proteolytic enzymes (i.e., peptidases) that hydrolyze only 
the inner peptide bonds of the proteins or peptide chains. 
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Example : Pepsin, trypsin, chymotrypsin etc. 
Exopeptidase are proteolytic enzymes that split only the terminal amino acids 
of a peptide chain. 
Example: Carboxypeptidase (which splits the c-terminal amino acid ofia peptide 
chain) and aminopeptidase (which splits the N-terminal amino acid of a peptide 
chain). 
What is enterokinase (or enteropeptidase) ? Why is it called enzyme of 
enzyme ? 
Enterokinase or enteropeptidase is an endopeptidase of intestinal juice. It is 
also called enzyme of enzyme because it is not directly concerned with hydrolysis 
of dietary proteins and it helps in protein digestion indirectly by activating the 
inactive trypsinogen to trypsin, the chief proteolytic enzyme of pancreatic juice. 
Where are the following enzymes found ? 
(i) steapsin, (ii) rennin, (iii) lysozyme, (iv) ptyalin, (v) chymotrypsin, 
(vi) carboxypeptidase, (vii) pepsin, (viii) isomaltase, (ix) glycogen synthase, 
(x) sucrase. 
(i) Pancreatic juice, (ii) Gastric juice of calves, (iii) Saliva, tear etc. (iv) Saliva, 
(v) & (vi) Pancreatic juice, (vii) Gastric juice, (viii) Intestinal juice, (ix) Liver 
and muscles, (x) Intestinal juice. 
How the gastric HCI helps in digestion ? 
Role of gastric HCI in digestion : 
(i) It lowers the gastric pH below 2 to activate pepsinogen to pepsin. 
(ii) It maintains the gastric pH very low ie., strongly acidic for maximum peptic 
activity. 
(iii) It denatures the native proteins to acid metaproteins by uncoiling the peptide 
chains ; this facilitates the action of pepsin on proteins. 
(iv) It may hydrolyze sucrose to some extent. 
Why the stomach is not self digested ? 

. or 
How the gastric mucosa is protected from the corrosive proteolytic action 
of HCI and pepsin of gastric juice 2 
The gastric mucosa is protected from self digesting action of gastric juice due 
to the following factors: 
(i) The soluble mucin of gastric juice combines with gastric HCI to neutralize it 
to some extent by forming less ionizable complexes. 
(ii) The insoluble mucin forms a thick covering layer on the mucosal surface 
and provides a mechanical barrier so that the gastric juice (HCl and pepsin) 
cannot come in direct contact with the mucosal lining. 
Gii) The mucosal cell membrane is impermeable to HCl and pepsin. 
(iv) Pepsin remains within the mucosal cells in its inactive form pepsinogen 
which is activated to pepsin after the pepsinogen is secreted into the gastric 
cavity. The HCI is also not formed within the gastric mucosal cells ; itis formed 
in the gastric cavity after the H+ and Clr ions are secreted indiyidually. 
What are chyme and chyle ? : 
The semiliquid form of acid mixed and partially digested food matters present 
in stomach is called chyme. The lymph present in the lacteals during absorption 
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is called chyle because it looks milky white due to the presence of chylomicrons 
in it. 

What are rennin and renin ? 

Rennin is a proteolytic enzyme found in the gastric juice of calves (but not in 
humans) ; it helps in curdling of milk in the stomach. Renin is a proteolytic 
enzyme secreted by the juxtaglomerular apparatus of kidney into the blood ; it 
helps in formation of angiotensin in blood. 

Why the colour of the stool is yellowish ? 

The colour of the stool is yellowish due to the presence of stercobilinogen, a 
yellow pigment derived from oxidation of bilirubin (bile pigment). 

Why bile is considered as a product of secretion as well as excretion of 
liver ? 

Bile is considered as a product of secretion as well as excretion of liver because 
it contains certain functionally important materials like bicarbonate, bile salts 
etc., that are secreted by the liver as well as certain waste materials like bile 
pigments, cholesterol etc., that are excreted by the liver. 

What is antiperistalsis ? Where does it occur and for what purpose ? 
Antiperistalsis is a propulsive movement travelling in oral direction. It occurs 
mainly in small intestine (duodenum and last part of ileum) and colon of large 
intestine. It may also occur in stomach and oesophagus, The antiperistalsis of 
small-and large-intestine helps in delaying the passage of food through the 
intestine to give sufficient time for digestion and absorption. The antiperistalsis 
of stomach and oesophagus may help in vomiting. 

Why starchy food is not given to a child before the age of six months ? 
Starch is digested by the amylases of saliva, pancreatic juice and intestinal juice. 
Among these, the pancreatic amylase is most important because the action of 
salivary amylase is short lasting and the intestinal amylase is found in traces 
only. The pancreatic juice of infants upto the age of six months does not contain 
any amylase. This is why starchy food is not given to a child before the age of 
six months: 

Why chewing of rice flakes or bread gives a sweet taste ? 

Rice flakes and bread contain mainly starch which is a polysaccharide and 
tasteless. During chewing, the starch is acted upon by ptyalin or salivary amylase 
that hydrolyzes starch into maltose which is a sugar and hence gives a sweet 
taste. 

What is roughage ? or What are dietary fibres ? 

The term ‘roughage’ or ‘dietary fibres’ refers to the undigestible dietary 
macromolecular polysaccharides like cellulose, hemicellulose, pectin, lignin 
etc., obtained from bran, cereals, fruits and vegetables which constitute the 
unabsorbed bulk of fecal matter that distends the intestine and stimulates 
peristalsis for intestinal evacuation. So, their presence in diet is necessary to 
prevent constipation. 

(a) Why cellulose is not digested in humans ? (b) Why the amylases found 
in alimentary canal can digest starch but hot cellulose ? 

(a) Cellulose is not digested in human beings because no cellulose digesting 
enzyme is found in the human alimentary canal. Moreover, the polysaccharide 
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splitting enzymes, amylases, found in the alimentary canal of human beings 
cannot digest cellulose. 

(b) Both starch and cellulose are glucans i.e., polysaccharides made up of glucose 
units but they differ in chemical structure. In starch, a-glucose units are linked 
by 1, 4 glucosidic bonds while in cellulose, B-glucose units are linked by 1, 4 
bonds. The amylases found in the alimentary canal (il e., in saliva, pancreatic 
juice and intestinal juice) can hydrolyze the 1-4 bonds between G- glucose units 
only and not the 1, 4 bonds formed by 8. glucose units. This is why the amylases 
of alimentary canal can digest starch but cannot digest cellulose. 

From which part of the alimentary canal majority of the food materials 
are absorbed and why ? 

Majority of the food materials are absorbed from small intestine particularly 
from its lower parts namely ileum and jejunum. This is because—(i) the large 
surface provided by the presence of villi in the mucous membrane and microvilli 
in the lining epithelium facilitates absorbption ; (ii) digestion is not completed 
and hence the materials to be absorbed are not available before the food reaches 
this potion of the alimentary canal. 

Express the following in one word — (i) rise of blood sugar level ; (ii) fall 
of blood sugar level ; (iii) presence of sugar in urine; (iv) rise of blood urea 
level ; (v) formation of ketone bodies ; (vi) accumulation of excess ketone 
bodies in body tissues and fluids : (vii) biosynthesis of lipids ; (viii) a reaction 
involving addition of water to a substance; (ix) breakdown of glycogen to 
glucose in liver ; (x) formation of glucose from lactic acid in the body. 

(i) Hyperglycemia ; (ii) Hypoglycemia ; (iii) Glycosuria ; (iv) Uremia ; 
(v) Ketogenesis ; (vi) Ketosis; (vii) Lipogenesis ; (viii) Hydration ; 
(ix) Glycogenolysis ; (x) Neoglucogenesis. 

Why TCA cycle is considerd as an amphibolic pathway ? 

TCA cycle is considered as amphibolic pathway because it has both catabolic 
and anabolic functions. 

In which organs of the body the following biochemical pathways occur ? 
(i) glycogenesis, (ii) neoglucogenesis, (iii) glycogenolysis, (iv) urea cycle, 
() PPP, (vi) B-oxidation of fatty acids, (vii) deamination, 
(viii) transamination. 

(i) Liver and muscles. (ii) Liver and kidney. (iii) Liver. (iv) Liver, (v) Liver. 
adipose tissue, lactating mammary gland, adrenal cortex, testis, ovary efc. 
(vi) Adipose tissue, liver, heart, kidney, muscle, lung, brain, testis etc. (vii) 
Liver and kidney. (viii) Liver, kidney, brain, cardiac, muscle etc. 

What are amines ? Give two examples. 

Amines are products of decarboxylation of (removal of CO, from) amino acids. 
Examples — Histamine and tryptamine. 

What do you mean by ‘fat depot’ and ‘depot fat’ ? 

Store-house of fat in the body i.e., the adipose tissues are referred to as fat 
depot and the fat stored in them is called depot fat. 

Give two important functions of cholesterol in the body. 

[i] Formation of steroid hormones e.g., adrenal corticoids and sex hormones. 
[ii] Formation of cholic acid and thereby bile salts. 
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(a) What is enterohepatic circulation of bile salts ? (b) What is its 
significance ? 

(a) Bile secreted by the liver is carried to the small intestine (duodenum) through 
the bile duct. From the small intestine, most of the bile salts are absorbed by the 
hepatic portal vein and carried back to the liver for being resecreted in bile. 
Thus, the bile salts circulate between the liver and the intestine ; this is referred 
to as enterohepatic circulation of bile salts. 

(b) The enterohepatic circulation helps to prevent loss of bile salts through the 
feces so that they (bile salts) can be reused for economy. 

Will a man survive if the liver is removed ? Justify your answer. 

No, a man will not survive if the liver is removed. Liver is the site of detoxication 
reactions ; hence, in absence of liver toxemia will develop ultimately leading to 
death, 

Will a man survive if his stomach is completely removed ? Explain. 

If the stomach of a man is completely removed, he will develop anemia due to 
the deficiency of Castle’s intrinsic factor, and this would ultimately lead to 
death, 

Write a brief note on pyruvic acid. HI. S. 1990] 
Pyruvic acid is a three carbon compound. It is a keto acid having formula — 
CH3CO COOH. In living cells, it forms a link between carbohydrate, fat and 
protein metabolism, It holds a key position in metabolism. It is formed from- 
(i) breakdown of sugars through glycolysis, (ii) breakdown of glycerol portion 
of fat through glycolysis and (iii) deamination or transamination of certain amino 
acids. Under aerobic condition, pyruvic acid is further oxidized to acetyl CoA 
which then enters the TCA cycle (for complete oxidation) or other metabolic 
pathways. Under anaerobic condition, it is converted to lactic acid (in muscle 
cells). In liver and kidney, it may be converted back to glucose by 
neoglucogenesis. It may also be transminated to form the amino acid alanine. 
What is acetyl CoA ? or Write a brief note on acetyl CoA. 

Acetyl CoA or acetyl coenzyme A is a two carbon compound which is the 
coenzyme A derivative of acetic acid. It is also called active acetate or active 
two carbon fragment. It is written as CH3~CO-S-CoA. It is formed in the body 
from—(i) oxidative decarboxylation of pyruvic acid and (ii) - oxidation of fatty 
acids. It is utilized in —(i) TCA cycle, as a starting material, (ii) acetylation 
reactions, (iii) fatty acid synthesis, (iv) synthesis of cholesterol and thereby 
other steroids and bile acids and (v) formation of ketone bodies. 

(i) What do you mean by glucogenic or glycogenic amino acids ? (ii) Give 
their names. 

(i) Those amino acids which can be converted to glucose or glycogen through 
neoglucogenesis are called glucogenic or glycogenic amino acids. 

(ii) Alanine, Serine, Glutamic acid, Aspartic acid, Threonine, Valine, Isoleucine, 
Histidine, Argenine, Proline. 

Which part of fat (fatty acid or glycerol) is used in neoglucogenesis ? 
Glycerol. 
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[142] How many ATP molecules will be produced when—(i) one molecule of 


Ans. 


fructose is completely oxidised to CO, and H20 through glycolysis and 
TCA cycle, (ii) one molecule of glucose is broken down to lactic acid, 
(iii) one molecule of palmitic acid is completely oxidised through B-oxidation 
and TCA cycle, (iv) one molecule of FADH; is reoxidised to FAD through 
ETS? 

(i) 48, (ii) 2, Gii) 130, (iv) 2. 
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Define and explain the terms—nutrition, nutrients and food. (Ans. 1.1) 


What are carbohydrates ? Classify them with examples. 8 

[Tripura H. S. 1997] (Ans. 1.6.1 ; 1.6.2) 
Describe briefly the principal sources and necessity of carbohydrate food. (Ans. 1,2.1) 
Classify proteins. IJ. E. E. 1982] (Ans. 1.7.5) 
What are meant by first class proteins and second class proteins ? 
What are the functions of proteins ? IJ. E. E. 1992] (Ans. 1.2.2.) 
What are lipids ? Classify them with examples. (Ans. 1.8.3 ; 1.8.4) 
Discuss the dietary sotirces and nutritional significance of lipids. (Ans. 1.2.3) 
What are lipids and polysaccharides ? How do they differ ? (Ans. 1.8 ; 1.6 ; 1.26) 
What are vitamin and antivitamin’? What are the sources of vitamins C and D ? Which diseases 
are caused by deficiency of these vitamins ? (Ans. 1.2.4; 1.2.5; 1.2.6) 


Describe the functions and deficiency symptoms of ascorbic acid. IJ. E. E. 2001] (Ans. 1.2.6.B) 
Write the chemical name, source, functions and deficiency symptoms of any fat soluble vitamin. 
(Ans. 1.2.5) 
What are proximate principles and protective principles of food ? Why they are called so ? 
Write the chemical names of the water soluble vitamins. Mention the source and functions of 
any one of them. (Ans. 1.2 ; 1.2.6) 
Mention two vitamins which are synthesized in our body. What are the dietary sources of 
vitamin BI2? Enumerate its functions in the body. [J.E.E. 1992] (Ans. 1.31 Q—97) 
What do you mean by avitaminosis and hypervitaminosis ? Give one example of each mention- 
ing their symptoms: (Ans. 1.2.4. D; 1.2.5. A /1.2.5.B) 
What are trace elements? Discuss the source, functions and deficiency symptoms of iron in 
man. (Ans. 1.2.8) 
What do you mean by provitamins 2 Give two examples. Discuss the source, physiological 
functions and symptoms of deficiency and excess of vitamin A. (Ans. 1.2.4. A; 1.2.5. A) 
What is nitrogen balance 2 IJ E. E. 1990, 97J. How does it differ in different situations ? 
i (Ans. 1.2.2.A) 
What is meant by nutritional value of a protein? Discuss the factors determining it. Compare 


the nutritional values of dietary proteins derived from plant and animal sources. 
(Ans. 1.2.2. B) 


What is the biological value of protein ? How will you determine it ? 

IJ. E. E. 2005] (Ans. 1.2.2.B) 
Discuss the methods for assessment of nutritional value of a protein. (Ans. 1.2.2.B) 
What is RQ ? What is the normal value of RQ'in man taking a mixed diet ? Discuss the factors 
affecting RQ. (Ans. 1.3.) 
How RQ can be determined ? Discuss the significance of determining RQ. (Ans. 1.3) 
What is BMR? Describe briefly the methods of determination of BMR. (Ans. 1.4) 
Describe the factors affecting basal metabolic rate. [J.E.E. 2001] (Ans. 1.4) 


Explain the different types of isomerism of monosaccharides. (Ans. 1.6.3) 
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Discuss the following properties of sugars-(i) oxidation, (ii) reduction, (iii) reducing action, 


(iv) mutarotation. (Ans. 1.6.3) 
How furfurals, enediols, osazones and glycosides are formed from sugars ? Mention the 
significance of these reactions. (Ans, 1.6,3) 
Write briefly about properties of proteins. (Ans. 1.7.6) 
Discuss the following properties of fats-(i) Saponification, (ii) Halogenation, (iii) Hydrogenation 
and (iv) Rancidity. (Ans. 1.8.5) 


What is glycolysis ? Describe its pathway in brief and mention its significance. 
(Ans. I. 10. l. A) 
(a) Define glycogenesis, glycogenolysis and gluconeogenesis. 
(b) Write the steps of glycogenolysis, IJ. E. E. 1998]( Ans. 1.31, Q-21) 
What is TCA cycle ? Describe its pathway and mention its significance. (Ans. 1. 10.1. B) 
What is neoglucogenesis ? Describe the process in brief. What is its significance ? 
(Ans. 1,10.3,B) 
Describe briefly the pathway of glycogenesis and mention its significance. (Ans. 1.10.2. A) 
What is electron transport system ? Describe its components and mention its role in oxidation 
of foodstuffs. (Ans. 1.10.1.C) 
What is amino acid pool ? Discuss the origin and fate of amino acids in the body. 
(Ans, 1.11.1 ; 1.11.7) 
Define and explain the processes of deamination and transamination, 
(Ans. 1. I. 4. A; 1.11.4. B) 
Write briefly about the major end products of nitrogen catabolism in different vertebrates, 
(Ans. 1.11.5) 
Describe briefly the process of B- oxidation of fatty acids. (Ans. 1.12.1. B) 
What are ketone bodies ? Describe the process of ketone body formation and its si gnificance. 


e Y (Ans, 1.12.2) 
Write a brief note on pyruvic acid. or Write the origin and fate of pyruvic acid in the body. 


(Ans. 1.31.Q-138) 
Discuss briefly the origin and fate of blood glucose, (Ans. 1.10.5) 
(a) What is the difference between glycogenesis and glycogenolysis ? (b) Mention any eight 
r [J.E.E. 2002] (Ans. 1.26.17 ; 1.11.7) 
Describe the anatomical organization of digestive system of man with a neat sketch, 


r : (Ans. 1.14) 
Describe with a neat sketch the microscopic structure of stomach, 


, y [Tripura H.S. 1991 ](Ans. 1.14.4) 
Describe the microscopic structure of human small intestine, [J.E.E. 1979} (Ans. 1.14.5) 


Deseribe the structure of a villus with a neat sketch, (Ans. 1.14.5) 


Describe the histological structure and functions of Salivary glands. (Ans. 1.14.7) 
Discuss the histological structure of pancreas. . sae 3) 
Describe the histological structure of liver with a neat sketch. Mention the functions of live x 

What is saliva ? Write its composition and functions. — en 
Mention the composition and functions of gastric juice, A Sa 17 


Give an account of composition of pancreatic juice and mention 


present in it. UE. ; 
What is bile ? From where is it secreted ? Write the composition oe mae — Q-61) 
le. 


(Tripura H. S. 1982 > 
What is bile ? Why the liver bile differs from gall bladder bile i 982,784,791] (Ans. 1.15.4) 


2 n co iti i 
helps in fat digestion ? [EE 1981 ? How 1 
Discuss the composition and functions of succus entericus. N ] (Ans. 1.15. 
Describe the process of digestion of carbohydrates in human alimentary canal (Ans.:1.15.5) 
al. 


the functions of the enzymes 


211 HHS. 1989} (Ans, 1.16.1) 
How starch is digested and absorbed ? [J.E.E. 1986] ( oe s a; Q-70) 
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Describe the digestion of protein in human alimentary canal. 

III. S. 1979, 86, 90; J.E.E. 1991] (Ans. 1.16.2) 
Describe the digestion of lipids. H. S. 1985, ‘88, Tripura H.S. 1986] (Ans. 1.16.3) 
Describe the absorption of carbohydrates. (Ans, 1.17;1) 
Describe the absorption of proteins. (Ans, 1.17.2) 
What is absorption ? Describe briefly the process of fat absorption. 

[Tripura H.S. 1990] (Ans. 1.17 ; 1.17.3) 
How milk is digested in the gastrointestinal tract of man ? [J.E.E. 1985] (Ans. 1.31. Q-71) 
(a) Discuss the formation and fate of micelles and chylomicron in fat absorption from intestine. 
(b) What do you mean by B. oxidation of fatty acid ? What is its product ? 

J. E. E. 1987] (Ans. 1.31. Q-67, 68) 
Explain the following : (a) Protein can be digested in absence of HCI and pepsin. (b) Damage 
of parietal cell can cause anemia. (c) Disease of pancreas may be associated with bulky stool. 
[J-E.B. 1995] (Ans. 1.31. Q-34) 

What are bile salts ? Give an account of the role of bile in fat digestion and absorption. 
(Ans. 1.15.4 ; 1.16.3; 1.17.3) 


Describe briefly the movements of stomach and small intestine. (Ans. 1.18.2 ; 1.18.3) 
Discuss the digestion of food in mouth and stomach. (Ans. 1.16.4.A ; 1.16.4.B) 
Discuss briefly the digestion of different components of food in small intestine. 


(Ans. 1.16. 4. C) 

Define and mention the causes and clinical features of any one of the following diseases— 
(i) Scurvy, (ii) Peptic ulcer, (iii) Cirrhosis of liver, (iv) Colon cancer. 

(Ans. 1.19; 1.20 ; 1.22 ; 1.23) 


What is starvation ? Discuss the effects (metabolic changes and symptoms) of prolonged 
starvation. (Ans. 1.24) 
What is obesity ? Discuss its causes, hazards and remedy. (Ans. 1.25) 
Explain the terms—(i) Digestibility coefficient of a protein, (ii) Net protein utilization, 


(iii) Protein efficiency ratio, (ivy) Supplementary action of proteins and (v) Protein sparers. 
(Ans. 1,2.2.B ; 1.2.2.C ; 1.2.2, D) 
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Why do we need food ? (Ans. 1.1) 
Name the basic constituents of our food. (Ans, 1.2) 
What do you mean by physiological fuel value of a food ? Mention the physiological fuel 
values of carbohydrate, protein and fat. (Ans. 1.31. Q-103) 
Why carbohydrate, protein and fat are called proximate principles of food ? (Ans. 1.2) 
Why vitamins are called protective principles of food ? (Ans. 1.2) 
Is vitamin a food ? State reasons for your answer ? IJ. E. E. 1993] (Ans. 1.31. Q-80) 
Name the vitamins that prevent—(i) beriberi, (ii) pellagra, (iii) scurvy, (iv) nyctalopia, 


(v) osteomalacia, (vi) sterility, (vii) pernicious anemia, (viii) hemorrhagic tendency. 
(Ans. Table 1.1) 


Name the coenzymes derived from the following vitamins—(i) thiamine, (ii) riboflavin, 


(ili) niacin, (iv) pantothenic acid. (Ans. Table 1.2) 
Deficiency of which minerals may cause—(i) goitre, (ii) anemia, (iii) bone deformity, 
(iv) decrease in blood volume ? (Ans. Table 1-3) 
Name a coenzyme of the enzymes—(i) amino acid oxidase IJ. EK. E. 2001], (ii) thiokinase, 
(iii) succinic dehydrogease. (iv) isocitric dehydrogenase. (Ans. Table 1.2) 
What is vitamin ? Name fat soluble vitamins. [J.E.E. 2003] (Ans. 1.31. Q-5) 
What is chyme ? IJ. E. E. 2004] (Ans. 1.31. Q-2) 


(a) What is ketonuria ? Name bile salts and bile pigments. IJ. E. E. 2004] (Ans. 1.31. Q-4) 
Name the biologically most important monosaccharides. [J.E.E. 2005] (Ans. 1.31 Q-1) 
Which vitamin helps in clotting ? (Ans. 1.2.5. D) 
State what will happen in absence of vitamin K in diet? IJ. E. E. 1996] (Ans. 1.31. O- 94) 
(a) What is the childhood metabolic bone disease associated with vitamin D deficiency 2 
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Discuss the following properties of sugars-(i) oxidation, (ii) reduction, (iii) reducing action, 


(iv) mutarotation. (Ans, 1.6.3) 
How furfurals, enediols, osazones and glycosides are formed from sugars ? Mention the 
significance of these reactions. (Ans. 1.6.3) 
Write briefly about properties of proteins. (Ans, 1.7.6) 
Discuss the following properties of fats-(i) Saponification, (ii) Halogenation, (iii) Hydrogenation 
and (iv) Rancidity. (Ans. 1.8.5) 


What is glycolysis ? Describe its pathway in brief and mention its significance. 
(Ans. 1.10.1.A) 
(a) Define glycogenesis, glycogenolysis and gluconeogenesis. 
(b) Write the steps of glycogenolysis. IJ. E. E. 1998](Ans. 1.31. Q-21) 
What is TCA cycle ? Describe its pathway and mention its significance. (Ans. 1.10.1.B) 
What is neoglucogenesis ? Describe the process in brief. What is its significance ? 
(Ans. 1.10.3.B) 
Describe briefly the pathway of glycogenesis and mention its significance. (Ans. 1.10.2.A) 
What is electron transport system ? Describe its components and mention its role in oxidation 
of foodstuffs. (Ans, 1.10.1.C) 
What is amino acid pool ? Discuss the origin and fate of amino acids in the body. 
(Ans, 1.11.1 ; 1.11.7) 
Define and explain the processes of deamination and transamination. 
(Ans, 1.11.4.A ; 1.11.4. B) 
Write briefly about the major end products of nitrogen catabolism in different vertebrates. 
; (Ans, 1.11.5) 
Describe briefly the process of B— oxidation of fatty acids. (Ans. 1.12.1.B) 
What are ketone bodies ? Describe the process of ketone body formation and its significance. 
(Ans, 1.12.2) 
Write a brief note on pyruvic acid. or Write the origin and fate of pyruvic acid in the body. 
(Ans. 1.31.Q-138) 
Discuss briefly the origin and fate of blood glucose. (Ans. 1.10.5) 
(a) What is the difference between glycogenesis and glycogenolysis ? (b) Mention any eight 
functions of amino acids, [J.E.E. 2002] (Ans. 1.26.17 ; 1.11.7) 
Describe the anatomical organization of digestive system of man with a neat sketch, 
(Ans, 1.14) 
Describe with a neat sketch the microscopic structure of stomach. 
[Tripura H.S. 1991](Ans, 1.14.4) 
Describe the microscopic structure of human small intestine. [J.E.E. 1979] (Ans. 1.14.5) 
Describe the structure of a villus with a neat sketch. (Ans, 1.14.5) 
Describe the histological structure and functions of salivary glands. (Ans. 1.14.7) 
Discuss the histological structure of pancreas. (Ans. 1.14.8) 
Describe the histological structure of liver witha neat sketch. Mention the functions of liver, 
(Ans, 1.14.9) 
What is saliva ? Write its composition and functions. (Ans. 1.15.1) 
Mention the composition and functions of gastric juice. (Ans. 1.15.2) 
Give an account of composition of pancreatic juice and mention the functions of the enzymes 
present in it. [JE.E. 1990] (Ans. 1.31. Q-61) 
What is bile ? From where is it secreted ? Write the composition and functions of bile. 
[Tripura H.S. 1982, 84, 91] (Ans, 1.15.4) 
What is bile ? Why the liver bile differs from gall bladder bile in composition ? How the bile 
helps in fat digestion ? [J.E.E. 1981] (Ans, 1.15.4) 
Discuss the composition and functions of succus entericus. (Ans. 1.15.5) 
Describe the process of digestion of carbohydrates in human alimentary canal. 
[H.S. 1989] (Ans. 1.16.1) 
How starch is digested and absorbed ? IJ. E. E. 1986] (Ans. 1.31. Q-70) 


[59] 
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Describe the digestion of protein in human alimentary canal. 
[H.S. 1979, 86, 90; J-E-E. 1991] (Ans. 1.16.2) 


Describe the digestion of lipids. [H.S. 1985, ‘88, Tripura H.S. 1986] (Ans. 1.16.3) 
Describe the absorption of carbohydrates. (Ans, 1.17.1) 
Describe the absorption of proteins. (Ans, 1.17.2) 


What is absorption ? Describe briefly the process of fat absorption. 
[Tripura H.S. 1990] (Ans. 1.17 ; 1.17.3) 
How milk is digested in the gastrointestinal tract of man 2 [J.E.E. 1985] (Ans. 1.31. Q-71) 
(a) Discuss the formation and fate of micelles and chylomicron in fat absorption from intestine. 
(b) What do you mean by B. oxidation of fatty acid ? What is its product ? 
[J.E.E. 1987] (Ans. 1.31. Q-67, 68) 
Explain the following : (a) Protein can be digested in absence of HCI and pepsin. (b) Damage 
of parietal cell can cause anemia. (c) Disease of pancreas may be associated with bulky stool. 
IJ. E. E. 1995] (Ans. 1.31. Q-34) 
What are bile salts ? Give an account of the role of bile in fat digestion and absorption. 
(Ans. 1.15.4 ; 1.16.3 ; 1.17.3) 
Describe briefly the movements of stomach and small intestine. (Ans. 1.18.2 ; 1.18.3) 
Discuss the digestion of food in mouth and stomach. (Ans. 1.16.4.A ; 1.16.4.B) 
Discuss briefly the digestion of different components of food in small intestine. 
(Ans. 1.16. 4. C) 
Define and mention the causes and clinical features of any one of the following diseases— 
(i) Scurvy, (ii) Peptic ulcer, (iii) Cirrhosis of liver, (iv) Colon cancer. 
(Ans. 1.19; 1.20; 1.22 5 1.23) 
What is starvation ? Discuss the effects (metabolic changes and symptoms) of prolonged 
starvation. (Ans. 1,24) 
What is obesity ? Discuss its causes, hazards and remedy. (Ans. 1.25) 
Explain the terms—(i) Digestibility coefficient of a protein, (ii) Net protein utilization, 
dii) Protein efficiency ratio, (iv) Supplementary action of proteins and (v) Protein sparers. 
(Ans, 1.2.2.B ; 1.2.2. C; 1.2.2, D) 


@ B. Short answer type: 


u] 
120 
[B] 


[4] 
[5] 
[6] 
[7] 


[8] 
(9) 
110] 


flu 
[12] 
1131 
1141 
151 
[16] 
17] 


Why do we need food ? (Ans. 1.1) 
Name the basic constituents of our food. (Ans. 1.2) 
What do you mean by physiological fuel value of a food ? Mention the physiological fuel 
values of carbohydrate, protein and fat. (Ans. 1.31. Q-103) 
Why carbohydrate, protein and fat are called proximate principles of food ? (Ans. 1.2) 
Why vitamins are called protective principles of food ? (Ans. 1.2) 
Is vitamin a food ? State reasons for your answer ? [J.E.E. 1993] (Ans. 1.31. Q-80) 
Name the vitamins that prevent—(i) beriberi, (ii) pellagra, (iii) scurvy, (iv) nyetalopia, 


(v) osteomalacia, (vi) sterility, (vii) pernicious anemia, (viii) hemorrhagic tendency. 

(Ans. Table 1.1) 
Name the coenzymes derived from the following vitamins—(i) thiamine, (ii) riboflavin, 
(iii) niacin, (iv) pantothenic acid. (Ans, Table 1.2) 
Deficiency of which minerals may cause—(i) goitre, (ii) anemia, (iii) bone deformity, 
(iv) decrease in blood volume ? (Ans. Table 1-3) 
Name a coenzyme of the enzymes—(i) amino acid oxidase IJ. E. E. 2001], (ii) thiokinase, 
(iii) succinic dehydrogease. (iv) isocitric dehydrogenase. (Ans. Table 1.2) 
What is vitamin ? Name fat soluble vitamins. II. E. E. 2003] (Ans. 1.31. Q-5) 
What is chyme ? IE. E. 2004] (Ans. 1.31. Q-2) 
(a) What is ketonuria ? Name bile salts and bile pigments. [J.E.E. 2004] (Ans. 1.31. Q-4) 
Name the biologically most important monosaccharides. IJ. E. E. 2005] (Ans. 1.31 Q-1) 
Which vitamin helps in clotting ? (Ans. 1.2.5. D) 
State what will happen in absence of vitamin K in diet? [J.E.E. 1996] (Ans. 1.31. Q-94) 
(a) What is the childhood metabolic bone disease associated with vitamin D deficiency ? 
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(b) What is its adult counterpart ? [J-E.E. 1998] (Ans. 1.31. Q-100) 
Define the following and give one example of each—(i) Provitamin, (ii) Antivitamin, 
(iii) Pseudovitamin. (Ans. 1.2.4. A; 1.2.4. B; 1.2.4.C) 


(a) What are conjugated proteins ? Give an example of chromoprotein. (b) What is prosthetic 
group ? (c) Name one glycoprotein responsible for our body immunity ; (d) Why proteins 
possess amphoteric properties ? [J.E.E. 1997] (Ans, 1.31. Q-89) 
Define (a) Carbohydrate, (b) Protein, (c) Lipid, (d) Amino acid, (e) Fatty acid, (f) Sugar. 
(Ans. 1.6 ; 1.7 ; 1.8) 
What are—(a) Oligosaccharides, (b) Glucosans, (c) Heteroglycans and (d) ketotrioses ? Give 


one example of each. (Ans. 1.6.2) 
What do you mean by dextrorotatory and levorotatory sugars ? Give one example of each. 

(Ans. 1.6.3) 
Give two examples of each of the following types of amino acids -a) neutral, (b) acidic, 
(c) basic, (d) sulphur containing, (e) non-essensial, (f) glycogenic. (Ans, 1.7.2) 
What are saponification number and acid number of a fat ? What do they indicate ? 

(Ans. 1.8.5) 
Why pancreas is called a mixed gland ? (Ans. 1.14.8) 
Why bile is called ‘secretion as well as excretion of liver’ ? (Ans. 1.31. Q-123) 
Discuss the fate of carbohydrates in human stomach, [Tripura H. S. 1982] (Ans. 1.16.4. B) 
Name two proteolytic constituents of gastric juice. [J.E.E. 1982] (Ans, 1.15.2) 


What are endopeptidases and exopeptidases ? Give their examples. What is enterokinase ? 
(Ans, 1,31. Q-114 ; 115) 
What are Kupffer’s cells? Describe their functions. IJ. E. E. 1987] (Ans. 1.31. Q 65a) 
What is oxyntic cell ? What is its function ? (Ans. 1.14.4) 
What is lacteal ? Where is it found ? What is its main function ? (Ans, 1.31. Q—4) 
Define glycogenesis, glycogenolysis and neoglucogenesis. 
[J-E.E. 1990,98] (Ans. 1.31. Q-21a) 
Mention the cellular site of glycolysis, TCA cycle and B-oxidation and whether they occur 
aerobically or anaerobically. (Ans. 1.10.1.A ; 1.10.1. B; 1.12.1.B) 
What is pentose phosphate pathway ? What are its significances ? (Ans. 1.10.1.E) 
What is rennin ? Where and in which animal is it found ? (Ans, 1.15.2) 


What are ketone bodies ? When their production is increased and what happens by this ? 
(Ans, 1.12.1.C) 
What do you mean by ammonotelism, ureotelism and uricotelism ? (Ans. 1. II. 5) 
What are essential fatty acids ? (Ans, 1.8.2) 
What do you mean by BMR? IJ. E. E. 1984, 85, 91] (Ans. 1.4) 
Name a gland which has exocrine and endocrine function. _ [J.E.E. 2000] (Ans. 1.31. Q-8) 
Give the dental formula of milk teeth and permanent teeth of man. (Ans, 1.31. Q-111) 


Write the composition of bile. How does it help in digestion of food ? 

[J.E.E. 1988] (Ans. 1.31 Q-64) 
Why Krebs cycle is called citric acid cycle ? (Ans. 1.10.1 B) 
Name two important types of cells of gastric glands. What are their functions ? 

JE. E. 1991] (Ans, 1.31. Q-54A) 

What are the end products of fat digestion ? From which part of alimentary canal the end 
products of fat digestion are absorbed ? (Ans. 1.31. Q-69) 
Where the following substances are stored in our body ? (i) Glycogen (ii) vit. A. ? 

IJ. E. E. 1992] (Ans. 1.31. Q-53) 
What is (i) glycogenolysis (ii) glycolysis ? IJ. E. E. 1992] (Ans. 1.10.3. A; 1.10.1.A) 
In which form energy is stored in liver and muscle? [J-E.E. 1992] (Ans. 1.31. Q-48a) 
What will you obtain on hydrolysis of fat ? What are ketone bodies? Where are they formed? 
What is ketosis and ketonuria ? [J.E.E. 1993] (Ans. 1.31. Q-44 ) 
Mention the name of chief proteins of milk. How does milk coagulate ? What is the name of the 
end product of milk coagulation ? Why milk is not considered as a complete food for adults ? 
What is curd ? IJ. E. E. 1993] (Ans, 1.31. Q-43) 
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Which salivary gland contributes maximally to salivary secretion ? Give two important functions 
of saliva. [J.E.E. 1993] (Ans. 1.31. Q-15, 46) 
Why chewing of bread gives sweet taste ? [Tripura H.S. 1990] (Ans. 1.31 Q-125) 
Name the proteolytic enzymes of human alimentary canal. 
[Tripura H.S. 1992 ; J.E.E. 1983] (Ans. 1.31. Q-73) 
In which foods starch is found ? Name the starch splitting enzymes of human body. Where 
from they originate ? [Tripura H.S. 1993] (Ans. 1.16.1) 
What are bile salts ? Mention their functions. IJ. E. E. 1993] (Ans. 1.15.4) 
(a) What is the normal blood sugar level ? (b) When does sugar appear in urine ? 
IJ. E. E. 1998, 99] (Ans. 1.31. Q-11) 
Where does glycolysis occur ? What are the end products of glycolysis ? Where does Krebs 
cycle occur ? Why it is called TCA cycle ? How many ATP molecules are produced from a 
glucose molecule during Krebs cycle ? IJ. E. E. 1994] (Ans. 1.31. Q-40, 25) 
What is acid chyme ? What is emulsification ? Name the enzymes secreted by pancreas. Name 
the protein splitting enzyme of gastric juice. What are the types of teeth in man according to 
position in the gum ? [J.E.E. 1994] (Ans. 1.31. Q-41, 61,26) 
(a) What is nitrogen balance ? (b) What is the source of uric acid in our body ? (c) Name the 
disease in which the level of uric acid in blood is raised ? (d) Name three essential amino acids 
and three essential fatty acids. [J.E.E. 1995] (Ans. 1.31. Q-35) 
Why glucose is not obtained from muscle glycogen ? (b) What are the products of digestion of 
(i) sucrose (ii) maltose ? (c) Name two types of movements of small intestine. 
[J.E.E. 1995] (Ans. 1.31. Q.-36) 
(a) What is bile ? (b) How does gall bladder bile differ from hepatic bile ? (c) Name the chief 
constituents of bile (d) Name two bile salts. (e) What does the word choleretic mean ? 
[J-E.E. 1995] (Ans. 1.31. Q-37,4) 
(a) What is the number of amino acid present in a dipeptide ? (b) Where is erepsin present ? 
[J.E.E. 1995] (Ans. 1.31. Q-39) 
Point out the site of digestion of carbohydrate in alimentary canal and state the end product of 
it. H. S. 1995] (Ans. 1.16.1) 
(a) Name the end products of protein digestion (b) Enumerate the essential amino acids. 
IJ. E. E. 1996] (Ans. 1.31. C- 29) 
What is the difference between trypsin and trypsinogen 2[J.E.E. 1996, 97] (Ans. 1.31. Q-30) 
State the form in which carbohydrate is stored in liver and muscle. 
IJ. E. E. 1996] (Ans. 1.31. Q-31) 
(a) Where are the enzymes of glycolysis and TCA cycle located ? (b) Why should the reactions 
of TCA cycle stop in absence of oxygen ? (C) How many ATP molecules will be generated 
during Complete oxidation of one molecule of fructose 1, 6 bisphosphate ? 
IJ. E. E. 1996] (Ans. 1,31. Q-32) 
(a) What is saliva 2 (b) State its source (c) Mention the enzymes in saliva (d) Is there any 
bactériolytic action of saliva ? If so state how is it done? IJ. E. E. 1996] (Ans. 1.31. Q-33) 
(a) What are the end products of glycolysis ? (b) Why Krebs cycle is called TCA cycle ? 
[J.E.E. 1990, 94, 97] (Ans. 1.31. Q-25) 
(a) Name the inorganic ion present in the pancreatic juice that neutralizes the chyme. 
(b) What are the functions of (i) Castle’s intrinsic factor, (ii) Crypts of Lieberkuhn ? 
(c) Name the proteolytic enzyme present in gastric juice and state its action (d) Name the 
particular cells of gastric gland which secrete the following: (i) HCI; (ii) Pepsin, (iii) Mucin: 
IJ. E. E. 1997] (Ans. 1.31. Q-26) 
What are the two key enzymes involved in (i) glucose 2 glycogen and (ii) glycogen > 
glucose conversion. IJ E. E. 1997] (Ans. 1.31; C- 27) 
Where goblet cells are found ? LIE. E. 1998] (Ans, 1.31. Q-20) 
(a) Name the bile salts and bile pigments. (b) What is the main difference between liver bile 
and gall bladder bile in the content of water and bicarbonate? (e) What is the response of gall 


bladder to a fatty meal ? Name the hormone which mediate such response. 
IJ. E.E. 1998] (Ans. 1.31, Q-4,,23) 
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[75] What is diabetes mellitus ? 


[J.E.E. 1998] (Ans. 1.31. Q-22) 


[76] (a) What is the end product of protein digestion ? (b) In which organ urea is synthesized ? 
(c) Through which organ urea is excreted ? (d) Name two non-protein nitrogenous substances 


of blood (e) What is essential amino acid ? 


IJ. E. E. 1999] (Ans. 1.31, Q-12) 


[77] (a) What is BMR 2 (b) What is its normal value ? (e) Name the classical instrument for 
determination of BMR. (d) Why BMR is high in protein food ? (e) In which endocrine disease 
BMR is low ? (f) In which endocrine disease BMR is high ? 


IJ. E. E. 1999] (Ans. 1.4 ; 1.31. Q-14) 


[78] (a) What is saliva 2 (b) Which salivary gland contributes maximally to saliva secretion °? 
(c) Mention the site of bile storage. (d) Does bile contain any enzyme ? 


[J.E.E. 1999] (Ans. 1.31. Q-15) 


[79] State whether the following statements are true or false : (a) Vitamin is formed inside the body. 


(b) Trypsin is secreted from the stomach. 


[80] What is the difference between glucose and fructose ? 


[J.E.E. 1999] (Ans. 1.31. Q-16) 
J. E. E. 2000] (Ans. 1.31. Q-7) 


[81] (a) Why the metabolic rate is low in animals doing exchange of gases through the entire body 
surface ? (b) Name one amino acid which often initiates protein synthesis. (c) Where is urea 


synthesized in the body ? 


[J-E.E, 2000] (Ans. 1.31. Q-10) 


[82] (a) What types of proteins are there in white and yellow parts of an egg ? (b) Why lipid is 


called triglyceride ? (c) What is lacteal ? 


[J-E.E. 2000] (Ans. 1.31. Q-9) 


[83] (a) What is electron transport system ? (b) What are oxidative phosphorylation and substrate 


level phosphorylation? 


(Ans, 1.10. 1.C; 1.10.1) 


[84] (a) What is jaundice ? (b) What are its major types? (Ans, 1.15.4) 
[85] What are the different types of movements observed in large intestine ? (Ans, 1,18.4) 
[86]: What do you mean by SDA of food ? For which food the SDA is highest ? (Ans. 1.5) 


[87] Name the processes by which glucose is produced in the body ? Where do they occur ? 


(Ans. 1.10.3) 


[88] Wo discovered-(a) glycolytic pathway, (b) TCA cycle, (c) B-oxidation of fatty acids, 
(d) Urea cycle? (Ans. 1.10.1.A; 1.10.1.B ; 1.12.1. B; 1.11.4.C) 


[89] What do you mean by anabolism and catabolism ? 


(Ans. 1,9) 


90] Name three coenzymes required for B -oxidation of fatty acids and mention the vitamins from 


which these coenzymes are formed. 
C. Distinguish between: 


[1] Nutrient and Food. 
[2] Starch and Cellulose. 
[3] Starch and Glycogen. 
[4] Monosaccharides and Disaccharides. 
[5] Lactose and Sucrose. 
16] Monosaccharides and Polysaccharides. 
[7] Disaccharides and Polysaccharides. 
[8] Fats and Oils. 
[9] Sugar and Fat. 
[10] Metalloprotein and Metaprotein. 
[11] Albumins and Albuminoids. 
[12] Lipoprotein and Glycoprotein. 


[13] Saturated fatty acid and unsaturated fatty acid. 


[14] Polysaccharides and Lipids. 

[15] Vitamins and Enzymes. 

[16] Provitamins and Antivitamins. 

[17] Glycogenolysis and Glycolysis. 
[18] Glycogenesis and Glycogenolysis. 
[19] Glycogenesis and Neoglucogenesis. 
[20] Glycolysis and Krebs TCA cycle. 


(Ans. 1.12.1. B; 1.2.7) 


IJ. E. E. 1993] (Ans. 1.31, Q-80) 
(Ans. 1.26.2) 

(Ans. 1.26.3) 

(Ans. 1.26.4) 

(Ans. 1.26.5) 

(Ans. 1.26.6) 

(Ans. 1.26.7) 

(Ans. 1.26.8) 

(Ans. 1.26.9) 

(Ans. 1.26.10) 

(Ans. 1.26.11) 

(Ans. 1.26.12) 

[Tripura H. S. 1996] (Ans. 1.26.13) 
(Ans. 1.26.14) 

(Ans. 1.26.15) 

[Tripura H. S. 1996] (Ans. 1.26.16) 
(Ans. 1.26.17) 

(Ans. 1.26.18) 

(Ans. 1.26.19) 

(Ans. 1.26.20) 
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[21] Krebs ornithine cycle and Krebs TCA cycle. (Ans. 1.26,21) 
[22] Glycolysis and Pentose phosphate pathway. (Ans. 1.26,22) 
[23] Deamination and Transamination. (Ans. 1.26.23) 
[24] Duodenum and Ileum. (Ans. 1.26.24) 
[25] Small intestine and large intestine. (Ans. 1.26.25) 
[26] Salivary gland and Pancreas, (Ans. 1.26.26) 
[27] Pepsin and Trypsin. (Ans. 1.26.27) 
[28] Bile salts and Bile pigments. (Ans, 1.26.28) 
[29] Ptyalin and Amylopsin. (Ans. 1.26.29) 
[30] Saliva and Gastric juice. (Ans, 1.26.30) 
[31] Trypsin and Erepsin. (Ans, 1.26.31) 
[32] Conjugated proteins and Derived proteins. [Tripura H.S. 1996] (Ans, 1.7.5) 
[33] Simple proteins and Conjugated proteins. [Tripura H.S. 1997] (Ans. 1.7.5) 


@ D. Write brief notes on: 


[1] Nitrogen balance (Ans. 1.2.2.A). [2] Nutritional value of proteins (Ans. 1.2.2. B). 
[3] Supplementary action of proteins (Ans. 1.2.2.C). [4] RQ (Ans. 1.3). [5] BMR (Ans, 1.4), 
[6] SDA of food (Ans. 1.5). [7] Cori cycle (Ans. 1.10.4), [8] Amino acid pool (Ans. 1.11.1). 
[9] Deamination (Ans. 1.11.4.A). [10] Transamination (Ans. 1.11.4.B). III] Ketone bodies 
(Ans. 1. 12. I. C). [12] Pyruvic acid (Ans. 1.31.Q-138), [13] Acetyl CoA (Ans. 1.31 Q-139). 
[14] Saliva (Ans. 1.15.1). [15] Bile salts (Ans. 1.15.4). [16] Peristalsis (Ans. 1.18). 
[17] Scurvy (Ans. 1.19). [18] Peptic ulcer (Ans. 1.20), [19] Starvation (Ans. 1.24). 
[20] Obesity (Ans. 1.25) . 


E. Complete the sentences with suitable words from those given in parentheses : 


[1] —— muscle is found in intestinal wall. (Smooth / Striated / Cardiac) 
[2] Numerous goblet cells are found in ——. (stomach / small intestine / large intestine) 
[3] Kupffer cells are found in (liver / pancreas / stomach) 
[4] peyer's patch is seen in —— (duodenum / jejunum / ileum) 
[5] Brunner’s glands are present in (stomach / duodenum / ileum / colon) 
[6] Lacteal is a type of ——. (nerve fibre / blood vessel / lymphatic vessel) 
[7] Lacteal is found in ——. (liver / spleen / small intestine / mammary gland) [H.S. 1990] 
[8] Ptyalin is a — enzyme. (gastric / pancreatic / salivary) 
[9] Pepsin is found in — juice. (intestinal / gastric / bile) 
[10] Trypsin is a — splitting enzyme. (carbohydrate / protein / fat) 
[11] Lipase remains active in — medium. (neutral /acidic /alkaline) 
[12] Glycolysis occurs in condition. (only aerobic / only anaerobic / both aerotic and anaerobic) 
[13] Krebs cycle operates in —— (cytoplasm / nucleus / mitochondria / Golgi body) 
IH. S. 1983, 89, 97] 
[14] Glycogenolysis occurs in ——. (kidney / heart / liver / muscles) 
[15] Glycogen is a (monosaccharide / disaccharide / polysaccharide). [H.S. 1987] 
[16] Ptyalin is secreted by ——. (sweat gland /testis / muscle /salivary galnd / ear drum). 
[H.S. 1982) 
[17] Aminopeptidase is . (an amino acid / a vitamin / an enzyme) I. S. 1987] 
[18] Average value of BMR in adult male is —— kcal/hr.sq. meter of body surface area, 677/40 / 
50/60). 
[19] Urea synthesis occurs in (kidney / heart / liver / urinary bladder) H. S. 1992] 
[20] Goblet cell is a kind of ——. (nerve cell / squamous epithelial cell / connective tissue cell / 


columnar epithelial cell / muscle cell) [H.S. 1986, 96 
[21] Nicotinic acid is . (a toxic substance present in tobacco leaves / one type of amino acid / a 
vitamin / an enzyme / a hormone) [H.S. 1986] 
[22] Fructose is a constituent of ——. (maltose / lactose / sucrose) 
[23] FAD is a derivative of (vitamin Bi / vitamin Ba / vitamin 2). 
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[24] 
[25] 
[26] 


1271 
[28] 


[29} 
[30] 


a 
121 
[3] 


[4] 
[5] 
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Acetylcholine is — (an amino acid / a vitamin / an enzyme / a substrate) [H.S. 1996] 
Urea is synthesized in . (kidney / liver / lungs / uterus / ovary). [H.S. 1997, 2001] 
Amount of protein present in 100 gm of cow milk is gm. (3,2/4.2/5.2) 

[H.S. 1998, 2001] 


Ascorbic acid is a (fatty acid / hormone / vitamin / amino acid) H. S. 1999 
is an essential amino acid. (Histamine / Glutamic acid / Aspartic acid / Threonine), 
H. S. 1999] 


The number of amino acids derived rom the nature is 0% 20/30/40) —_[H.S. 2000] 


SDA of is highest. (carbohydrate/protein/fat). 
F. Fill in the blanks : 

Digestion of starch starts in H. S. 1992] 
Fat is absorbed in villi as H. S. 1992] 
The oxidation of fat releases about kcal per gm whereas the oxidation of carbohydrates 
or proteins releases about kcal per gm. [H.S. 1992 
The end product of protein digestion is 7 H. S. 1993] 
Bile is essential for absorption. II. S. 1993] 
Bile is both a product of secretion as well as excretion of (HLS. 1994] 


[6] 

17 

[8] 

[9] 
[10] 
1111 
12] 
113 
[14] 
[15] 
[16] 
[17] 
[18] 
[19] 
[20] 


Ptyalin is secreted in HI. S. 1995] 
Bile is composed of and 
Glycogen is also called —— starch. 


Peristalsis is a movement while segmentation is a movement. 

The end product of glycogenolysis is s 

The major end product of nitrogen catabolism in man is 

Amines are products of amino acids. 

NAD is the coenzyme form of the vitamin 

BMR in old age. 

High ———— level in blood may produce atherosclerosis. 

Fats are esters of fatty acids with 

Deficiency of vitamin D in young produces . 

Deficiency of in bile may produce gallstone, 
is a non reducing disaccharide. 


© G. Choose the correct answer (Multiple choice type) : 


uJ 
[2] 
131 
[4] 
[5] 
[6] 
[7] 
[8] 
[9] 


[10] 


Which of the following is not an essential amino acid ? 

(a) alanine, (b) valine, (c) tryptophan, (d) phenylalanine. 

Which of the following is an essential fatty acid ? 

(a) oleic acid, (b) linoleic acid, (c) palmitic acid, (d) stearic acid. 

Which of the following is related to B-oxidation of fatty acids ? 

(a) pyruvic acid, (b) lactic acid, (c) glucose, (d) acetyl coenzyme A, 
Which one is not found in pancreatic juice ? 

(a) trypsin, (b) pepsin, (e) chymotrypsin, (d) steapsin. 

Which one of the following enzymes coagulates milk in human stomach ? 
(a) rennin, (b) pepsin, (c) chymotrypsin (d) renin. 
Saliva does not help in: 

(a) deglutition, (b) taste sensation, (c) protein digestion, (d) carbohydrate digestion. 
Which one of the following is not digested in man ? 8 

(a) glucose, (b) lactose, (e) dextrin, (d) casein. 

Which sugar is absorbed at the highest rate ? 

(a) glucose, (b) fructose, (c) galactose, (d) pentose. 

In which part of the G-I tract the pancreatic juice is poured ? 

(a) stomach, (b) duodenum, (c) ileum, (d) jejunum. 

Which of the following does not enter glycolytic pathway ? 

(a) glucose, (b) fructose, (c) fatty acid, (d) glycerol. 


[25] 
[26] 
[27] 
[28] 
[29] 


[30] 
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Evacuation of bowel is called : 

(a) ingestion, (b) deglutition, (c) emesis, (d) defecation. 

Which of the following is not related to fat absorption ? 

(a) chyle, (b) chyme, (c) chylomicron, (d) micelle. 

The three digestive juices act on the food in small intestine : 

(a) saliva, gastric juice and bile, (b) gastric juice, bile and pancreatic juice, (c) pancreatic juice, 
intestinal juice and gastric juice, (d) bile, pancreatic juice and intestinal juice. 
The number of peptide bonds in a tripeptide is: 

(a) 1, (b) 2, (c) 3, (d) 4. 

The enzyme carboxypeptidase is concerned with: 

(a) urea synthesis, (b) glycolysis, (c) TCA cycle, (d) protein digestion. 

The number of ATP molecules produced from complete oxidation of one molecule of acetyl 
CoA is: 

(a) 12, (b) 15, (c) 36, (d) 38. 

An abnormally high blood glucose level is termed : 

(a) glycosuria, (b) hyperglycemia, (c) diabetes insipidus, (d) pentosuria. 
Breakdown of glycogen to glucose is termed : 

(a) glycolysis, (b) glycogenolysis, (c) glycogenesis, (d) neoglucogenesis. 
Which of the following is not an intermediate of TCA cycle ? 

(a) isocitric acid, (b) fumaric acid, (c) lactic acid, (d) succinic acid. 

Which of the following is a ketone body ? 

(a) acetoacetic acid, (b) pyruvic acid, (c) acetic acid, (d) lactic acid. 

An agent causing contraction of gall bladder is called : 

(a) emetic, (b) choleretic, (e) laxative, (d) cholagogue. 

Erepsin is : 

(a) an amylolytic enzyme, (b) a lipolytic enzyme, (c) a mixture of peptidases, (d) a proteolytic 
enzyme. 

Trypsinogen is activated by : 

(a) pepsin, (b) enterokinase, (c) chymotrypsin, (d) bile salt. 

The enzyme rennin is found in: 

(a) liver, (b) kidney, (c) pancreas, (d) stomach. 

Which one of the following cannot enter the neoglucogenic pathway ? 

(a) fatty acid, (b) glycerol. (c) amino acid, (d) lactic acid. 

Fructose is a: 

(a) ketone body, (b) keto sugar, (c) cane sugar, (d) reducing disaccharide. 
The blood level of which of the following is abnormally high in jaundice ? 
(a) glucose, (b) ketone bodies, (c) bile pigments (d) sodium. 

Which of the following is not related to obesity ? 

(a) hyperglycemia, (b) hypertension, (c) hyperphagia, (d) ketosis. 

By which of the following biochemical tests, you can distinguish between glucose and galactose ? 
(a) Barfoed’s test, (b) Seliwanoff’s test, (c) Benedict's test, (d) Osazone test. 
Which of the following is increased in prolonged starvation ? 

(a) glycogenesis, (b) neoglucogenesis, (c) lipogenesis. (d) blood sugar level. 


@ H. State whether the following statements are True or False : 


[1] 
[2] 
[3] 
141 
[5] 
[6] 
17¹ 
[8] 


Trypsin is secreted from stomach. [J.E.E. 1999] 


Folds of gastric mucosa are called villi. 
Crypts of Lieberkuhn are found in duodenum. 
Teniae coli are present in small intestine. 

The pancreatic duct is called Wharton’s duct. 
Kupffer cells are found in liver. 

Saliva does not contain lysozyme. 

Gelatinase is present in gastric juice. 
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[9] Erepsin is found in succus entericus. 
110] Lactase is found in pancreatic juice. 
[11] Vitamin is formed inside the body. IJ. E. E. 1999] 
[12] Enterokinase is also called enteropeptidase. 
. [13] Carbohydrates are absorbed mainly in the form of amino acids. 
[14] Pepsin is an exopeptidase. 
[05] Chymotrypsin is an endopeptidase of intestinal juice. 
[16] Fats are absorbed from intestine to the lymph of lacteal in the form of micelles, 
[17] Glycogen is synthesized and stored in muscles, 
[18] Ghycolysis and PPP occur in cytosol. 
[19] TCA cycle and oxidation of fatty acids occur in mitochondria. 
[20] During growth, the body is in negative nitrogen balance. 


Answer to Q. No. E, F, G and H 


[1] Smooth. [2] Large intestine. [3] Liver. [4] Neum. [5] Duodenum. [6] Lymphatic vessel. 

[7] Small intestine. [8] Salivary. [9] Gastric. [10] Protein. [11] Alkaline. [12] Both aerobic 

and anaerobic. [13] Mitochondria. [14] Liver. [15] Polysaccharide. [16] Salivary gland. 

[17] An enzyme. [18] 40. [19] Liver. [20] Columnar epithelial cells. [21] A vitamin. 

[22] Sucrose. [23] Vitamin B2. [24] A substrate. [25] Liver. [26] 3.2. [27] Vitamin. 

[28] Threonine. [29] 20. [30] Protein. 

F. II] Mouth, [2] Chylomicron. [3] 9, 4. [4] Amino acid, [5] Fat. [6] Liver. [7] Saliva. [8] Bile 
salts, bile pigments. [9] Animal. [10] Propulsive, mixing, [11] Glucose. [12] Urea. 
[13] Decarboxylation. [14] Niacin. [15] Decreased. [16] Cholesterol. [17] Glycerol. 
[18] Rickets. [19] Bile salts. [20] Sucrose. 

G. [A (a). [2] (b). [3] (d). [41 (b). [5] (b). [6] C. [7] (a). [8] (c). [9] (b). [10] (c). [11] (d). 
[12] (b). [13] (d). [14] (b). [15] (d). [16] (a). [17] (b), [18] (b). [19] (c). [20] (a). [21] (d). 
[22] (c). [23] (b). [24] (d). [25] (a). [26] (b). [27] (c). [28] (d). [29] (d). [30] (b). 

H. III False, [2] False. [3] True. [4] False. [5] False. [6] True. [7] False. I8] True. [9] True. 

[10] False. [11] True, [12] True. [13] False. [14] False, [15] False. [16] False. [17] True, [18] 

True, [19] True, [20] False. 


— p 


Blood and the Body Fluids 


Topics Discussed : Introduction; What is blood: Blood volume ; Physical properties of blood: Composition 
of blood; Formed elements of blood; Functions of blood: Plasma proteins: Coagulation of blood: Blood 
transfusion ; Tissue fluid ; Lymph ; A few comparisons. 


2.1. Introduction 


The term ‘body fluids’ includes the intracellular fluid (ICF) as well as the 
various extracellular fluids (FCFs) like blood (present within heart and blood vessels), 
tissue fluid (present in the interstitial spaces), lymph (present within lymphatics), 
aqueous humor (present in eye), cerebrospinal fluid or CSF (Present in the cavities 
of brain and spinal cord) etc. Blood, tissue fluid and lymph are the major extra- 
cellular body fluids which maintain a functional link between different tissues by 
transporting nutrients, respiratory gases, metabolic wastes, hormones, antibodies etc., 
from one tissue to another for proper functioning of the body as a whole. These three 
fluids are intimately related. The tissue fluid originates from blood and the lymph 
originates from tissue fluid, finally both tissue fluid and lymph drain into the venous 
blood. Different aspects of blood, tissue fluid and lymph are discussed in this chapter. 


2.2. Blood 

2.2.1. WHAT IS BLOOD ? 

Blood is the red coloured fluid. flowing through heart and blood vessels. Based 
on composition, blood is considered as a liquid connective tissue because it consists 
of some cellular elements suspended in a fluid matrix called plasma. Functionally, 
blood is a transport tissue of the body because it acts as a medium for transport of 
various materials from one part of the body to another. Thus, blood may be defined 
as a liquid connective tissue which circulates through heart and blood vessels to 
serve as a connecting link and a medium transport of materials between different 


organs of the body. 

2.2.2. BLOOD VOLUME 

The term blood volume refers to the total amount (volume) of blood present in 
the body. It includes the blood flowing in the circulatory system as well as that 
present in blood-stores. 


1 
The total amount of blood present in human body is about yo or 9% of the 


body weight. The average blood volume of normal adult men and women are 5 litres 
and 4.5 litres respectively. Blood volume is determined by dye dilution menog 
using the dye Evan’s blue (T 1824) or by radioactive method using e 
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Fe’ etc, The total volumes of blood cells and plasma present in the body are called 
cell volume and plasma volume respectively. 


2.2.3. SOME COMMON PHYSICAL PROPERTIES OF BLOOD 


[1] Nature : Blood is the softest tissue of the body. Due to the presence of 
cellular elements and plasma proteins, it is viscous and colloidal in nature. Its 
viscosity is 5 times that of water. 


[2] Colour : Blood is red in colour due to the presence of an iron containing red 
pigment called hemoglobin in it. The arterial blood is bright red whereas the venous 
blood is dark red ; this is due to the presence of oxidized (oxygenated) and reduced 
(deoxygenated) hemoglobin in arterial and venous blood respectively. 


[3] Taste : Blood has a salty taste because of the presence of various inorganic 
salts in it. 


[4] Reaction : Blood is slightly alkaline in reaction (pH 7.4). 


[5] Specific gravity : The average specific gravity of blood (at 15°C) is 1.057 
in males and 1.053 in females. 


[6] Coagulation : The blood remains in a fluid state within the blood vessels but 
when it is shed out of the vessels, it is readily converted into a jelly-like semisolid 
mass, the clot ; the process of clot formation is called clotting or coagulation. 


2.2.4. COMPOSITION OF BLOOD 


Blood is composed of two main constituents-the cellular elements and the fluid 
portion called plasma. The cellular elements are called 
blood cells or blood corpuscles that remain suspended 
in the plasma. The blood corpuscles are of three types— 
red blood corpuscles (or RBC in short), white blood 
| corpuscles (or WBC) and platelets. 

Plasma The fluid part of blood i.e., the plasma is a complex 

55% extracellular fluid consisting mainly of water in which 
| various organic and inorganic materials remain dissolved 
or mixed. Plasma contains most of the materials found 
in different tissues of the body because the tissues take 

Blood up raw materials for their metabolism: from plasma and 
|.Corpuscles| release most of their products into the plasma. The chief 
| 45% organic constituents of plasma are plasma proteins, 
nutrients, excretory products, hormones, antibodies, 
enzymes efc. Its main inorganic constituents include 
chloride, bicarbonate, phosphate, sulfate and iodide salts 
of metals like sodium, potassium, calcium, magnesium, 
iron, copper etc., and gases like Oz, CO, and Na. 


Fig. 2.1 : Proportion of 
cell and plasma in blood. 
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Chart showing composition of blood 
Blood 

J * 
Cells (45%) Plasma (55%) 


RBC WBC Platelet Water Solids Gases 
(91-92%) (8,9%) (02, CO», Na) 


L 
Granulocyte Agranulocyte 
| Organic Inorganic 
1 ＋ L 
Neutrophil Eosinophil Basophil 
Cations Anions 
(Na, K, Ca, (Cl, HCO}, 
Lymphocyte Monocyte Mg, Fe, PO% SO% 


Cu etc.) I etc.) 


p ary 1 J p 
Plasma NPN Carbohydrates Lipids Non-nitrogenous 
proteins compounds (mainly (Triglycerides, organic acids 
(Albumin, (Urea, Uric glucose) Phospholipids, (Fatty acids, 
Globulin, acid, Creati- Cholesterol Pyruvic acid, 
Fibrinogen & nin Amino etc.) Lactic acid, 
Prothrombin) acids, Xanthine Citric acid & 
Ammonia etc.) other acids derived 
from metabolism) 


Pigments Enzymes Hormones 
(Bilirubin & (Amylase, Lipase, 

Biliverdin) Phosphatase, 
Transaminase etc.) 


If a sample of unclotted blood (mixed with an anticoagulant) is taken in a graduated 
test tube and centrifuged (i.e. rotated at high speed in an instrument called centrifuge), 
the cells settle down the plasma very tightly so that the plasma can be easily separated 
by decantation. From this, it has been calculated that normal human blood contains 
about 45% cells and 55% plasma (by volume); that means, 100 ml of blood contains 
45 ml cells and 55 ml plasma. The volume percentage of cells in whole blood is 
called hematocrit yalue or packed cell volume (PCV); its normal value for human 


blood is 45%. 
The red blood cells consititute the majority of the cell volume of blood. The 
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plasma is composed of 91-92% water and 8-9% solids. Traces of gases like O,, 
CO, and N, remain dissolved in it. The major part of the solids present in plasma 
are proteins such as albumin, globulin, fibrinogen and prothrombin ; these are 
collectively called ‘plasma proteins’. 


2.2.5. FORMED ELEMENTS OF BLOOD OR BLOOD CORPUSCLES 


It has already been mentioned that the blood contains three types of cellular 
elements, namely red blood cells, white blood cells and platelets. But some of these 
are not typical cells as they do not possess all the characteristics of typical cells ; for 
example, the red blood cells and platelets are devoid of nucleus and certain organelles. 
So, the cellular elements of blood (i.e., those elements which have some structural 
form) are more reasonably termed as ‘blood corpuscles’ or ‘formed elements of 
blood’. The blood corpuscles may be easily distinguished by microscopic examination 


of a blood film stained with Leishman’s stain. 


} | f | 
Rp 4 | 
18 7 | Red Blood 


A Corpuscle 
Lymphocyte (Erythrocyte) 


YS sei a 


Eosinophil 


L 


| Small 


| _ Platelets, 
| Lymphocyte (Thrombocytes) 


; 


Basophil 


Fig. 2.2 : Different types of blood corpuscles in a blood film. 


2.2.6. RED BLOOD CORPUSCLES (OR RBC) 


© Definition of RBC: The formed elements of blood which contain the red pigment 
hemoglobin for carriage of oxygen are called red blood corpuscles or erythrocytes 
(Gr. erythro = red, cyte = cell). 

® Discovery of RBC : The red blood corpuscles were first observed in fish blood 
by the Dutch scientist Anton Van Leeuwenhoek in 1674 with the help of a microscope 
devised by him. 
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o Structure of RBC: The mammalian red blood corpuscles are circular, biconcave, 
disc-like structures. They appear to be biconcave because their central portions are 
less thick than the periphery. In a side view or cross section, they look like dumb- 
bells. The red cells are soft, flexible and elastic so that they can easily squeeze and 
pass through fine capillaries and again acquire their original shape. The average 
diameter of mature red cells is 7.2 um. Their peripheral and central portions are 
about 2.2 pm and 1.0 pm thick respectively. In man and other mammals, the mature 
red cells are non-nucleated and possibly this is the reason why the central portion 
of these cells exhibit a depression. In the primitive (developing) red, cells, nucleus 
is present but it is lost during the course of maturation, Certain premature red cells 
are also found in the circulating blood in small numbers which do not contain 
nucleus but show the presence of small amount of chromatin reticulum. These are 
called reticulocytes. In mature red cells, certain cytoplasmic organelles such as 
mitochondria, Golgi body, endoplasmic reticulum, ribosome, centriole etc., are also 
absent. So, the red cells are considered as ‘formed elements’ of blood instead of 
typical cells. In the non-mammalian vertebrates, the red cells are oval, biconvex and 
nucleated. a! 

In mammalian RBC, the absence of 
nucleus is of great advantage. It gives 
the red cells their biconcave shape and 
makes room for more hemoglobin. The 
biconcave shape of the red cells is also 
of great benefit because-(i) it allows 
considerable alteration of the cell 
volume without increasing tension of the 
cell membrane; (ii) it allows easy 
folding of the red cells when the cells 
pass. through fine capillaries; (iii) the 
biconcavity helps to distribute the 
hemoglobin in a thin layer which 
facilitates gaseous exchange. 

The red cells are filled with the red 
pigment hemoglobin (also written as 
haemoglobin ; in short Hb) which is an iron containing chromoprotein. It is made 
up of an iron porphyrin compound called heme (also written as haem) and a protein 
called globin. A single RBC appears to be light brown or yellowish in colour under 
the microscope. But when seen in bulk the red cells appear to be red. The red cells 
of normal blood show an incipient tendency to cling together in chains ; this is called 
rouleaux“ formation. 

@ Number, Volume and Hemoglobin content of RBC : The total count (Hot 


RBC (ile, number of RBCs present in 1 cu. mm. of blood) in normal adult man is 
about 5 million/cu. mm- In case of normal adult woman, it is slightly lower and is 


Rouleau Formation 


Sectional View 


Fig. 2.3; Red blood corpuscles. 


* Singular rouleau ; in French, it means a roll of red cells resembling a pile of coins. 
ae The number of a particular type of blood cell per cubic millimeter or microlitre (cu. mm. oF pl) of blood 
is referred to as total count (or TC) or that variety. The instrument used for determining the total count of 


RBC and WBC is called hemocytometer (Neubauer Hemocytometer). 
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about 4.5 million/cu. mm. Reduction in the number of red cells below normal is 
known as anemia or oligocythemia and an abnormal increase in the red cell count 
is called polycythemia. 

The red cells have an average volume (i.e., mean corpuscular volume or MCV 
of about 87 femtolitres (fl = 105 litres = cubic micrometer). The average amount 
of hemoglobin present in a single, normal, mature red cell ee e., the ae n 
hemoglobin or M C H) is about 29 picograms (pg = 10° pg = 10° mg= 10712 g): 


© Origin of RBC : Erythropoiesis : In the early foetal life, the red cells are formed 
in the liver, spleen and thymus. But in the late foetal life, this function is taken over 
by the red bone marrow which continues to act as the sole site of red cells formation 
in the postnatal life. Before puberty, all the bones contain red marrow and actively 
participate in red cell formation. But after puberty, the marrow of long bones become 
inactive, and red cell formation is carried out by the flat bones only which contain 
the red marrow. 

A ted cell originates from a large stem cell called hemocytoblast. The process 
of formation of red cells is termed as ‘erythropoiesis’. It includes three basic 
phenomena—{1J repeated cell division (or cell proliferation) and reduction in size of 
the cell. [2] loss of the nucleus and [3] accumulation of hemoglobin. Erythropoiesis 
proceeds through the following stages : 

Hemocytoblast — Proerythroblast — Early normoblast —> Intermediate 
normoblast — Late normoblast —> Reticulocyte —> Erythrocyte or mature 
RBC. In this process, cell proliferation by mitotic division occurs upto the stage of 
intermediate normoblast. At this stage (intermediate normoblast), Hb appears in the 
cells. In the later part of this stage, when plenty of Hb accumulates in the cells, they 
stop dividing. The remaining part of the process involves cell maturation. The nucleus 
is lost at the stage of late normoblast and Hb synthesis continues to occur upto the 
stage of reticulocyte. The reticulocytes are so named because they show a net-like 
structure (reticulum) in the cytoplasm when stained with a vital stain (cresyl blue). 
From this stage, the cells begin to appear in the circulating blood. Formation of 
mature erythrocyte from proerythroblast takes a time of about 9 days of which 7 days 
are required for formation of reticulocyte from the proerythroblast and 2 days are 
required for maturation of reticulocyte to erythrocyte. 

Formation of RBC in the bone marrow is controlled by a glycoprotein called 
erythrocyte stimulating factor (ESF) or erythropoietin. When there is a lack of O, 
supply in the body (i. e., hypoxia), the kidney secretes an enzyme (called erythrogenin 
or erythropoietin forming enzyme or renal erythropoietic factor) in plasma which 
produces erythropoietin from a plasma protein fraction. The erythropoietin inturn 
stimulates the red bone marrow to produce RBC. In this way, the production of RBC 
is nicely adjusted according to the need of O, supply in the body. Various factors 
are required for erythropoiesis. These include nutritious diet containing adequate 
protein, vitamins (B12, folic acid, C etc.) and minerals (Fe, Co, Cu etc.), gastric 
intrinsic factor and some hormones (thyroxine, corticosteroids, growth hormone 
etc.). 


© Life span and Fate of RBC: Fate of Hemoglobin : The average life span of 
red cells is 120 days, after which the circulating senile red cells become fragile and 
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are phagocytosed by the macrophages or reticulo-endothelial cells (R-E cells) of 
liver, spleen and bone marrow. The heme part of the hemoglobin released from the 
broken red cells is catabolised to form bilirubin and biliverdin that are excreted in 
bile as the bile pigments. The iron and the globin parts of hemoglobin are reused in 
the body. 


© Functions of RBC : 


[1] Transport of gases—The red cells play a very important role in transport of 
respiratory gases (O) and CO3) by blood. The hemoglobin present in RBC carries 
O; and CO, by forming the compounds oxyhemoglobin and carbaminohemoglobin 
respectively. The enzyme carbonic anhydrase present in RBC helps in carriage of 
CO, as bicarbonate. 

[2] Acid base balance The hemoglobin present in red cells forms a buffer 
system which helps to maintain acid-base balance (or pH balance) of the body. 

[3] Viscosity and specific gravity—The red cells determine the viscosity: and 
specific gravity of blood that are ‘directly proportional to the number of red cells 
present in blood. 


@ Abnormal forms of erythrocytes : A normal RBC is called normocyte. When 
the volume (size) of the red cells are larger than normal they are called macrocytes 
and the condition is referred to as macrocytosis. Conversely, when the red cells are 
smaller than normal, they are called microcytes and the condition is termed 
microcytosis. RBCs of abnormal shape and size are called poikilocytes. Poikilocytosis 
means presence of red cells of different abnormal shapes and sizes. When the red 
cells instead of being biconcave become spherical, they are called spherocytes and 
the condition is termed spherocytosis. Anisocytosis refers to the condition when red 
cells are of different sizes. 


© Hemolysis : Fragility of RBC : Hemolysis means breaking or lysis or red blood 
cells with release of hemoglobin in plasma. It is also called laking of blood. The 
tendency to hemolyse is called fragility. A red cell is said to be more fragile when 
it breaks easily. ; 

If normal RBCs are kept in normal saline (0.9% NaCl solution), they remain 
intact for hours. But if the red cells are placed in distilled water or very diluted 
solution of NaC! (hypotonic saline), water enters into the cells and they swell up and 
finally burst (hemolyse) within a short time. Hemolysis occurs more quickly in 
spherocytes (i. e., they are more fragile) than the normocytes, because the spherocytes 
have less scope to swell and they burst easily. It has been observed that normal red 
cells (or normocytes) start hemolysing at 0.48% saline and are completely hemolysed 
at 0.33% saline. Blood may be hemolysed by rupturing the RBC membrane in 
various ways as follows : [1] by causing osmotic disturbance (i. e., by adding distilled 
water or hypotonic saline) ; [2] by adding fat solvents like ether, chloroform, benzene 
etc. ; [3] by disturbing the surface tension of the RBCs (e.g., by adding bile salts or 
saponin) ; [4] by alternate freezing and thawing ; [5] by incompatible transfusion ; 
[6] by vigorous stirring and shaking ; [7] by adding bacterial hemolysins, snake 
venoms or certain drugs like quinine, nitrites, chlorates etc. 
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2.2.7. HEMOGLOBIN (Hb) 


© Definition: Hemoglobin is the red pigment of blood. 

Chemistry: Hemoglobin is a chromoprotein or metalloprotein type of conjugated 
protein consisting of two parts—a prosthetic group called heme (or haem) which is 
an iron containing pigment and a histone type simple protein called globin (hemoglobin 
= heme + globin). Heme is a ferrous iron (Fe**) containing porphyrin compound. 
Each hemoglobin molecule consists of 4 heme units and a globin. The globin is a 
protein made up of 4 polypeptides. Each heme remains attached to one polypeptide. 
The molecular weight of hemoglobin is 68000. Hemoglobin has the unique property 
of combining with oxygen reversibly. 

Normal values of Hb content of blood : The amount of Hb present (or 
concentration of Hb) in blood is expressed in g% i.e., grams of Hb per 100 ml blood, 
Normal human blood contains about 14.5¢% Hb (i.e., 14.5g Hb per 100 ml blood). 
In normal adult males, it varies between 14—18g/100 ml ; while in females, the value 
is slightly lower, varying between 12-15g/100 ml. The instrument used to determine 
hemoglobin concentration of blood is called hemometer or hemoglobinometer. 
Sahli devised an instrument of this type (Sahli’s hemoglobinometer) and described 
a method for determination of Hb concentration in blood (Sahli’s method) which is 
most commonly used. Clinically, the amount of Hb in a blood sample is also expressed 
as percentage of normal (i.e., Hb%) and the normal value of 14.5g% is taken as 
100% for comparison. For example, 50% Hb means half of the normal amount i.e., 
7.25g%. 

@ Physiological variations of the Hb concentration: The concentration of Hb in 
blood may vary under certain normal physiological conditions as follows : 

[1] Age: In the foetus, Hb concentration is highest. At birth, it is about 23 g%. 
Then it falls below normal and finally rises again to the normal level in adults. 

[2] Sex : In females, the amount of Hb is slightly lower than males. 

[3] Altitude : In high altitude (hill) dwellers, the Hb level is higher than those 
dwelling at sea level. 

[4] Exercise, excitement erc., increase the blood level of Hb. 

[5] Diurnal variation: In the morning, the Hb level is lowest and in the evening 
it is highest. 

It should be noted that the above mentioned variations of Hb content in blood is 
mainly due to alteration of RBC count and not due to any change in the amount of 
Hb in each RBC. The Hb content is proportional to the number of RBC. 
© Origin of Hb : Hemoglobin is synthesized in the developing RBCs in the red 
bone marrow. Hb appears first in the stage of intermediate normoblast and synthesis 
of Hb continues upto the stage of reticulocyte during erythropoiesis. 
© Functions of Hb: 


[1] The chief function of hemoglobin is transport of O, from lung to tissues in 
the form of oxyhemoglobin. 


[2] It also helps in transport of CO, by combining with CO, to form 
carbaminohemoglobin. 


[3] Hb forms an important buffer system in blood for maintenance of acid-base 
balance in the body. 


[4] Various pigments of bile, urine and stool are formed from Hb. 
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© Normal varieties of Hb : In normal humans, two types of hemoglobins are 
found—adult hemoglobin (HbA) and foetal hemoglobin (HbF). In the foetal blood, 
the hemoglobin remain almost entirely in the form of HbF which is replaced by the 
HbA after birth. A small quantity of HbF persists in the blood for some weeks or 
months after birth. The HbF and HbA differ chemically due to some variation in 
their globin portion. HbF has a greater affinity for O, and releases CO, more readily 
than HbA. This property is of great importance because due to this, the foetal blood 
(HbF) can take up O, from and give up CO, to the maternal blood (HbA). 


© Compounds derived from Hb: 


[1] Oxyhemoglobin-It is an unstable compound formed by combination of O2 
with the ferrous iron of Hb. 

[2] Methemoglobin-It is a stable compound formed by combination of O, with 
the iron of Hb when it is in ferric form (Fe) 

[3] Carboxyhemoglobin or Carbon monoxy hemoglobin-This compound is 
formed by combination of carbon monoxide (CO) with the ferrous iron of Hb. It is 
a very stable compound because Hb has the highest affinity for CO. Formation of 
this leads to poisoning of Hb (CO poisoning) when the Hb fails to bind O2. 

[4] Carbohymoglobin or Carbaminohemoglobin-It is formed by combination 
of CO, with the globin portion of Hb. 

[6] Nitric oxide hemoglobin-It is formed during nitric oxide (NO) poisoning by 
combination of NO with the iron of Hb. 

[7] Other compounds-In addition to the above mentioned iron containing 
compounds of hemoglobin, various other iron-containing and iron-free products may 
be derived by reactions involving denaturation and breakdown of Hb. The iron- 
containing products include AHA] hematin (acid hematin and alkali hematin), 
[B] hemin, [C] hemochromogen, [D] heme (or haem), [E] cathemoglobin etc. The 
iron-free derivatives of Hb include—[A] hematoporphyrin, [B] hemopyrrole, 
[C] hematoidin, [D] bilirubin (bile pigment) and other pigments derived from it 
e.g, biliverdin, urobilinogen etc. 
© What would happen if the Hb remained dissolved in plasma instead of being 
enclosed within the RBCs ? Or What are the hazards of excessive hemolysis ? 

If Hb would have remained dissolved in plasma instead of being enclosed within 
the RBCs, it would have created some hazards as occurs in cases of excessive 
hemolysis. These are as follows : 

[1] This would increase the viscosity of blood so that it would be difficult for the 
heart to move the blood ; that means it would put extra load on heart. 

[2] The molecular weight of Hb is 68000 ; hence, if it is present in dissolved form 
in plasma, it will be filtered through the kidneys and excreted in urine (hemoglobinuria) 
ultimately leading to renal failure. 

[3] Hb present in plasma would be quickly taken up and catabolized by the RE 
cells leading to formation of bile pigments. Excessive formation of bile pigments 
would lead to jaundice. 

[4] In transport of respiratory gases (CO, and Oy), Hb plays an important role 
jointly with the enzyme carbonic anhydrase which is present in RBC. Thus, if Hb 
is not present within RBC, gaseous transport in the body would be impaired. 


2253—62 
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What are the advantages (or significances) of inclusion of Hb within the 
RBCs ? 

Inclusion of Hb within the RBCs is advantageous in the following respects : 

[1] It prevents rise of viscosity of blood. 

[2] It prevents excretion of Hb through urine. 

[3] It protects the Hb from being catabolized quickly by the RE cells. 

[4] It facilitates transport or respiratory gases due to the presence of carbonic 
anhydrase in RBCs. 


2.2.8. ANEMIA (OR ANAEMIA) 


Definition: Anemia is a pathological state characterized by deficiency of either 
hemoglobin or erythrocytes or both in the circulating blood. 

Anemia is caused primarily by blood loss from the body or when the rate of 
production of RBC is less than the rate of its destruction ie., when formation of 
RBC is inadequate or defective or there is excessive destruction of RBC. The net 
effect of anemia is insufficiency of O, supply to the tissues leading to hypoxia. 
© Types (or classification) of anemia : Anemia is conventionally classified in two 
ways [I] Morphologically and [II] Etiopathologically. 

I. Morphological classification : According to the morphological changes in 
RBC, anemias may be classified into the following types: 

[1] Normocytic anemia : In this type, the RBCs have normal morphology (i.e., 
size, shape, structure efc.), but their number is decreased (i.e., the red cell count is 
low). In this case, the MCV and MCH are normal, hence it is also called 
normochromic anemia. It occurs when there is less erythropoiesis as in bone marrow 
depression or there is excessive hemolysis. 

[2] Microcytic anemia : In this type, the RBCs are smaller than normal. It occurs 
in deficiency of iron or in thalassemia when due to less Hb synthesis the RBCs 
contain less Hb and become smaller (de, MCH and MCV are low). It is also called 
hypochromic anemia. 

[3] Macrocytic anemia : In this case, the RBCs are larger than normal. It occurs 
in deficiency of vitamin B 12 or folic acid or gastric intrinsic factor, when due to 
impairment of cell division, erythropoiesis is decreased. As a result of this, fewer 
number of large, nucleated red cell precursors called megaloblasts appear in blood. 
This type is also called megaloblastic anemia or pernicious anemia. 

[4] Other morphologically distinguished types of anemias : There are some 
other less common varieties of anemias that can be distinguished by the morphological 
characteristics of the RBCs. These include- sickle cell anemia, spherocytic anemia 
etc., in which the RBCs become fragile and there is increased hemolysis. 

Sickle cell anemia is caused by malformation of Hb. In this, an abnormal type 
of hemoglobin called HbS is formed instead of normal HbA. Due to the presence 
of HbS in the RBCs, they become sickle shaped and highly fragile. j 

Spherocytic anemia is associated with hereditary speherocytosis in which the 
RBCs become spherical and hence more fragile. 

II. Etiopathological classification : According to the cause (etiology) of the 
disease anemias may be classified as follows: 

II] Anemia due to blood loss (or Hemorrhagic anemia) : It may again be of 
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two types—(i) anemia due to acute (sudden) severe hemorrhage (as in case of 
surgery or accidents) and (ii) anemia due to chronic (persistent) blood loss (as in 
ulcers, piles etc.). In cases of acute blood loss, the plasma is restored within a short 
time leading to hemodilution. Whereas in cases of chronic blood loss, there occurs 
deficiency or iron leading to hypochromic microcytic anemia. 

[2] Anemia due to impaired erythropoiesis : This may occur primarily due to 
two reasons : 

(i) Failure of bone marrow function (Aplastic anemia) : It may also be caused 
by excessive exposure to X-ray or y-ray, cancer of bone marrow, poisoning of bone 
marrow by certain chemicals, renal diseases etc. 

(ii) Defective formation of RBC : It is not caused by any defect of bone marrow 
but is caused by formation of defective RBCs due to several reasons e.g., deficiency 
of vitamin Bj», folic acid and gastric intrinsic factor (megaloblastic or macrocytic 
anemia), deficiency of iron (microcytic hypochromic anemia), deficiency of other 
vitamins like vitamin C, pyridoxine, riboflavin etc., intestinal disorders like diarrhoea 
and sprue in which absorption of amino acids, vitamins and iron is impaired. 

[3] Anemia due to excessive hemolysis (Hemolytic anemia) : In this type, the 
RBCs are highly fragile so that there is excessive hemolysis to reduce the red cell 
count and Hb%. It includes different types e.g., sickle cell anemia, thalassemia (or 
Mediterranean anemia or Cooley’s anemia), congenital hemolytic (spherocytic) anemia, 
anemias caused by diseases like malaria, syphilis, immunohemolytic anemia (hemolysis 
by antibodies against the RBCs) etc. 


2.2.9. WHITE BLOOD CORPUSCLES (OR WBC) 


© Definition of WBC : Those blood cells which are colourless, nucleated, capable 
of active amoeboid movement and concerned with defence mechanism of the body 
are called white blood corpuscles or leucocytes* (Gr. leuco = white, cyte = cell). 


© Structure and Classification of WBC: White blood corpuscles are much larger 
than red blood cells. They possess nucleus of varying shape and size. Most of the 
white blood cells can form pseudopodia and show active amoeboid movement. So, 
they do not have a definite shape. These cells are devoid of hemoglobin or any other 
pigment, hence they are colourless. White blood cells have been classified on the 
basis of their nuclear structure and staining property of the cytoplasm. They are of 
two main types [1] granulocytes and [2] agranulocytes. 


[1] Granulocytes : These cells are so named because they have a granular 
cytoplasm. The nucleus is usually lobed. Granulocytes are again divisible into three 
subclasses—neutrophil, eosinophil and basophil, depending on the staining affinites 
of their cytoplasmic granules. 

[A] Neutrophil-The cytoplasm of these cells contain numerous, fine granules 
that are stained by neutral dyes. The nucleus is 2-7 lobed ; hence, they are also 
called polymorphonuclear leucocytes. The older is the cell, the greater is the number 
of lobes in the nucleus. The diameter or these cells vary between 10-12 pm. 

[B] Eosinophil-The cytoplasmic granules of these cells are numerous, coarse 
and stained with acid dyes like eosin (red). They are also called acidophil cells. The 


* Leucocyte is also written as leukocyte. 
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nucleus is often 2-3 lobed and stained less deeply than that of neutrophils. Diameter 
of eosinophils is more or less same as that of neutrophils ranging between 
10-12 pm. 
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Fig. 2.4 : Different types of leucocytes. [A] Neutrophil, [B] Eosinophil, [C]: Basophil, 
[D] Large lymphocyte, IE] Small lymphocyte, [F] Monocyte. 

[C] Basophil—Basophils are also known as cyanophils. These cells contain 
coarse granules that are stained by basic dyes (blue). The granules or these cells are 
relatively fewer in number than those found in eosinophils. The nucleus of basophils 
is kidney shaped or incompletely lobed. Basophils are relatively smaller in size 
having a diameter ranging between 8-10 pm. 
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[2] Agranulocytes : These leucocytes are so named because their cytoplasm does 
not contain any granule. Unlike the granulocytes, the nucleus of agranulocytes is not 
lobed. Agranulocytes are of two types— lymphocyte and monocyte. 


[A] Lymphocyte : These are structurally divisible into two varieties, small 
lymphocyte and large lymphocyte. Small lymphocytes are smallest in size among 
the leucocytes. Their size is more or less equal to that of the red cells, ie. their 
diameter is about 7-8 m. The nucleus is relatively large and round and occupies 
almost the entire cell so that the cytoplasm forms a thin rim around the nucleus to 
Separate it from the cell membrane. 

Large lymphocytes are relatively larger than the former and have a diameter of 
about 10-12 um. Their nucleus is also large and occupies major part of the cell but 
the cytoplasm is relatively more than small lymphocytes and forms a wider zone 
around the nucleus. The nucleus is often spherical or oval in shape. In some large 
lymphocytes, the nucleus may be slightly depressed at one side so that it appears to 
be kidney shaped. 


[B] Monocyte : These are the largest leucocytes, having a diameter of 16-18 um. 
The nucleus is usually kidney shaped or horse-shoe shapped. In young cells. the 
nucleus may be oval or round, The nucleus is eccentric in position and is surrounded 
by a large amount of clear non-granular cytoplasm. 
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Thus, we see that it is difficult to distinguish a monocyte from a large lymphocyte 
by the shape of their nuclei because in both cases it may be kidney-shaped, oval or 
round. However, these two types of leucocytes may be distinguished by the position 
of their nuclei ; the monocytes have an eccentric nucleus whereas in the large 
lymphocytes, the nucleus is central in position. 


Number of WBCs (Total count, Different count and Arneth count): 


In normal adult human blood, the total count (or T C) of leucocytes (de, the 
total number of all varieties of leucocytes per cubic millimeter or microlitre of blood) 
is 6000-8000. Counts within 4000-11000 are considered as normal. Reduction of 
the count below 4000 is called leucopenia and increase of it above 11000 is called 
leucocytosis. 

The percentage of different varieties of leucocytes (i.e., the number of each 
variety of WBC per 100 leucocytes) is known as the differential count or D C. In 
normal adult human blood, the DC is as follows : Neutrophil 60-70%, Eosinophil 
2-4%, Basophil 0-1%, Lymphocyte 25-30% and Monocyte 5-10%. Thus, we see 
that among the leucocytes, neutrophils are most abundantly found and basophils are 
most scarcely found in normal human blood. 

The percentage of different varieties of neutrophils depending upon the number 
of nuclear lobes (Ve, the number of each varieties of neutrophil per 100 neutrophils) 
is called Arneth count or Arneth index. The Arneth count for normal blood is as 
follows: one lobed 5-10%, two lobed 25-30%, three lobed 45-47%, four lobed 
16-18% and five or more lobed 2%. Thus, the three lobed neutrophils are most 
abundant in normal blood. 


@ Origin of WBCs : Leucopoiesis :The granulocytes, ie., neutrophils, eosinophils 
and basophils originate from the bone marrow. The agranulocytes e.g., lymphocytes 
and monocytes originate mainly from the lymph nodes, spleen and thymus and to a 
small extent from bone marrow. Small lymphocytes are produced by further maturation 
(not multiplication) of the large lymphocytes. 


© Life span and fate of WBCs : Different leucocytes stay in the circulating blood 
for different periods. The life span of different varieties of leucocytes is as follows: 
neutrophils 2-4 days; eosinophils 8-12 days; basophils 12-15 days; lymphocytes 
2-3 days and monocytes a few hours only. Thus, the leucocytes are much short 
lived than the erythrocytes. The granulocytes disintegrate and are broken down in 
blood from where they disappear. The lymphocytes enter into the tissues from the 
blood and again may be carried to blood through the lymph. Thus, although the 
lymphocytes are quickly removed from the blood, they remain in the body for 
several days. The monocytes enter into the tissues and are converted to phagocytic 
cells called macrophages that may persist in the body for several months to years. 

The WBCs are described as wandering cells and they are not always confined 
to the blood vessels. Due to their amoeboid properties, they can pass through intact 
blood vessel walls ; this is called diapedesis. These cells are attracted to areas of 
infection or inflammation by the chemical substances released in the affected areas. 


Functions of WBCs : 
The leucocytes are mainly concerned with the defence mechanism of the body. 
In this process they help in the following ways : 
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[1] Phagocytosis—The neutrophils and monocytes are phagocytic in nature. They 
engulf bacteria and digest them, thereby protecting the body from infections. 

[2] Antibody formation—The lymphocytes manufacture antibodies and provide 
immunity to the body. 

[3] Fibroblast formation—The lymphocytes are converted into fibroblast cells 
in the inflammated or injured tissues and help in the process of tissue repair. 

[4] Heparin secretion—The basophils secrete heparin which is an anticoagulant 
and helps in preventing intravascular clotting, 

[5] Antiallergic action—Eosinophils may inhibit the allergic reactions. These 
reactions are caused by a chemical compound called histamine. Esinophils accumulate 
in the tissue where allergy is developed and remove the histamine ; probably due to 
this reason, the eosinophils are rich in histamine. In allergic conditions (e.g. asthma 
etc.), the eosinophilic count is increased which is known as eosinophilia. 

[6] Trephone formation—Leucocytes manufacture certain substances called 
trephones from plasma proteins. The trephones help in nutrition, growth and repair 
or tissues. 


2.2.10, PLATELETS 


© Definition of platelet’s : Platelets are the smallest formed elements of blood 
which are concerned with clotting of blood. These are also called thrombocytes (Gr. 
thrombus = clot, cyte = cells). The name ‘platelet’ was given by Bizzozero. 

© Structure of platelets : The platelets are smallest formed elements of blood, 
having an average diameter about 2.5 Am. These are non-nucleated, round or oval, 
biconvex disc-like membrane bound fragments of protoplasm. In blood films, they 
are generally found in clumps. 

Number (Total count) of platelets : The average number of platelets present per 
cubic millimeter (cu. mm) or microlitre (ul) of normal human blood is 200,000- 
400,000 (2—4 lac). A marked fall in the platelet count is called thrombopenia which 
is associated with impairment of blood clotting. 

® Origin of platelets : Platelets are formed in the red bone marrow from the giant 
multinucleated cells called megakaryocytes (Gr. mega = large ; karyon = nucleus; 
cyte = cell). These cells give out pseudopodia like projections that are split off as 
membrane bound fragments of cytoplasm to form the platelets. 

© Life span and fate of platelets : The average life span of platelets is 5-9 days 
after which they are destroyed by the spleen and other reticulo-endothelial cells (RE 
cells). 


® Functions of platelets : 


[1] Blood clotting : When blood is shed, the platelets disintegrate and liberate 
thromboplastin which initiates the clotting process. 

[2] Repair of capillaries : The circulating platelets adhere to the damaged part 
of capillary endothelium if any, and help in its repair. For this reason, when the 
number of platelets in blood is reduced, there is a tendency of hemorrhage beneath 
the skin and mucous membrane. This is known as purpura. 

[3] Hemostasis : When the platelets disintegrate during hemorrhage, they also 
liberate serotonin which is a vasoconstrictor substance. Thus, the platelets help in 
hemostasis (arrest of bleeding) by the joint effect of clotting and vasoconstriction. 
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2.2.11. FUNCTIONS OF BLOOD : FUNCTIONS OF CIRCULATORY 
SYSTEM 


Blood performs various functions in the body that can be grouped under three 
broad headings [1] transport, [2] homeostasis and [3] body defence. These are 
described below in brief. 

[1] Transport : The chief function of blood is transport of materials in the body. 
Hence, the blood is also called transport tissue of the body. The transport functions 
served by blood are as follows : 

[A] Transport of nutrients for nutrition—The nutrients absorbed from 
alimentary canal are carried by blood to various tissues for their nourishment. 

[B] Transport of gases for respiration—Blood helps in respiration by carrying 
O, from lungs to tissues and CO, from tissues to lungs. 

[C] Transport of waste matters for excretion—Blood helps in excretion by 
transporting waste matters from the site of their production to the excretory organs 
like kidney, skin etc., so that they can be excreted through urine and sweat. 

[D] Transport of hormones—Hormones secreted by the endocrine glands are 
carried to their target tissues through the blood. 

[2] Homeostasis : Blood is the connecting link between different tissues of the 
body. Thus, it helps in maintaining the homeostasis or equilibrium of various materials 
in the body by coordinating the functions of different tissues. This includes— 

[A] Acid-base balance—Blood contains buffers that prevent change of pH in the 
body and maintain the acid-base balance. 

[B] Fluid balance—The regulation of water and electrolyte content (i.e. fluid 
content) of the body is mediated through the blood. 

[C] Body temperature balance—Blood helps to distribute the heat uniformly 
over the body, It helps in heat loss by radiation from the cutaneous capillaries. In hot 
climate or when heat production in the body is high, there occurs cutaneous 
vasodilatation which facilitates heat loss. Conversely in cold climate, there is 
vasoconstriction in skin for preventing heat loss from the body. Blood can absorb 
large amount of heat because of its high specific heat. 

[D] Metabolic balance—Blood helps in metabolism of tissues by supplying food 
and oxygen to them. Moreover, the hormones present in blood regulate the metabolic 
balance in the body. 

[3] Body defence : Blood helps in the defence mechanism of the body in two 
ways— 

[A] Phagocytic action of WBC—Neutrophils and monocytes protect the body 
from bacterial invasion by virtue of their phagocytic action. 

[B] Antibody formation—Lymphocytes provide immunity of the body by forming 
antibodies from the y-globulin fraction of plasma proteins. 


Bee ee eee REVISIONS a eee eee 


Plasma—The fluid part of blood in which the blood cells remain suspended. 
Erythrocyte—The red blood corpuscles (RBC). 
Leucocyte—The white blood corpuscle (WBC). 
Thrombocyte—The platelet. 
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Hematocrit value (or Packed cell volume) Ilie volume percentage of cells in 
whole blood. 

Formed elements of blood—Blood corpuscles or cellular elements of blood i.e., 
those elements of blood which have some structural form and are visible under 
microscope. 

Rouleaux formation—Clinging together of red blood cells in chains. 
Hemocytoblast—The large stem cells from which all the blood cells are produced. 
Hemocytometer—An instrument for determining the total count of blood cells. 
Hemometer—An instrument for determining the hemoglobin content of a blood 
sample. 

Polymorphs—The neutrophil leucocytes. 

Acidophil—Eosinophil leucocyte. 

Cyanophil—Basophil leucocyte. 

Total count (TC)—The total number of a particular type of blood cell in I cu. 
mm blood. 

Differential Count (DC)—The percentage count of different type of WBCs. 


2.2.12, PLASMA PROTEINS 


The proteins present in blood plasma are called plasma proteins. These are 
mainly of four types—albumin, globulin, fibrinogen and prothrombin. Normal human 
blood plasma contains 6.5-7.5% plasma protein (i.e., 6.5-7.5 g protein per 100 ml 
plasma). Among the plasma proteins, the albumin is found in highest concentration 
and prothrombin is present in lowest concentration. Albumin and globulin of plasma 
are also found in serum (the fluid separated from blood after clotting) ; hence these 
are also called serum albumin and serum globulin respectively. On the other hand, 
the two other plasma proteins namely fibrinogen and prothrombin are used up in 
clotting, hence these are not found in serum. 

The chief source of plasma proteins in our body is the liver. Albumin, fibrinogen 
and prothrombin are produced from the liver only, whereas globulin is produced 
from the liver as well as some extrahepatic tissues like lymph glands (or lymph 
nodes) and degenerating blood cells. 

The physiological functions of plasma proteins are as follows : [1] maintenance 
of colloidal osmotic pressure of blood ; [2] maintenance of viscosity of blood and 
blood pressure ; [3] to help in clotting of blood ; [4] maintenance of pH of blood 
by acting as buffers ; [5] to help in CO, transport in the body ; [6] to act as protein 
reserve of blood ; [7] production of antibodies ; [8] maintenance of erythrocycte 
sedimentation rate (ESR) ; [9] transport of various materials e.g. hormones, enzymes, 
metals etc. in blood ; and [10] production of trephones (substances formed by 
leucocytes from plasma proteins) that are necessary for nourishment of tissues. 


2.2.13. COAGULATION (OR CLOTTING) OF BLOOD 


Definition: Coagulation (or clotting) of blood is a physico-chemical process by 
which the blood loses its fluidity and turns into a semisolid jelly. 
When examined under high power microscope, blood clot appears to be composed 
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of a network of fine thread-like fibrils among which the blood cells are entangled. 
These fibrils are composed of a protein called fibrin. Clotting is a very important 
property of blood because it helps in hemostasis (arrest of bleeding) by plugging the 
ruptured blood vessel. 


Mechanism of blood clotting : 


Clotting of blood is a complex process, the basic mechanism of which is formation 
of fibrin threads (insoluble) from the plasma protein called fibrinogen (soluble). 
The fibrin threads then form a mesh within which the red and white blood cells 
become entangled. Formation of fibrin from fibrinogen is catalyzed by an enzyme, 
thrombin. This enzyme is normally not present in blood. During clotting, thrombin 
is formed from another plasma protein called prothrombin by the action of the 
enzyme, thromboplastin. Thromboplastin is also not present in blood normally. It 
is formed only when a blood vessel is ruptured or damaged. 

Thromboplastin may originate from two sources : [1] from platelets which 
disintegrate when they come in contact with the injured surface, and [2] from the 
damaged tissue-cells of the injured area. The processes of formation of thromboplastin 
from disintegrating platelets and damaged tissue-cells are referred to as intrinsic 
mechanism and extrinsic mechanism respectively because platelet is a constituent 
of the blood itself but the damaged tissue is not. In both the mechanisms, various 
other factors present in plasma also interact and the formation of thromboplastin is 
actually a multistep process. Calcium ion is essentially required for coagulation. For 
this reason, clotting is prevented in absence of Ca** in blood. 

From the above description it is apparent that the process of clotting includes 
three main phases: [1] formation of thromboplastin, [2] formation of thrombin from 
prothrombin and [3] formation of fibrin from fibrinogen. The basic process of clotting 
is summarized below schematically. 


Disintegrating platelets Damaged tissue-cells 


Intrinsic Extrinsic 
mechanism mechanism 
Thromboplastin 
Ca 


Prothrombin ——————~> Thrombin 


Fibrinogen Fibrin (clot) 


Vitamin K helps in clotting by taking part in synthesis of the plasma protein 
prothrombin in liver. In deficiency of this vitamin or in liver diseases, blood clotting 
is impaired. 

After the formation of clot, the clot retracts (due to the retraction of fibrin 
threads) and a straw coloured fluid called serum is separated, Thus, the serum is 
blood minus the clot (serum = blood — clot). Serum ean also be broadly considered 
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as plasma minus the proteins fibrinogen and prothrombin that are used up in 
coagulation, i e., serum = plasma - (fibrinogen + prothrombin). 


@ Anticoagulants : 


Chemical substances which on being mixed with blood prevent coagulation are 
called anticoagulants. These are used to keep a sample of blood in fluid state. 
Oxalate and citrate salts of sodium and potassium, and heparin are most commonly 
used anticoagulants. When oxalates or citrates are mixed with blood, they remove 
the Ca** ions by precipitating them as calcium oxalate or calcium citrate and as a 
result clotting is prevented. An oxalated blood sample can be coagulated by adding 
excess of calcium to it so that some Ca“ ions are available after saturating all the 
oxalate ions. In blood banks, sodium citrate is the preferred anticoagulant for storage 
of blood because it can be easily metabolised in the body of the recipient through 
citric acid cycle. Heparin is mucopolysaccharide secreted from liver, basophil 
leucocytes and mast cells. It prevents clotting by inactivating thromboplastin which 
in turn prevents formation of thrombin from prothrombin. Hirudin found in leech 
is also an anticoagulant. 


o Intravascular clotting or Thrombosis : 


Normally, the circulating blood does not clot within the blood vessels, i.e., clotting 
does not occur unless the blood is shed out by rupture of a blood vessel. The main 
reason behind it is the absence of thromboplastin which is not formed unless there 
is an injury and rupture of blood vessel. Smoothness of the endothelial lining prevents 
rupture of platelets and formation of thromboplastin from them. In addition to this, 
presence of heparin (an anticoagulant formed by the liver and basophil cells, which 
inactivates the thromboplastin, if any) in blood and a continuous motion of the 
blood (which does not allow the accumulation of fibrin threads if at all formed) also 
prevent clotting of blood within blood vessels. However, in some pathological 
conditions e.g., atherosclerosis, in which the inner lining of the blood vessels become 
rough or damaged, the platelets adhere to it and disintegrate to liberate thromboplastin. 
This may lead to clotting of blood within the blood vessel which is referred to as 
intravascular clotting or thrombosis (thrombus = a clot formed within an intact 
blood vessel.) Thrombosis in vital organs like the heart (coronary thrombosis) or 
the brain (cerebral thrombosis) is fatal because it may result in blockage of circulation 
and thus restriction of O, supply to these organs, ultimately leading to failure of their 
functioning. 
© Coagulation time (CT) : This is the time taken for blood to clot after it is 
withdrawn from the body and taken in a tube. Increase of coagulation time indicates 
decreased coagulability. It can be measured by a number of methods that give different 
results. The normal coagulation time is 2-8 minutes (average 5 minutes). 

Bleeding time (BT) : It is the time upto which blood oozes from a pricked point 
on the skin, preferably on the ear lobe. Its normal value ranges between 2-5 minutes 
(average 3.25 minutes). 
© Hemophilia : It is a hereditary hemorrhagic (related to hemorrhage or bleeding) 
disease due to defective blood coagulation caused by a deficient generation of 
thromboplastin, It is characterzied by a tendency to bleed severely after minor injuries, 
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deep tissue bleeding and bleeding in joint cavities. It occurs in males but is transmitted 
to the next generation through females i.e., from mother to son. 

® Fibrinolysis : Clotted blood if kept sterile (bacteria free) remains intact for 
several weeks ; otherwise, the clot breaks up due to splitting up or dissolution of 
fibrin threads and the clotted blood is liquefied again. This splitting up or’dissolution 
of fibrin is called fibrinolysis. It is brought about by a proteolytic enzyme called 
plasmin or fibrinolysin. This enzyme remains in plasma in an inactive state known 
as plasminogen or profibrinolysin which is activated by the activators present in 
tissues and bacteria. 

© Defibrinated blood : Defibrinated blood means a blood sample from which the 
fibrinogen is removed as fibrin (l. e., fibrinogen free blood). If a blood sample is 
constantly stirred or shaken with pieces of wires or glass beads, all the fibrinogen 
is converted to fibrin threads (i. e., clotting occurs) but the fibrin threads are collected 
on the surface of the stirrer or wires or glass beads that can be easily separated out 
to obtain a defibrinated sample of blood. The defibrinated blood remains fluid and 
does not clot. It is simply a suspension of blood cells in serum. 

o Purpura: Purpura is a pathologic condition characterized by hemorrhage beneath 
the skin and mucous membrane due to a decrease in platelet count. The colour of 
the area of lesion is first red, becoming gradually darker, then purple and finally 
fading to a brownish yellow. It may result in permanent pigmentation or may disappear 
within 2-3 weeks. In this disease, the coagulation time remains normal but the 
bleeding time is prolonged. 


2.2.14. BLOOD TRANSFUSION : BLOOD GROUPS 


In case of severe hemorrhage (blood loss) or anemia, the patient may require 
intravenous administration of blood in order to maintain proper functioning of the 
circulatory system. The process of intravenous administration of blood to an individual 
is called ‘blood transfusion’. Earlier, in many instances blood transfusions were 
proved to be fatal and it was revealed that the blood of any person (donor) cannot 
be given to any other person (recipient) ; that means, blood of different individuals 
may not bẹ compatible or matching with each other. The reason behind this was 
elucidated by Karl Landsteiner, who at the beginning of this century (in 1900) 
propounded! the concept of ‘blood groups’. 

The terin blood groups means classification of the blood of different individuals 
on the basis of the antigenic nature of the red cells. Before going into the detail of 
blood groups and blood transfusion it is necessary to explain the terms antigen and 
antibody. An antigen is a substance, usually a protein or mucopolysaccharide, which 
is foreign to the blood of an animal and stimulates formation of a specific antibody. 
An antibody is a protein produced in the body in response to stimulation by an 
antigen and reacts spedifically with that very antigen to inactivate and destroy it. 
Generally’, antibodies are produced only when the blood is exposed to an antigen. 
But surprisingly, some blood group antibodies are exception to this rule as they 
occur naturally in blood without a previous exposure of the blood to their antigens. 

When incornpatible blood samples are mixed together, there occurs clumping of 
red cellis. This is referred to as agglutination which is a manifestation of antigen- 
antibocly reaction and is followed by hemolysis (rupture of red cells) and death. In 
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blood, the red cells contain certain antigens called agglutinogen on their surface, 
whereas the plasma or serum contains antibodies or agglutinins. Depending upon 
the presence of agglutinogens, persons have been classified into blood groups. There 
are two main systems (or ways) of blood grouping, namely the ABO system and the 
Rh system. 


© ABO system: 


There are two primary agglutinogens named A and B in the RBC memberane, 
Their corresponding antibodies present in plasma are termed d (or anti A) and B (or 
anti B). The red cells of a particular person may contain only A or only B or both 
A and B or none of them. Similarly the plasma may contain only d or only B or none 
of these. The antibodies of the ABO system (i.e., d and B) occur naturally i e., they 
are found to be present in human plasma spontaneously, without being induced by 
the antigen, So they are also termed isoantibodies. 

Landsteiner classified human beings into the following four blood groups 
according to the agglutinogen present in their red cells : (i) Group A-containing 
only A ; (ii) Group B-possessing only B; (iii) Group AB-having both A and B; 
and (iv) Group O-having neither A nor B. 

For obvious reasons an agglutinogen and its corresponding agglutinin cannot be 
present in the blood of the same individual ; for example, a man of group A, 
containing A in his red cells cannot have & agglutinin in his plasma, because in such 
case their would be agglutination and hemolysis. The following table shows the type 
of agglutinogen and agglutinin present in different groups of blood. 


Blood group `| Agglutinin in plasma 
| BaniB) 


Agglutinogen in RBC 


both A and B 
r Neither A nor B both d and B 


From this table it is apparent that in every individual two of these substances (A, 
B, œ and 8) are present in either of the following three combinations—two 
agglutinogens or two agglutinins or one agglutinogen and one agglutinin, Moreover, 
it can be concluded that in an individual’s blood, if an agglutinogen is present the 
corresponding agglutinin must be absent and if the agglutinogen is absent the 
agglutinin must be present. Although the first part of this rule is logical, the second 
part is merely a fact but not essential because when an agglutinogen is absent from 
the blood, its agglutinin could have also been absent, 
Basis of compatibility incompatibility during transfusion : 

If the blood of the donor and the receipent react with each other to cause 
agglutination, the groups are called incompatible (or mismatching) and when there 
is no such reaction, the groups are called compatible (or matching). In case of an 
incompatible transfusion, there are two possible ways of agglutination : [1] donor’s 
plasma may agglutinate recipient’s red cells or [2] recipient’s plasma may agglutinate 
donor’s red cells. Among these, the first possibility is insignificant because the 
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antibody present in the donor’s plasma is well diluted by the recipient's plasma (as 
the volume of recipient’s plasma is much greater than the volume of donor's plasma). 
Hence, the reaction between donor’s plasma and recipient’s red cells is called minor 
reaction. On the other hand, the antibody present in the recipient's plasma is not 
considerably diluted by the donor’s plasma (which is relatively much smaller in 
volume) and therefore it can agglutinate the donor's red cells. Hence, the reaction 
between the recipient’s plasma and donor’s red cells is called major reaction. 
Compatibility table : Considering the above facts, the possibility of agglutination 
reaction between donor's red cells and recipient’s plasma of different groups is 
shown in the following table which should be kept in mind during transfusion. 


Ber roe NER ET “NP NE 
111. 
Per eg aE MS a] 
FEC er eet 


k means agglutination i.e., groups are incompatible. 
— means no agglutination i.e., groups are compatible | 

The above table reveals the following facts: 

[1] Group O blood can be transfused to any group as it does not contain any 
agglutinogen at all, hence it is called universal donor. 

[2] Group AB can receive the blood of any group because it contains no agglutinin, 
hence this group is called universal recipient. 

[3] Same groups are always compatible and hence can be transfused safely. 


Agglutinogen in 
donor’s RBC and 
blood group 


@ Rh system : 

Landsteiner and Weiner (1940) showed the presence of another antigen in 
human RBC which they termed as ‘Rh factor’ (from Rhesus) because this was first 
discovered in the Rhesus monkey. So the terms ‘universal donor’ and ‘universal 
recipient’ no longer remained valid. People possessing the Rh factor (antigen) are 
called Rh (+)ve whereas those lacking it are called Rh (Ove. Unlike the antibodies 
of ABO system, the Rh antibody does not occur naturally in human plasma ite, 
normally this antibody is present neither in Rh (+)ve nor in Rh (Yve persons. The 
Rh antibody is produced in the plasma of Rh (-)ve persons only when it is exposed 
to Rh antigen. Thus, Rh antibody is an induced antibody. 


Significance of Rh-factor : 

[1] Besides the ABO system of blood grouping, the Rh factor should also be 
taken into account prior to transfusion. If Rh (+)ve blood is given to a Rh (He 
patient, the Rh antibody will be developed in the recipient's plasma giving rise to a 
possibility of agglutination. Generally, the first transfusion may not be fatal but a 
subsequent transfusion of Rh (+)ve blood to such a Rh (Ove patient (who has 
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developed Rh antibody) is always associated with agglutination because the Rh 
antibody persists in plasma for a long time. 

[2] Detection of Rh grouping is very important in pregnant women. If a 
Rh (—)ve mother carries a Rh (+)ve foetus [when the father is Rh (vel, Rh antigen 
of the foetus would immunize the mother’s blood by developing Rh antibody in it. 
The maternal Rh antibody may cause agglutination of the foetal red cells. This in 
turn results in production of dead or severely anemic child. This is known as 
erythroblastosis foetalis (or hemolytic disease of newborn). 


© Precautions of blood transfusion: 


[1] Compatibility—The blood to be transfused to a patient must be compatible 
with the recipient’s blood. So, before transfusion, the blood groups of the donor and 
the recipient should be carefully checked and matched. 

[2] Selection of donor—The donor whose blood is taken for transfusion should 
be free from infectious or serious diseases so that the recipient may not get infected. 

[3] Rate and volume of transfusion—Blood transfusion should be made very 
slowly (drop by drop) through drip. Large volume of blood should not be given at 
a time through intravenous injection because sudden excess load of blood on the 
recipient’s heart may lead to heart failure. 


@ Hazards of incompatible transfusion: 


[1] In case of incompatible transfusion, at first there occurs agglutination and 
hemolysis due to reaction between the antibody of recipient’s plasma and antigen of 
the donor’s red cells. 

[2] As a result of hemolysis, the recipient develops jaundice (hemolytic jundice). 

[3] The hemoglobin released from the hemolyzed red cells into plasma is filtered 
in the kidney and excreted in urine, this is called hemoglobinuria. 

[4] The hemoglobin passing through the renal tubules form acid hematin compound 
which blocks the tubules and causes renal failure. As a result of this, urine formation 
is impaired and the toxic materials like urea efc., cannot be eliminated from the 
blood. This leads to uremia and ultimately death. 


2.3. Tissue Fluid Or Interstitial Fluid 


Definition: The clear, colourless, aqueous fluid present in the extravascular 
intercellular spaces in called tissue fluid or interstitial fluid. 

© Origin (formation) and fate of tissue fluid: Tissue fluid is formed by diffusion 
and filtration of fluid from plasma at the arterial end of blood capillaries through the 
interendothelial pores. Tissue fluid is derived from two sources—plasma and tissue 
metabolic activities. 

Tissue fluid has two fates—part of it is reabsorbed into blood by diffusion and 
osmosis at the venous end of capillaries while the remaining part passes into lymphatic 
capillaries. j 

Formation of tissue fluid at the arterial end of capillaries and its reabosorption at 
the venous end of capillaries is governed by the following physical factors— 
[1] capillary blood pressure, [2] extravascular tissue fluid pressure, [3] colloidal 
osmotic pressure of plasma and tissue fluid and [4] capillary permeability. 
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© Composition of tissue fluid : The composition of tissue fluid is qualitatively 
more or less same as that of plasma and lymph. The composition and volume of 
tissue fluid varies from tissue to tissue because various substances are continuously 
added to and removed from the tissue fluid by different tissues. The protein content 
of tissue fluid is almost negligible. Water, glucose and salt contents of tissue fluid 
are more or less same as plasma but the concentration of waste matters is higher in 
tissue fluid than that in plasma. Tissue fluid contains some leucocytes (mainly 
lymphocytes and small number of granulocytes) and very few erythrocytes but no 
platelet. 

© Functions of tissue fluid: Tissue fluid bathes the tissue-cells and performs 
the following functions : 

[1] It forms a connecting link between plasma and tissue-cells and helps in 
exchange of nutrients, respiratory gases, metabolites etc. between them. 

[2] Lymph originates from tissue fluid. 

[3] It acts as a great reservoir of water, salts etc., by virtue of which it helps to 
maintain fluid balance of the body. 

[4] It separates the tissue cells from plasma so that fluctuations in the chemical 
composition and physical properties of plasma cannot affect the tissue-cells 
immediately. 


2.4. Lymph 


© Definition: Lymph is the clear, faintly yellow, slightly alkaline, aqueous fluid 
flowing through the lymphatic vessels. 

© Formation and fate of lymph : Lymph is formed (it e., it originates) from the 
tissue fluid due to entry (or reabsorption) of materials from tissue fluid to the lymphatic 
capillaries. Lymphatic capillaries are minute, blind endings of the peripheral lymphatic 
vessels distributed in the tissue spaces. After its origin in the lymphatic capillaries 
(i.e. formation of lymph within the lymphatic capillaries by absorption of tissue 
fluid), the lymph flows through the progressively bigger lymphatic vessels passing 
through the lymph nodes (or lymph glands). 

The lymph nodes add lymphocytes and antibodies to the lymph. Thus, we see that 
lymph is formed by modification of the tissue fluid absorbed within the lymphatic 
capillaries. So lymph is considered as a modified tissue fluid. The lymph is ultimately 
drained into the venous blood through the thoracic and right lymphatic ducts which 
open into left and right subclavian veins respectively. 

Lymphatic capillaries are made up of a single layer of endothelial cells arranged 
in such a way that substances can enter but cannot leave these vessels. Moreover, 
they have wide gaps that allow larger molecules like proteins to pass in. The one- 
way flow of lymph is due to the valves present in the larger lymphatic vessels. 
Lymphatics are present in almost all tissues excepting the central nervous system, 
cartilage, bone, spleen, epithelial tissue, internal ear and eyeball. 4 

Since lymph is formed from tissue fluid, anything that increases or decreases that 
amount of tissue fluid will increase or decrease the rate of lymph formation. That 
means, formation of lymph depends on the same physical factors which govern 
tissue fluid formation (vide formation of tissue fluid). 
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© Composition of lymph: Composition of lymph is qualitatively more or less same 
as that of plasma and tissue fluid but it differs quantitatively. Lymph contains less 
protein, calcium and phosphorus but more glucose and chlorides than plasma. The 
protein content of lymph is roughly half that of plasma but relatively higher than 
tissue fluid. The higher protein content of lymph than tissue fluid is possibly due to 
[1] removal of water from the lymph while it is flowing through the lymphatics and 
[2] easy entry of proteins (mainly albumin) into the lymphatic capillaries. 

Like the tissue fluid, the composition of lymph also varies from tissue to tissue 
depending on their activities. The hepatic lymph shows higher protein content due 
to addition of plasma proteins by the hepatocytes. The lymph collected from intestine 
or thoracic duct contains much more fat particularly after a fatty meal. Lymph 
contains fairly large number of lymphocytes but RBC and platelets are almost absent 
in it. 
® Functions of lymph: 

{1] Drainage of tissue fluid: Lymph drains away the excess tissue fluid and 
prevents its stagnation in a particular region of the body. Obstruction of lymphatics 
as in filariasis leads to development of oedema (accumulation of excess tissue fluid) 
in the affected part, also called elephantiasis. 

[2] Transport of proteins : Lymph returns proteins from tissue fluid to blood. 
It also carries the plasma proteins originating from liver to blood because these 
cannot enter the blood capillaries but easily diffuse through the lymphatic capillaries. 

[3] Absorption : Although most of the foodstuffs may be absorbed into the 
lymphatic vessel (lacteal) of small intestine to some extent, the lymph plays an 
important role particularly in fat absorption because the chylomicrons cannot enter 
the blood capillaries. 

[4] Defence : Lymph transports immunoglobulins and lymphocytes from lymph 
nodes to blood to support the defence mechanism of the body. The macrophages of 
lymph nodes kill the microbes entering the lymphatics. 

[5] Nutrition : Lymph may supply nutrients and oxygen to those tissues which 
are devoid of blood supply. 


LLL 


Clotting or Coagulation of blood—Loss of fluidity of blood so that it turns into 
a semisolid jelly. 

Fibrin—A thread-like or filamentous protein formed during blood clotting. 
Thrombin—An enzyme which forms fibrin from fibrinogen. 
Thromboplastin—An enzyme catalyzing activation of prothrombin to thrombin. 
Serum—The fluid separated out from clotted blood due to retraction of the clot. 
Thrombosis—Intravascular clotting of blood i.e., clotting of blood within intact 
blood vessels. 

Anticoagulants—Chemical substances preventing blood coagulation. 
Fibrinolysis—Dissolution of fibrin and liquefaction of clotted blood. 

Blood groups—Classification of blood of different individuals on the basis of 
antigenic nature of red blood cells. 

Blood transfusion—Intravenous administration of blood. 
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2.5. A Few Comparisons 
2.5.1. COMPARISON BETWEEN RBC AND WBC 


[1] Structure : [1] Structure : 
(i) These are round, small (diameter (i) These are round but relatively 

7.2 um), biconcave disc-like in larger structures. 
structure. 

(ii) Shape fixed. (ii) Shape variable due to formation| 

of pseudopodia. 
(iii) Nucleus absent. (iii) Nucleus present. 
(iv) Hemoglobin present. (iv) Hemoglobin absent. 


[2] Types : These are of single type. | [2] Types : These are of five types- 
neutrophil, eosinophil, basophil, 
lymphocyte and monocyte. 

[3] Number : These are more in [3] Number : These are relatively 
number than WBC ; total count fewer in number ; total count 
4.5-5 milion/cu. mm of blood. 6000-8000/ cu. mm of blood. 

[4] Life span : They live for 120 dayg [4] Life span : They live in blood for 
in the circulation. relatively much smaller duration. 

Life span of different leucocytes 
vary between 2-15 days. 

[5] Function: The chief function of Function: The chief function of 
RBC is transport of O, and CO, WBC is to take part in the defence 
for respiration. mechanism of the body. 


2.5.2. DIFFERENCE BETWEEN LYMPHOCYTE AND THROMBOCYTE 


Thrombocyte 


[1] It is not a WBC. 

[2] It is a non-nucleated cell. 

[3] It is concerned with production 
of thromboplastin and thus coa- 

gulation of blood. 


[1] It is a type of WBC. 
[2] It is a nucleated cell. 
[3] It is concerned with production 
of antibody and thus body defence 
(immunity). 


(i) Cytoplasm| Granular; | Granular ; Granular ; Agranular ; Agranular ; 


granules fine] granules granules very little in relatively more 
and stained | coarse, stained | coarse, stained) amount; forms} than that in 
by neutral | by acid dyes by basic dyes | a thin rim lymphocyte. 
dyes. (eosin) and and fewer in | around the 

numerous. number. nucleus. 


2253—63 
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an Neutrophil | Eosinophil Basophil Lymphocyte 


(ii) Nucleus 2-7 lobed. ©} Usually 2 lobed} Kidney shaped] Usually round | Kidney or horse 
and spectacle [or incomplete- | and large, occu-} shoe shaped or 
shaped. ly lobed. pying almost round ; eccentric 
the entire cell. in position. 


Largest WBC ; 
16-18 um. 


(iii) Diameter 10-12 um 8-10 um Small lympho- 
cyte 7-8 um., 
large lympho- 


cyte 10-12 um. 


Bone marrow. |Bone marrow. | Thymus, 
lymph nodes 
and bone 


marrow. 
25-30% 
2-3 days. 


Spleen, lymph 
nodes and 
bone marrow. 


60-70% 
2-4 days. 


24% 
8-12 days. 


[3] Percentage 
[4] Life span 


0-1% 
12-15 days. 


5-10% 


a few hours 
only. 


[5] Functions Secretion of 
heparin (anti- 


coagulant). 


Destruction | Anti-allergic 
of bacteria by} action. 
phagocytosis. 


Antibody pro- 
duction (im- 
munity) and 
fibroblast pro- 
duction for re- 
pair of tissues, 


Destruction of 
bacteria by 
phagocytosis, 


2.5.4. DIFFERENCE BETWEEN PLASMA AND SERUM 


Plasma 


[1] It is the fluid portion of the blood; | [1] It is the fluid collected after clot retrac- 
iê., Plasma = Blood - Blood cells. tion; ie., Serum = Blood = Clot. 

[2] It contains fibribogen and | [2] It does not contain fibrinogen and pro- 

prothrombin. thrombin ; le., Serum = Plasma — 
(Fibrinogen + Prothrombin). 

[3] Serum cannot clot. 


[3] Plasma can clot. 


2.5.5, COMPARISON OF PLASMA, LYMPH AND TISSUE FLUID 


[1] Location-It flows in the 
intercellular space and not 
within vessels. 

[2] Composition-It is a 
colourless, cell free fluid 
containing negligible amount 
of protein. 


[1] Location-It flows 
within blood vessels. 


[1] Location—It flows 
Within lymph vessels. 


[2] Composition-It is the | [2] Composition-It is a 
cell free part of the blood. slightly yellowish fluid 

It is a pale yellow colou- | containing cells like lym- 
red fluid containing con- | phocytes and small 
siderable amount of amount of protein (about 
protein. half of that present in 
plasma). 
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one 


[3] Coagulation-It also | [3] Coagulation_It is not 
contains fibrinogen and coagulated. 
prothrombin in small 
quantities; hence, it can 
also coagulate but very 
slowly. 

[4] Function-It supplies 
nutrition to those tissues 
which are devoid of 
blood supply. It takes 
part in fat absorption, 
Lymphocytes present in 
it help in defence mecha- 
nism of the body. 


[3] Coagulation-It can 
coagulate because it con- 
tains fibrinogen and 


[4] Function—It bathes the 
tissue cells and maintains, 
the internal environment of 
the body, The, nutritive and 
excretory functions of 

plasma are mediated through 
it. It acts as a storehouse of 
salt and water and helps to 
maintain’ plasma volume. 


2.5.6. DIFFERENCE BETWEEN ADULT HEMOGLOBIN (HbA) AND 
FOETAL HEMOGLOBIN (HbF) : 


Adult hemoglobin (HbA) Foetal hemoglobin (HbF) 


[1] HbA is the main Hb of adult blood. II] HbF is mainly, found in blood of 


[4] Function-It takes part 
in nutrition, excretion efc., 
by transporting nutrients, 

waste matters etc. It helps 
in defence mechanism of 

the body due to presence 

of antibodies in it. 


foetus. 
[2] Its globin part contains two G-chain |[2] Its globulin part contains two 0.- 
and two B-chains. chains and two y-chains. 


[3] Its affinity for 02 is less; le., it canf [3] Its affinity for 02 is higher; it binds 

not bind O, at low pO). O, even at low O. 
2.5.7. DIFFERENCE BETWEEN OXYHEMOGLOBIN AND 

METHEMOGLOBIN 

Oxyhemoglobin 

[1] It is produced by combination of O, 
with ferrous iron (Fe**) of 
hemoglobin. 

[2] It is a loose compound and its 0, 

can be easily liberated. 


2.5.8. DIFFERENCE BETWEEN MONOCYTES AND LYMPHOCYTES 


Methemoglobin 


[1] Itis produced by combination of 0, 
with hemoglobin when its iron is in 
ferric (Fe***) form. 

[2] It is a very stable compound and 

cannot liberate its O, easily. 


[1] Larger in size. Smaller in size. 

[2] Nucleus horse shoe or kidney shaped.| [2] Nucleus round or oval shaped. 
[3] Nucleus eccentric in position. Nucleus centrally placed. 

[4] Contain more’ cytoplasm. Contains less cytoplasm. 


[5] They are of only one type. They are of different types-large 
or small and T or B varieties. 


[6] Concerned with phagocytosis and Concerned with acquired immunity. 
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2.6. Matters To Recollect 


i? 
is 
. 
> 


i? 
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AR a 
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Blood is red due to presence of a red pigment hemoglobin in the red blood 
corpuscles (RBC). 

Mature RBC of man (mammals) is non-nucleated but that of toad (amphibia) is 
nucleated. 

Packed cell volume (PCY), total count (TC) or RBC and Hb content in blood are 
determined to detect anemia. 

Monocyte is the largest blood corpuscle and platelet is the smallest blood 
corpuscle. 

In blood, RBC is found in highest number and WBC is found in lowest number. 
Among the WBCs, neutrophil is found in highest number and basophil is found 
is lowest number. 

The number of esosinophils is increased in allergy. 

Among the neutrophils, those with three lobed nucleus are most abundant. 
Hemocytoblast is the stem cell from which all types of blood cells are produced 
in bone marrow. 

Megakaryocyte is a large multinucleated cell of bone narrow from which platelets 
are produced. 

The liquid part of blood is called plasma and the liquid which separates out after 
the blood clots is called serum. 

The plasma proteins used up in blood clotting are fibrinogen and prothrombin, 
Hemostasis means arrest of bleeding by vasoconstriction of the ruptured blood 
vessel and its plugging by clotting of blood. 

Thrombosis means intravascular clotting i.e., clotting of blood within intact blood 
vessel. 

Antigens and antibodies related to blood groups are called agglutinogens and 
agglutinins respectively. 

o and f agglutinins are natural antibodies whereas Rh agglutinin is induced 
antibody. 

Hemocytometer is an apparatus used for determining TC (total count) of blood 
cells. 

Hemometer is an apparatus for determining Hb content in blood. 


Erythropoietin is a glycoprotein which stimulates RBC production in bone 
marrow. 


The pH of blood is 7.4. 

The premature red blood cells present in circulating blood are called reticulocytes. 
During erythropoiesis Hb first appears at the stage of intermediate normoblast. 
CT or clotting time is the time taken for a blood sample to clot. 

BT or bleeding time is the time up to which blood oozes from a skin prick. 


Hemophilia is a hereditary hemorrhagic disease due to defects in blood clotting 
mechanism. 
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2.7. Summary 


Blood, tissue fluid and lymph are important body fluids which help in transport 
of materials (nutrients, gases, metabolic wastes etc.). in the body. Blood is a red 
coloured liquid connective tissue consisting of a fluid matrix called plasma in 
which the cellular (formed) elements remain suspended. The total volume of 
blood present in the body of normal adult human male and female are about 
5 lit and 4.5 lit respectively, Blood is the chief medium for carriage of materials 
from one organ to another in the body. 

The formed elements of blood are of 3 types—RBC, WBC and platelets. 
RBCs or red blood corpuscles are non-nucleated and filled with a red pigment 
called hemoglobin. The chief function of RBC is transport of gases (O02 and 
CO,). WBCs or white blood corpuscles are nucleated and deviod of hemoglobin. 
They are concerned with defence mechanism of the body. WBCs are of 5 types— 
neutrophil, eosinophil, basophil, lymphocyte and monocyte of which the first 
three are granular and the remaining two are agranular. Among these, neutrophils 
are present in highest number and basophils are lowest in number. The red cells 
are more in number, smaller in size and they have a longer life span than white 
cells. Platelets are very small, non-nucleated elements concerned with clotting of 
blood when it is shed out of the vessels. Monocytes are the largest and platelets 
are the smallest formed elements of blood. When blood is shed, the plasma 
protein called fibrinogen is converted into fine threads called fibrin which form 
a network within which the blood cells become entangled and the blood is 
converted to a semisolid jelly. This is called coagulation or clotting. After clotting 
a straw coloured fluid is separated ; this is called serum. Sometimes a patient 
with severe blood loss or anemia may need blood transfusion (intravenous 
administration of blood. For this the blood group of the donor and the recipient 
must be matched to avoid serious consequences which may even lead to death. 
Blood groups means classification of blood of individuals on the basis of 
antigenicity of RBC. There are two major systems of blood grouping—ABO 
system and Rh system. According to ABO system there are four blood groups— 
A, B, AB and O. The Rh-system divides blood in two groups—Rh positive and 
Rh negative. 

Tissue fluid is the clear fluid present in the interstitial space, bathing the 
tissue cells. It mediates exchage of materials between blood and tissues. Lymph 
is a faintly yellow fluid circulating through lymphaties, It helps in some special 
transport functions. : 


2.8. Naming / Discovery / Discoverer 

{1} Addison (1885) first described pernicious anemia. 

[2] Anton Van Leeuwenhoek (1674) discovered RBC. 

[3] Bizzozero gave the name platelet. 

[4] Castle discovered the role Vitamin B} and gastric juice in erythropoiesis. 
[5] Denys (1667) first carried out transfusion of animal blood in man. 

[6] Landsteiner (1900) discovered ABO system of blood grouping. 

[7] Landsteiner and Wiener (1940) discovered Rh factor. 
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[8] Leishman devised a simple method for staining of blood film. 

[9] Neubauer devised an instrument (hemocytometer) for determining the total count 
of blood cells. 

[10] Sahli devised a hemometer for determining hemoglobin concentration in blood. 


2.9. Some Terms Related To Disorder Of Blood 


{1] Anemia—A pathological condition characterized by deficiency of erythrocytes 

and/or hemoglobin in circulating blood. 

Aplastic anemia—Anemia caused by failure of erythropoiesis due to defects of 

bone marrow. 

[3] Eosinopenia—Decrease in the number of circulating eosinophil leucocytes below 

the normal limits. 

Eosinophilia—Increase in the number of circulating eosinophil leucocytes above 

the normal limits. 

[5] Erythroblastosis foetalis (or Hemolytic disease of the newborn)—A hemolytic 
anemia of the foetus or newborn infant due to transplacental transmission of 
maternally formed antibody. 

[6] Hemolytic anemia—Anemia due to excessive hemolysis (destruction of 

erythrocytes). 

Hemophilia—A hereditary hemorrhagic disease showing tendency of bleeding 

due to deficiency of thromboplastin production. 

[8]. Hemorrhagic anemia—Anemia due to hemorrhage (blood loss). 

[9] Leucocytosis—An abnormal increase in the number of circulating leucocytes. 
[10] Leucopenia—An abnormal decrease in the number of circulating leucocytes. 
[11] Leukemia—A fatal disease with marked increase in the number of circulating 

leucocytes due to malignancy of bone marrow. Also called blood cancer. 

[12] Lymphocytosis—An abnormal increase in the number of circulating lymphocytes. 

[13] Lymphopenia—An abnormal decrease in the number of circulating lymphocytes. 
[14] Macrocytic (or Megaloblastic or Perinicious) anemia—A type of anemia in 

which the red cells are premature and much larger than normal due to deficiency 
of Vitamin B}, or gastric intrinsic factor. 

[15] Microcytic (or Hypochromic) anemia—A type of anemia in which the red cells 
are much smaller than normal with low hemoglobin content due to deficiency of 
iron. 

[16] Neutropenia—An abnormal decrease in the number of circulating neutrophils. 

[17] Neutrophilia—An abnormally higher count of neutrophils in blood. 

[18] Polycythemia vera (or Erythremia or Erythrocythemia)—A bnormal increase 
in the number of circulating erythrocytes. 

[19] Purpura—Escape of blood into the tissues over any area of the body, often beneath 
the skin and mucous membrane due to a decrease in platelet count. 

[20] Septicemia—A sort of blood poisoning due to presence and reproduction of 
pathogenic bacteria in the blood. 

[21] Sickle cell anemia—A genetically determined disease (type of anemia) in which 
the red blood cells become sickle shaped and highly fragile due to synthesis of 
defective hemoglobin ; it is associated with poor physical development and skeletal 
anomalies. 


[2 


[4 


— 
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[22] Thalassemia—A genetically determined defect of hemoglobin synthesis leading 
to hemolytic anemia often associated with enlargement of liver and spleen, 
mongoloid features and changes in bones. 

23] Thrombocytosis (or Thrombocythemia)—Increase in the number of circulating 
thrombocytes (platelets). 

[24] Thrombopenia—Decrease in the number of circulating platelets. 

[25] Thrombosis—Formation of thrombi (clot) within the lumen of heart or blood 
vessels. 


2.10. Answers To Some Special Questions 
[1] Describe the basis of human blood grouping. [J-E.E. 1984] 
Ans. Human blood is grouped on the basis of presence of different antigens 
(agglutinogens) in the RBC membrane. There are two systems of blood 
grouping—ABO system and Rh system. The ABO system is based on presence 
or absence of two antigens—A and B. A blood sample may contain only A antigen 
or only B antigen or both A and B antigens or none of these, and accordingly it 
is called group A or group B or group AB or group O respectively. 
The Rh-system is based on presence or absence of another antigen called Rh 
factor. The blood containing the Rh factor is said to be Rh positive (Rh+) while 
the blood lacking this antigen is called Rh negative (Rh-). Thus, considering 
both ABO and Rh system, blood is classified into eight groups~A*, B., AB", 
Ot, Av, B AB and O 
[2] What is hemoglobin ? [J.E.E. 1986, 2004] 
Ans. Hemoglobin is the iron containing red pigment present in the RBC of all 
vertebrates. It is a chromoprotein made up of a protein called ‘globin’ and the 
prosthetic group called heme which is an iron porphyrin compound, It helps in 
transport of O and CO», and acid base balance in the body. 
[3] How do you enumerate the number of red blood cells in blood ? 
J. E. E. 1986] 
Ans. The total count (TC) of RBC is determined with the help of Neubauer 
hemocytometer. In this method, one drop of diluted blood from the RBC pipette 
is introduced in the counting chamber under the covership. The volume of each 


1 + 
small square in counting chamber is 4000 cu. mn. RBCs are counted in 5 groups 


of 16 small squares. The total count (he. number of RBCs present per cu. mm 

of the blood) is calculated as follows á 
Number of cells counted & Dilution 4000 

Number of RBCs/cu mm of blood = Number of small squares counted 


(a) Write the names of different types of WBC present in blood. (b) State 
how they help in body defence. [J.E.E. 1987] 
Ans. (a) WBC Granulocytes—Neutrophil, Eosinophil, Basophil. 
Agranulocyte—Lymphocyte. Monocyte. 

(b) [i] Neutrophils and monocytes help in phagocytosis of bacteria. 
[ii] Lymphocytes are responsible for both cell mediated as well as antibody 
mediated immunity. [iii] Eosinophils inhibit allergic reactions. [iv] Basophils 
secrete heparin to prevent thrombosis. 


[4 
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[5] Write briefly the mechanism of blood coagulation. IJ. E. E. 1988) 
or, Mention the main steps of blood coagulation. J. E. E. 1995 
Ans. Coagulation of blood occurs in three steps as follows : 


[6] 


Ans. 


(7 


= 


Ans. 


[8] 


Ans, 


[9 


Ans. 


[i] At first, a substance called thromboplastin or prothrombin activator is produced 
when the blood vessel is ruptured or damaged, The thromboplastin is produced 
from two sources—(a) extrinsically from the damaged tissues and (b) intrinsically 
from the disintegrating platelets when they come in contact with the injured 
surface. [ii] The thromboplastin then catalyzes the conversion or prothrombin 
to thrombin. [iii] Finally, the thrombin acts.as an enzyme to convert fibrinogen 
to fibrin threads that form a mesh within which blood cells are entangled and 
the blood clots. 
Why normally blood does not clot inside the blood vessels ? 
or IJ. E. E. 1988, 290, 93, 96 
Why blood is fluid while in circulation ? J. E. E. 1998] 
Normally, blood does not clot inside the blood vessels because of the following 
factors: 
[i] Smoothness of the endothelial lining prevents rupture of platelets and 
formation of thromboplastin from them. [ii] Constant speedy flow of blood 
prevents accumulation of fibrin threads, if at all formed. [iii] Presence of heparin, 
an anticoagulant having antithrombin activity, in blood. fiv] Presence of 
monomolecular layer of negatively charged protein adsorbed to the inner surface 
of endothelium repel the clotting factors. 
(a) What are hemoglobin and myoglobin ? (b) Write their main functions. 
[J.E.E. 1989] 
(a) Hemoglobin and myoglobin are red pigments found in blood and muscles 
respectively. Both are metalloproteins (chromoproteins) made up of an iron 
porphyrin compound called heme and a protein called globin. They differ due 
to the difference in their globin part. 
(b) Hemoglobin helps in carriage of O, and CO, by blood by combining with 
them to form oxyhemoglobin and carbaminohemoglobin respectively. Myoglobin 
also binds with O, and helps to store O, in muscles. The affinity of myoglobin 
for O; is greater than that of hemoglobin so that myoglobin can easily take up 
O, from oxyhemoglobin. 
What are blood groups ? Name the main blood groups. [J.E.E. 1989] 
Blood groups means classification of blood of different individuals on the basis 
of the antigenic nature of red cells. The main blood groups are—A*, B*, AB*, 
OA, AB and O”. 
How do you justify the inclusion of blood in the connective tissue ? 
J. E. E. 1989 
or, Why the blood is called connective tissue? [H.S. 2005 ; J. E. E. 1997] 
Blood is included in (or called) connective tissue because of the following 
reasons ;— 
[i] In connective tissue, the cells remain scattered and the intercellular substance 
(or matrix) is prominent and considerable in amount. In blood, plasma is the 
intercellular matrix which is considerable in amount and within it the cellular 
elements of blood remain suspended. [ii] Connective tissues connect different 


[14] 


[15] 


{16} 
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parts of the body. Similarly blood also connects different parts of the body by 

circulation. [ili] Like other connective tissues, blood is also mesodermal in origin, 

What do you understand by anticoagulants ? Give three examples. 
JE. E. 1990) 


. Anticoagulants are substances that prevent coagulation of blood. Examples— 


[i] Oxalates of sodium, potassium or ammonium ; [if] Sodium citrate and 
[iii] Heparin. 

What are formed elements of blood ? J. E. E. 1990) 
The cellular elements of blood (or blood corpuscles) namely erythrocytes, 
leucocytes and platelets are called formed elements of blood because they have 
specific structural forms. 

Who first discovered—(a) ABO system of blood groups. IJ. E. E. 1991), 
(b) Rh factor LJ. E. E. 1992} ? 

(a) Landsteiner (1900), (b) Landsteiner and Weiner (1940). 

(a) What type of tissue is blood ? [J.E.E. 1992, '89) 
(b) What are the components of blood ? J. E. K. 1992) 


(a) Blood is a fluid connective tissue, 


(b) Blood is composed of some cells that remain suspended in the fluid part 
called plasma, The blood cells are RBC, WBC and platelets. The plasma is 
composed of water, protein glucose, amino acids, fatty acids and various other 
organic and inorganic substances. 

(a) What is lymph ? (b) Mention its functions (c) What will happen when 
Iymphatics of one leg is obstructed ? (c) What is the common cause of 
lymphatic obstruction in our country ? J. E.. 1993] 


„ (a) Lymph is a modified tissue fluid found in the lymphatic vessels. 


(b) Lymph helps in-—li] Supply of nutrients, [ii] Fat absorption, (iii) Drainage 
of tissue fluid, [iv] Transfer of proteins from tissue fluid to blood, [v] Defence 
mechanism. 

(c) Swelling of leg due to lymphatic oedema (solid oedema). 

(d) Filaria due to infection of W. bancrofti. 

(a) What is a living test tube ? [J.E.E. 1993] (b) What will happen if 
thrombocyte count is very low ? J. E. E. 1993, 96 


(a) When a vein with intact blood is tied at two ends and removal from the body, 


the blood does not clot for a long time due to the smoothness of endothelial 
lining. Hence, vein is called living test tube. 

(b) The condition of very o thrombocytic count is called thrombopenia. It is 
associated with hemorthagic disorder characterized by [1] Purpura or 
hemorrhage beneath the skin and mucous membrane ; [ii] Prolonged bleeding 


(a) How heparin and oxalate prevent coagulation ? (b) How an oxalated 
sample of blood can be made to coagulate again 7 (c) Why citrate is the 
preferred anticoagulant for storage of blood in blood banks ? (d) State 
briefly the role of lymph in body defence. J.. . 1993 
(a) Heparin prevents coagulation due to its antithrombin activity or by inhibiting 
the action of active thromboplastin. Oxalates prevent coagulation by precipitating 
and thus removing Ca** necessary for coagulation. 
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(b) Oxalated blood can be coagulated again by adding excess calcium to it. 
(c) Citrate is preferred because it can be easily metabolized in the body through 
the citric acid cycle (or TCA cycle). 
(d) Role or lymph in body defence : [i] While the lymph passes through the 
lymph nodes, it is filtered off from foreign matters and microbes. [ii] Lymph 
contains phagocytic cells like monocytes and lymphocytes. 

[17] (a) Name two fractions of plasma proteins which are synthesized in liver. 
(b) Name two sources of heparin in our body. [J.E.E. 1993] 

Ans. (a) Albumin, fibrinogen, prothrombin, globulin. (Any two) 

(b) Mast cells, basophil cells, liver. (Any two) 

[18] (a) If a healthy person donates 200 ce of his blood, approximately what % 
of the total blood of his body is given ? (b) What is the number of RBC 
present in that volume (200 cc) of blood ? (c) Enumerate the functions of 
WBCs, [J.E.E. 1995] 

Ans. (a) , The blood volume of healthy person is 5000 ce (or 5 lit.) 

2 
200 cc is a = 4% of the total blood volume. 
(b) We know that 1 cu mm blood contains 5 million (or 5 x 10°) RBCs 
lee. or Io cumm „ „ 5x 10°x 1000 RBCs 
200 ce. - ee 10° x 1000 x 200 RBCs 


[19] 


[20] 


Ans. 
[21] 
Ans, 


= 10° RBCs. 
(e) The WBCs help in li] defensive mechanism of the body by phagocytosis and 
antibody production, [ii] tissue repair by for ui ig fibroblast and [iii] prevention 
of intravascular clotting by secreting heparin. 
(a) How the thrombocytes are formed ? (b) What is purpura ? 
[J.E.E. 1995] 


„(a) The megakaryocytes of the bone marrow introduce pseudopodia through 


the walls of sinusoids. These processes are broken off in such a way that the 
individual fragments are surrounded by unit membrane and are washed away by 
the bloodstream. These fragments with unit membrane are platelets or 
thrombocytes. 

(b) Purpura is a pathological condition characterized by hemorrhage beneath 
the skin and mucous membrane due to decreased platelet count of blood. 
Which one is more mature ? (a) Neutrophil with 2 lobes / Neutrophil with 4 


lobes. (b) Small lymphocyte / Large lymphocyte. IJ. E. E. 1995] 
(a) Neutrophil with 4 lobes. (b) Small lymphocytes. 
How thrombocytes help in hemostasis ? IJ. E. E. 1996] 


Hemostasis means arrest of bleeding. Thrombocytes (platelets) help in hemostasis 
by the joint action of the following three mechanisms : [i] When the thrombocytes 
come in contact with the damaged vascular surface, they begin to swell, assume 
irregular forms and become sticky and thereby help in plugging the hole in the 
capillary. [ii] Thrombocytes form thromboplastin and help in clotting which 
also plugs the ruptured surface to prevent further blood loss. [iii] Thrombocyte 
disintegration produces serotonin which constricts the ruptured vessel so as to 
reduce the blood flow in it. 


[22] 


Ans. 


[23] 


[24] 


[25] 


Ans. 
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(a) What is blood ? (b) Indicate the total amount of blood present in a 
healthy person. (c) Why does blood look red ? (d) Name the instrument 
which is used to determine total count of RBC and WBC. IJ. E. E. 1997] 
(a) Blood is an opaque, red colored, sligħtly alkaline liquid connective tissue 
having salty taste which helps in transport of materials in the body. (b) 5 litres. 
(c) Blood looks red due to presence of the red pigment hemoglobin within the 
RBCs present in it. (d) Neubauer Hemocytometer. 

(a) Can lymph undergo coagulation ? Justify your answer. (b) What are 
the differences in composition between lymph and plasma? (e) What is the 
normal pH of human blood ? (d) Name a blood buffer. IJ. E. E. 1997] 


. (a) Yes, lymph can undergo coagulation due to the presence of small amount of 


fibrinogen, prothrombin and other coagulation factors in it. 

(b) [i] Protein, calcium and phosphorus are lower in lymph than in plasma. 

Chlorides and glucose are higher in lymph than in plasma. [ii] Lymph contains 

some WBCs (lymphocytes) whereas plasma is a cell free fluid. 

(c) pH or normal human blood is TA. 

(d) Bicarbonate buffer, phosphate buffer, protein buffer, hemoglobin buffer (any 

one). 

(a) Give morphology of the human RBC. (b) What advantages a mature 

RBC has by its biconcaye shape ? (c) What is spherocytosis ? (d) Why 

hemoglobin always remains within a RBC ? (e) What is erythropoietin ? 
[J.E.E. 1997] 


. (a) Human RBC is a circular, disc: like, biconcave cell without a nucleus, having 


a mean diameter of about 7.2 um and thickness of about 2.2 um at the periphery 
and 1 pm at the centre. 
(b) [i] Due to less thickness at the central part, O, easily diffuses into it. [ii] It 
increases surface area for greater gaseous diffusion. [iii] It allows the RBC to 
squeeze through find capillaries. 
(c) Spherocytosis is a pathological condition characterized by presence of 
spherical RBCs (or spherocytes) in blood ie., when the biconcavity of RBCs is 
lost. 
(d) Hemoglobin always remains within the RBCs because if it remains in plasma, 
it will be filtered through the glomeruli of kidney and excreted in urine ultimately 
causing renal failure and death. 
(e) Erythropoietin is a hormone-like substance of glycoprotein nature, produced 
by the action of kidney and it stimulates erythropoiesis (RBC production) in red 
bone marrow. 
(a) What is normal RBC count in blood ? (b) Why is RBC red ? (c) At 
which stage of development of RBC, hemoglobin appears first ? (d) What 
is the life span of RBC ? (c) Fragility of RBC occurs first on what strength 
of NaCl solution ? (f) What happens to RBC count at high attitude ? 
IJ. E. E. 1998] 
(a) In adult man about 5 million/cu. mm of blood and in adult woman, about 4.5 
million/cu. mm of blood. (b) RBC is red because it contains a red pigment 
called hemoglobin. (c) Intermediate normoblast. (d) 120 days. (e) 0.48% NaCl 
solution. (f) RBC count is increased over 6 million/cu mm of blood. 
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[27] 


Ans. 


[28] 


Ans. 


[31] 
Ans. 


[32] 
Ans. 
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Give the full names of the following-(a) ESR [J.E.E. 1998], (b) TC, (e) DC, 

(d) PCV, (e) MCV, (f) MCH, (g) CT, (h) BT. 

(a) Erythrocyte sedimentation rate, (b) Total count, (c) Differential count, 

(d) Packed cell volume, (e) Mean corpuscular volume, (f) Mean corpuscular 

hemoglobin, (g) Clotting time, (h) Bleeding time. 

Write the distinguishing features of : (a) Eosinophil, (b) Neutrophil. 
IJ. E. E. 1999] 

(a) Eosinophil is a variety of granular WBC having 10-12 um diameter, 2-3 

lobed nucleus and coarse eosinophilic (red stained) granules in the cytoplasm. 

It accounts for 2—4% of total WBCs. It is anti-inflammatory and antiallergic in 

function. 

(b) Neutrophil is a variety of granular WBC having 10-12 um diameter, 2-7 

lobed nucleus and fine cytoplasmic granules. It accounts for 60-70% of the 

total WBCs. It is phagocytic in nature. 

(a) What is anaemia ? (b) Write one important cause of anaemia. (c) Write 

the role of fibrinogen and calcium in clotting of blood. (d) What is the life 

span of human erythrocytes ? [J.E.E. 1999 

(a) Anaemia means deficiency of RBC (i.e. low total count of RBC) and/or low 

hemoglobin content in blood. 

(b) Cause of anaemia—{i] Loss of blood (or hemorrhage). fii] Excess hemolysis. 

[iii] Inadequate production of RBC due to deficiency of iron, vitamin B}, and 

folic acid in diet or gastric intrinsic factor. [iv] Defects in bone marrow (or 

aplasia) [Mention any one cause]. 

(e) Fibrinogen is a soluble plasma protein which is converted to insoluble threads 

of fibrin forming the reticulum of the clot. Calcium ions work as cofactors in 

most of the enzymatic reactions of clotting. 

(d) 120 days. 

What happens when RBC is placed in distilled water ? IJ. E. E. 1999] 

When RBC is placed in distilled water, endosomosis occurs. i.e. water enters 

into the cell so that it swells and eventually bursts (hemolysis). 

(a) What is differential count of blood cells ? Mention their normal values. 

(b) What is a stab cell ? (c) How oxalates and heparin inhibit coagulation ? 
[J.E.E. 2000] 


(a) Differential count of blood cells means the percentage of number of different 


types of WBCs as counted in a stained blood film. Normal value—Neutrophil 
60-70%, Eosinophil 24%. Basophil 0-1%, Lymphocyte 25-30%, Monocyte 
5-10%. 

(b) Stab cell is a neutrophil in which the nucleus is unsegmented i.e. the nucleus 
has not yet started its lobulation. 

(c) See answer to Q. 16(a). 

What is alkalosis of blood ? IJ. E. E. 2000] 
Alkalosis of blood is a patho-physiological state in which there is an increase in 
the concentration of NaHCO, (alkali reserve) in blood above normal so that the 
blood pH rises above 7.4. 

What are the different types of proteins found in plasma 2 IJ. E. E. 2000] 
Albumin, globulin, fibrinogen and prothrombin. 
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[33] (a) How tissue fluid is formed ? (b) What is oedema ? (c) How does 


Ans. 


[34 


(2) 


Ans. 


composition of lymph vary from that of plasma ? (d) Which serum protein 
imparts immunity ? (e) Name the gas which is preferred to oxygen by 
hemoglobin ? [J.E.E. 2000] 
(a) Tissue fluid is formed by exudation (or filtration) from plasma at the arterial 
end. The rate of formation is determined by the net filtration pressure which is 
given by the difference between capillary blood pressure and colloidal osmotic 
pressure of plasma proteins. 

(b) Oedema means swelling due to excess accumulation of tissue fluid in the 
tissue spaces. 

(e) See answer to O. 23(b). 

(d) y-globulin. (e) Carbonmonoxide (CO) gas. 

(a) What are the sources of RBC in embryo and adult man ? (b) What is 
the diameter and thickness of RBC in man ? (c) State the hemoglobin content 
in adult human male and female. (d) Why RBC cannot carry out Krebs 
cycle? [J.E.E. 2001 
(a) In embryo-mesoderm of yolk sac, liver, spleen and red bone marrow. In 
adult-red bone marrow. 

(b) Diameter—7.2 um; Thickness—peripheral 2.2 m, central 1 um. 

(c) In adult male 14-18 g% ; In adult female 12-15 g%. 

(a) RBC cannot carry out Krebs cycle because it does not contain mitochondria 
within which the enzymes of Krebs cycle occur. 

(a) Name the blood corpuscle which is smallest in size. (b) What is blood ? 
(c) Name the instrument which is used to determine the total count of RBC 
and WBC. [J.E.E. 2001] 
(a) Platelet (or Thrombocyte). (b) and (c) See answer to Q. 22. 

(a) What do you mean by differential count of blood ? (b) What is hematocrit 
value ? (c) Name the largest blood corpuscle. (d) What happens to the 
erythrocyte after its life-span is over ? IJ. E. E. 2002] 


. (a) See answer to Q. 30(a). 


(b) Hematocrit value (or packed cell volume) is the volume percentage of cell in 
whole blood. In human blood it is 45%. 

(c) Monocyte. 

(d) After the life span of 120 days, the erythrocytes are phagocytosed by the 
macrophages of liver, spleen and bone marrow. The hemoglobin is released 
from which the porphyrin part is converted to bile pigments, the iron is reused 
in the body and the globin part enters the amino acid pool. 


Mention the total and differential count of WBC of a normal person. 
[J.E.E. 2003] 


Total count of WBC 6000-8000/cu mm of blood. Differential count of WBC- 


See answer to Q. 30(a). 
Which body cell in man becomes smaller on maturity ? [J.E.E. 2004] 


. Hemocytoblast or Stem cell from which blood cells are produced, 


What are the functions of basophil ? IJ. E. E. 2004] 
{i] It secretes heparin to prevent intravascular clotting. [ii] It also liberates 
histamine during allergic reactions or tissue damage. 
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Ans. 
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(a) Which one of the following whole blood types can be safely infused into 
a B recipient? Why ? (i) AB’, (ii) A“, Gii) AB“, (iv) B7, (v) A. 

(b) What is plasma ? State the differences between plasma and lymph. (c) 
State the normal counts of RBC and WBC in human blood. [J.E.E. 2005] 
(a) B* blood contains B and Rh-antigens in RBC and @-antibody in plasma. So, 
a Bt recipient can safely receive the blood in which antigen A is absent, 
irrespective of whether it is Rh(+) ve or Rh(—)ve. Thus, among the blood types 
AB’, A*, AB*, Bu and A’, only B blood can be safely infused into a Bt recipient 
because it (B. blood) does not contain antigen A. All the remaining types 
(AB, At and AD) containing antigen A would react with a-antibody of B* 
recipient and hence cannot be given. 

(b) Plasma is the fluid matrix of blood in which the blood cells remain suspended. 
Differences between plasma and lymph—See answer to Q=23(b). 

(e) Normal count of RBC + 5 million / cu mm of blood in males and 4.5 million / 
cu. mn of blood in females. 

Normal count of WBC: 6000-8000 / cu mm of blood. 

What are polymorphs or polymorphonuclear leucocytes ? Why they are 
called so ? 

Neutrophils are also called polymorphonuclear leucocytes because they possess 
nuclei having 2-7 lobes. 

What is Arneth count or Arneth index ? 

The percentage of different varieties of neutrophils grouped according to the 
number of lobes in their nuclei is called Arneth count or Arneth index. 

(a) What are megakaryocytes ?, Why they are so named ? (b) Mention their 
functions, 

(a) Megakaryocytes are large cells having a large, beaded nucleus found in 
bone marrow. They are so named because mega means large ; karyon means 
nucleus and cyte means cell. 

(b) Megakaryocytes are parent cells from which platelets are formed. 

What are reticulocytes ? Why they are called so ? 

Reticulocytes are immature RBCs that represent the stage just before mature 
RBC during erythropoiesis. They are so named because they possess remnants 
of the chromatin reticulum. 

What is Rh factor ? Why is it so named ? 

Rh factor is an agglutinogen (antigen) found in human RBC. The name Rh has 
been derived from Rhesus because this agglutinogen was first discovered in 
Rhesus monkey. 

Which groups of the ABO system of blood grouping are called universal 
donor and universal recipient and why ? 

Group O is called universal donor because it does not contain any of the 
agglutinogens A or B and hence it can give blood to any group. Group AB is 
called universal recipient because it does not contain any of the agglutinins d or 
B and hence it can accept blood of any group. 

What are microphages and macrophages ? 

Neutrophils are also called microphages because they take up smaller particles 
by phagocytosis. Macrophages are phagocytic cells derived from monocytes 
entering into tissues and are capable of taking up bigger particles. 


[48] 
Ans. 


[53] 
Ans. 


[54] 


Ans. 


[55] 
Ans. 
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(a) What do you mean by inflammation ? (b) What is its significance ? 

(a) Inflammation is a protective tissue resoponse to injury of any kind including 
bacterial infection and is characterized by redness, swelling, pain and rise of 
temperature and loss of function of the affected part. It is due to vasodilatation 
in the affected area. 

(b) It prevents the bacteria from spreading and restricts them in the affected area 
so that they can be phagocytosed by neutrophils and macrophages. 

What are pus cells and pus ? 

In the inflammatory response, there occurs an encounter between the leucocytes 
and the invading agent (bacteria etc.). In this process, the invading bacteria as 
well as some host tissue cells and leucocytes are killed, The dead leucocytes are 
called pus cells. 

Pus is the thick, whitish fluid composed of viable and dead leucocytes with 


“necrofic tissue debris partially liquefied by enzymes liberated from the dead 


leucocytes, characteristically produced in infections due to certain bacteria. 

Why does a leech bite inhibit clotting of blood ? 

When a leech bites a chemical called hirudin liberated from the cervical gland 

of the leech is mixed with the blood. Hirudin is an anticoagulant which inhibits 

blood clotting by preventing formation of thrombin from prothrombin. 

If the total count of WBC in a blood sample is 7000 / cu mm, what would be 

the number of WBCs in 1 litre of the blood ? 

We know that 1 litre = 10°cc = 10° x 10° cu mm = 10° cu mm 

he number of WBC in I eu mm of blood is 7000 

als 3 10 cu mm (or 1 litre) of blood would be 7000 x 10° 
7105. 

(a) What is MCV ? (b) What would be the MCV of a blood sample if its 

total count of RBC is 4 million / eu mm and cell: plasma ratio is 40: 60? 


” » „ » 


„(a) MCV represents mean corpuscular volume which means the average volume 


of RBC in a blood sample (i.e. the yolume of a single RBC). 

(b) Given, 4 million (i.e. 4 x 10°) RBCs are present in 1 cu mm blood and cells 
constitute 40%, 

The volume of 4 x 10° RBCs = 0.4 cu mm (i.e. 40% of 1 cu mm) 


1 RBC (or MCV) = 4x10 


Name (i) four vitamins and (ii) four minerals required for erythropoiesis. 
(i) Vitamin B12 (Cobalamin), folic acid, Vitamin Bg (pyridoxine), and vitamin 
C (ascorbic acid). 

(ii) Iron (Fe), Copper (cu), Manganese (Mn) and Cobalt (Co). 

What type of anemia is produced in disorder of stomach or after gastrectomy 
and why ? 

In disorder of stomach or after gastrectomy (surgical removal of stomach), 
pernicious (i.e., megaloblastic or macrocytic) anemia is produced due to 
deficiency of gastric intrinsic factor causing impairment of vitamin Bj) 
absorption. 

Which plasma proteins are (i) required in clotting and (ii) found in serum ? 
(i) Fibrinogen and Prothrombin. 

(ii) Albumin and Globulin. 


cu. mm = 1077 cu mm. 


” „ 
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[56] If the plasma volume of a person is 3.6 litre and the cell : plasma ratio in 
blood is 40 : 60, what will be the blood volume and cell volume ? 
Ans. From the cell: plasma ratio we find what 
60 ml plasma is present in 100 ml blood 


Im, „ „ 100 mi blood 
60 
3.6 litre or 3600 mi „ „ „ „ — 1 ni blond 
100 x 3600 
Blood volume of the person is aeei "jain = 6000 ml or 6 litres 


cell volume volume = 6 — 3.6 lit. = 2.4 lit. 
[57] How can you obtain samples of plasma and serum from an oxalated blood 
sample ? i 
Ans. Plasma can be separated by centrifuging the oxalated blood sample so that the 
blood cells settle down and the plasma can be decanted. For obtaining serum, 
the blood sample has to be coagulated by adding excess of calcium chloride salt 
to it so that Ca. is available for clotting, Then, as the clot retracts, the serum is 
separated out. 
[58] Which is the largest lymphoid tissue in the body ? 
Ans. Spleen. 
[59] (a) What is spleen ? (b) Write its functions. 
Ans. (a) Spleen is a large, gland like organ situated in the upper part of the abdominal 
cavity on the left side, lateral to the cardiac end of stomach. 
(b) Spleen takes part in the following functions : 
[i] Formation of RBC in the embryo ; [ii] Destruction of senile red and white 
blood cells; [iii] Storage of blood (i. e., acts as a blood reservoir), [iv] Metabolism 
of hemoglobin and iron ; [v] Immune response and defence mechanism of the 
body. 
[60] Name two fractions of plasma proteins which are synthesised in liver only? 
[J.E.E. 1996] 
Ans. Albumin, Fibrinogen, Prothrombin, (Any two) 
[61] Hemoglobin content in a blood sample is 80%. Express it in g%. 
Ans. 100% (or normal) hemoglobin in blood means 14.5 g% 
80% hemoglobin in the blood oe means 80% of 14.5 g% 


8 
100 580 8% = 11.62% 


[62] (a) What is MCH ? (b) Calculate the MCH of blood sample in which total 
count of RBC is 5 million / eu mm and the hemoglobin content is 14 g. 

Ans. (a) MCH represents mean corpuscular hemoglobin which means the average 
quantity of hemoglobin present in a single RBC. 


(b) I cu mm of the blood sample contains 5 — (or 5 x 10°) RBCs 
I cc or 1000 cu mm , „ „ „ 3 10° x 1000 = 5 x 10 RBCs 
100 ce „ 5 * 10 „100 5 x 10!! RBCs. 


Again 100 cc of the 15 conais 14 g hemoglobin 
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5 x 10!! RBCs contain 14 g hemoglobin 


14 
1 RBC contains xio g hemoglobin 
2.8 28 12 
= 10¹¹ = To? = 28x 100 g hemoglobin 


<. MCH of the blood sample = 28 x 107? g or 28 pg (picogram). 


ee EXERCISES eee 
@ A. Long Answer type or Essay type : 


1] 
[2] 


[3] 
[4] 
[5] 
ls! 
17¹ 


[8] 
191 


1101 
m 
[12] 


1131 


114 
115] 
1161 
117¹ 
[18] 
[19] 


[20] 
(21) 


[22] 
[23] 


[24] 


Write the composition and functions of blood. (Ans. 2.4.4; 2.2.11) 
What are formed elements of blood ? Write one function of euch. [Tripura H. S. 1986] 
(Ans, 2.2.5, 2.2.6 ; 2.93 2.2.10) 

What are the different varieties of WBC ? Mention their functions in man. 
[J.E.E. 1983, 88; Tripura H.S. 1990] (Ans. 2.5. 3). 


Write the functions of erythrocytes. (Ans. 2.2.6) 
Write the functions of leucocytes. (Ans. 2.2.9) 
What is coagulation of blood ? Discuss the process and significance of it. 


(Tripura H.S. 1991] (Ans. 2.2.13) 

Mention the differences among tissue fluid, lymph and plasma in human body. 
[J.E.E. 1987] (Ans. 2.5.5) 
Give a comparative account of RBC and WBC. (Ans. 2.5.1) 
What is lymph ? Mention its functions ? What will happen when lymphatic of one leg is 
obstruction in our country ? [J-E.E. 1993] (Ans. 2.10. Q-14) 
Write what you know about erythropoiesis. (Ans. 2.2.6) 
If a healthy person donates 200 cc of his blood, approximately what % of the total blood of his 
body is given ? What is the total number of RBCs present in that volume (200 cc) of blood ? 


Enumerate the functions of WBCs. [J. E. E. 1995] (Ans. 2.10. Q-18) 
Mention the main steps of blood coagulation. How the thrombocytes are formed ? What is 
purpura ? IJ. E. E. 1995] (Ans. 2.10. Q-5, 19) 


Why normally blood does not clot inside the vessels ? How thrombocytes help in hemostasis ? 
What will happen if thrombocyte count in blood is very low ? 
[J.E.E. 1996] (Ans. 2.10. Q-6, 21, 15) 
What type of tissue is blood ? Why blood is fluid while in circulation ? What are the differences 
between plasma and serum ? [J.E.E. 1998] (Ans. 2,10. Q-13, 6 ; 2.5.4) 
Mention the distinctive features of different leucocytes in human blood. 
IJ. E.E. 1984] (Ans. 2.2.9) 
Write the physical properties of blood. (Ans. 2.2.3) 
What is hemoglobin ? What are its functions? [J-E.E. 1986]. (Ans. 2.2.7) 
What are the chief functions of red blood cells ? How do you enumerate the number of red 
blood cells in the blood ? [J.E.E. 1986] (Ans. 2.2.6 ; 2.10. Q-3) 
What is the normal level of hemoglobin in adult human blood ? Discuss, its physiological 
variations. (Ans. 2.2.7) 
Discuss briefly the different substances formed from hemoglobin. (Ans. 2.2.7) 
Discuss what would happen if hemoglobin is present in plasma instead of red blood cells. 
(Ans. 2.2.7) 
What do you mean by anemia ? Classify anemia according to its causes. (Ans. 2.2.8) 
‘What are plasma proteins ? From where do they originate ? Write their functions in the body ? 
(Ans. 2.2.12) 
What do you mean by total count, differential count and Arneth count of blood ? Mention their 
normal values in adult human blood. (Ans. 2.2.6 ; 2.2.9 5 2.2.10) 
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Explain the following terms—(a) Coagulation of blood, (b) Anticoagulants, (c) Thrombosis, 


(d) Hemophilia, (e) Fibrinolysis, (f) Defibrinated blood. (Ans, 2.2.13) 
Write what you know about ABO system of blood grouping. _ (Ans, 2.2.14) 
What is Rh-factor ? How blood is grouped on the basis of Rh-factor ? What is its significance? 

(Ans, 2.2.14) 
What do you mean by blood transfusion ? Write the precautions to be taken for it and the 
effects of incompatible blood transfusion. (Ans. 2.2.14) 
What is tissue fluid ? Write its composition, formation, fate and functions. (Ans, 2.3) 
What is lymph ? Write its composition, formation, fate and functions. (Ans. 2.4) 


© B. Short Answer type: 


11 
121 


[B] 
141 
[5] 
[6] 
171 
[8] 
[9] 
[10] 
1¹¹ 
(12] 
1131 
114 


[15] 
[16] 


[17] 
[18] 


[19] 
[20] 


[21] 
[22] 


[23] 
[24] 


[25] 


Why blood is called connective tissue ? IJ. E. E. 1997] (Ans. 2.10. Q-9) 
Write the names of different types of WBC present in blood. Mention how they help in body 
defence, IJ. E. E. 1987] (Ans. 2.10. Q-4) 
What are hemoglobin and myoglobin ? Write their main functions in the body. 
3 IJ. E. E. 1989] (Ans. 2.10. Q-7) 

What do you understand by anticoagulants ? Give three examples. 

[J-E.E. 1990] (Ans. 2.10. Q-10) 
What is a living test tube ? What will happen if thrombocyte count is very low ? 

[J.E.E. 1993] (Ans. 2.10. Q-15) 
Name two fractions of plasma proteins which are synthesised in liver, Name two sources of 
heparin in our body. i [J.E.E. 1993] (Ans. 2.10. Q-17) 
Name two fractions of plasma proteins which are synthesised in liver only. 

[J.E.E. 1996] (Ans. 2.10. Q-60) 
Who first discovered—(a) RBC, (b) ABO system of blood grouping, (c) Rh factor, (d) role of 


gastric juice and vitamin B,, in RBC production ? (Ans. 2.8) 
Name two fractions of plasma proteins which are not found in serum. (Ans. 2.2.12) 
What is rouleaux formation ? (Ans, 2.2.6) 
What are the advantages of absence of nucleus in mature human RBC ? (Ans. 2.2.6) 
What do you mean by MCV and MCH ? What will happen if MCV and MCH are low in a 
person ? (Ans. 2.2.6) 
Name the compounds formed by combination of O, and CO, with hemoglobin for transport of 
these gases in the body. A (Ans, 2.2.7) 
Name two iron containing and two iron free derivatives of hemoglobin produced during 
catabolism of hemoglobin. (Ans. 2.2.7) 
What are the advantages of presence of hemoglobin within the RBCs ? (Ans, 2.2.7) 
What are-(a) oxyhemoglobin, (b) carboxyhemoglobin, (e) methemoglobin and 
(d) carbohemoglobin ? s (Ans. 2.2.7) 
Name two pigments derived from hemoglobin catabolism. (Ans. 2.2.7) 
In circulating blood, the number of which WBC is (i) highest and (ii) lowest ? Name the largest 
and smallest WBCs. (Ans. 2.2.9) 
Name the types of anemia in which size of the RBCs isa) normal, (b) larger, (c) smaller. 
(Ans. 2.2.8) 
What is the significance of presence of foetal hemoglobin in the RBCs during the intra-uterine 
life? (Ans. 2.2.7) 
During which stages of erythropoiesis, synthesis of hemoglobin begins ? (Ans. 2.2.6) 
Name the WBCS which help in—(a) phagocytosis, (b) heparin secretion, (c) antibody production. 
(Ans. 2.2.9) 
Why platelets are called thrombocytes ? (Ans. 2.2.10) 


Calculate the blood volume and cell volume of a person whose packed cell volume is 45% and 
plasma volume is 2750 ml. (Ans. Blood vol. = 5000 ml & cell vol. 2250 ml. See 2.10. Q-56) 
If the hemoglobin content of your friend’s blood is 60%, what will be the amount of hemoglobin 
in grams in his 100 ml blood ? (Ans. 8.70 g, See 2.10. Q-61) 


[26] 


[27] 
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A blood sample contains 12.5 g hemoglobin / 100 ml. Express the hemoglobin content of the 
blood sample in %. (Ans. 86.2%) 
What do you mean by—(a) poikilocytosis, (b) hemolysis, (c) hemostasis and (d) diapedesis ? 

(Ans. 2.2.6; 2.2.9 ; 2.10. Q-21) 


[28] In which blood groups of ABO system would you find—(a) agglutinogen A, ¢p) agglutinogen 
r B, (c) agglutinin d and (d) agglutinin B? (Ans. 2.2.14) 
[29] What is erythroblastosis foetalis ? (Ans. 2.2.14) 
[30] During blood transfusion, why blood is given through drip instead of intravenous injections ? 
À i (Ans. 2.2.14) 
[31] Which of the following blood types can be given to a recipient of AB- group? Explain the 
reason. (a) A-, (b) A> (c) Bt, (d) B~, (e) AB*, (f) AB-, (g) O* and (h) O. (Ans, 2.2.14) 
[32] Why lymph is called a modified tissue fluid ? (Ans. 2.4) 
[33] Mention the factors determining tissue fluid formation. (Ans, 2.3) 
[34] Although lymph is formed from tissue fluid, why the protein content of lymph is higher in 
lymph than that in the tissue fluid ? (Ans, 2.4) 
[35] How sodium citrate prevents coagulation ? What is the advantage of using sodium citrate as 
anticoagulant for storage of blood in blood banks ? 9 (Ans. 2.2.13) 
[36] How do the arterial and venous blood differ in colour ? (Ans. 2.2.3) 
[37] How vitamin K helps in blood coagulation ? (Ans. 2.2.13) 

[38] Which of the following recipient groups can take B blood ? 
(a) A>, (b) B*, (c) AB-, (d) AB*, (e) 0t, (f) O l (Ans. 2.2.14) 

© C. Distinguish between: 
[1] Tissue fluid, lymph and plasma. [J.E.E. 1987] (Ans. 2.5.5) 
[2] RBC and WBC. [Tripura H.S. 1988] (Ans. 2.5.1) 
[3] Lymphocyte and thrombocyte. [J.E.E. 1988] (Ans. 2.5.2) 
[4] Plasma and serum. [J.E.E. 1998] (Ans. 2.5.4) 
[5] Neutrophil, eosinophil and basophil. (Ans. 2.5.3) 
[6] Lymphocyte and monocyte. 4 (Ans. 2.5.8) 
[7] Adult hemoglobin and foetal hemoglobin. (Ans, 2.5.6) 
[8] Oxyhemoglobin and methemoglobin. (Ans. 2.5.7) 
@ D. Write Notes on: 


[1] Plasma proteins. (Ans. 2.2.12), [2] RBC (Ans. 2.2.6), [3] WBC (Ans. 2.2.9), [4] Hemoglobin 
[Tripura H.S. 1985] (Ans. 2.2.7), [5] Platelets (Ans. 2.2.10), [6] Blood clotting (Ans: 2.2.13), 
[7] Thrombosis (Ans. 2.2.13), [8] Rh-factor (Ans. 2.2.14), [8] Tissue fluid (Ans. 2.3), 
[10] Lymph (Ans. 2.4). 


© E. Complete the following sentences with suitable words from these given in parenthesis : 


11 
[2] 


[3] 
(4) 
[5] 
[6] 
17¹ 
[8] 


[9] 


The longivity of human RBC is . (12 hr/120 hr/12 days/120 days) III. S. 1986, 88] 


Serum does not contain ___. (Vitamin K/protein/fibrinogen/calcium) 

(HLS. 1984, 86, 2000, 01]. 
Normal adult male’s blood contains about gm of hemoglobin per 100 cc of blood (5/15/ 
25/50/125/148) [H.S. 1988] 
Pernicious anemia is caused by deficiency of in the diet. (iron / vitamin K/cobalamin/ 
niacin) 
The instrument used in determining hemoglobin content of blood is (spirometer/ 
hemocytometer/hemometer) 
RBCs are larger in size than . (neutrophils / small lymphoeytes/platelets) 
The largest WBC is ___- (megakaryocyte/monocyte/eosinophil) 
Among the WBCs — are present in highest number in blood. (monocytes/neutrophils/ 
lymphocytes) 
The plasma protein present in highest concentration is tipvak (albumin/globulin/fibrinogen/ 


prothrombin) 
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The plasma protein concerned with immunity is (albumin / globulin / prothrombin) 

The WBC concerned with antibody production is (eosinophil/neutrophil/lymphocyte/ 
monocyte) 

The total count of is lower in females than that in males. (RBC/WBC/Platelets). 

The blood of A group can be given to a recipient. (B-/O7/AB*). 

The life span of is longest. (RBC/WBC/Platelet) 

The total count of RBC in a normal adult man is lacs. (40/50/60/80). 


© F. Fill in the blanks : 


11 
[2] 
[3] 
[4] 
[5] 
[6] 
[7] 
[8] 
[9] 
[10] 
(11) 
[12] 
13] 
[14] 
1151 


Blood is a tissue of the body. H. S. 1993] 
Rupture and breakdown of red blood cells is termadd 

— means decrease in number of RBCs in blood. 

Blood of AB- group contains ____ agglutinin. 

is a granular leucocyte, 

The normal hematocrit value of human blood is 

The premature red cells present in circulation are called 

The RBC of is nucleated. 

The stem cell from which RBC originates is called 

Platelets are also called 

The other name of basophil leucocyte is 

is the chief source of plasma proteins in our body. 

The fluid separated out by retraction of clot is called 

Thrombin is an 

The name ‘Rh factor’ has originated from 


G. Choose the correct answer (Multiple choice type): 
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121 
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[4] 
[5] 


[6] 
17¹ 
[8] 


[9] 
[10] 
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121 
[13] 
114 


151 


If the hematocrit value is increased, the total count of RBC will be-(a) Increased, (b) Decreased, 
(c) Unaffected. 

Which one of the following is smallest in size ? 

(a) Neutrophil, (b) RBC, (c) Platelet, (d) Small lymphocyte. 

Blood grouping was discovered by—(a) William Harvey, (b) Malpighii, (c) Karl Landsteiner, 
(d) Richard Lower. 

Blood is a kind of—(a) Tissue, (b) Tissue fluid, (c) Intracellular fluid, (d) None of these. 
The fluid part of blood after removing corpuscles is—(a) Serum, (b) Lymph, (c) Tissue fluid, 
(d) Plasma. 

Hemoglobin is a—(a) Bile pigment, (b) Respiratory pigment, (c) Glycoprotein, (d) Plasma 
protein. 

Normal hemoglobin content in human blood is about—(a) 11.5 8%, (b) 12.5 g%, (c) 14.5 g%, 
(d) 24.5 g%. 

The prosthetic group of hemoglobin is a—(a) Globulin, (b) Porphyrin compound, 
(c) metalloprotein, (d) None of these. 

The protein part of hemoglobin is—(a) Globin, (b) Albumin, (c) Globulin, (d) Chromoprotein. 
Increase in the number of RBC in circulating blood is termed—(a) Anemia, (b) Oligocythemia, 
(e) Polycythemia, (d) Poikilocytosis. 

Which of the following remove germs by phagocytosis ? (a) Thrombocytes, (b) Leucocytes, 
(c) Erythrocytes, (d) Spherocytes. 

Lymph differs from blood in having—(a) No RBC, (b) No WBC, (c) No protein, (d) More 
protein. 

The life span of erythrocytes in man isa) 3 months, (b) 4 months, (c) 5 months, (d) 6 
months. 

Tf blood is mixed with 10% aqueous solution of NaCl, RBCs will—(a) Burst, (b) Shrink, 
(c) Swell, (d) Remain unaffected. 

The human RBCs are devoid of nucleus because—(a) They do not need it, (b) They possess 
hemoglobin, (c) They do not divide, (d) They lose it during their formation. 
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[16] The WBCs help in—(a) Transport of CO,, (b) Transport of O,, (c) Acid base balance, 
(d) Protection from diseases. 

[17] Which of the following is hemopoietic tissue ? (a) Bone marrow, (b) Lung, (c) Stomach, 
(d) Kidney. 

[18] If a person goes to live in high altitude, his body will produce ) RBCs of larger size, 
(b) More RBCs, (c) Less RBCs, (d) More WBCs. 

[19] Which of the following substances present in blood prevents clotting of blood in blood vessels ? 
(a) Thromboplastin, (b) Prothrombin, (c) Plasmin, (d) Heparin. 

[20] Which of the following is present in the blood of AB* group ? (a) antibody, (b) fi-antibody, 
(c) Both of these, (d) None of these. 

[21] Fibrin is formed from fibrinogen by the action of—(a) Thromboplastin, (b) Prothrombin, 
(c) Thrombin, (d) None of these. 

[22] Erythroblastosis foetalis is related to—(a) Foetal hemoglobin, (b) Antigen A and B, (c) Rh 
factor, (d) All these. 

[23] Considering ABO and Rh system of blood grouping, which of the following group is universal 
recipient ? (a) AB!, (b) AB-, (c) O*, (d) O. 

[24] Hemoglobin has greatest affinity for (a) O, (b) CO,, (c) CO, (d) N, 

[25] The dye commonly used for measuring blood volume is—(a) Methylene blue, (b) Evan’s blue, 
(c) Cresyl blue, (d) All these. 

[26] Incompatibility of blood transfusion is based on reaction between—(a) Donor’s plasma and 
recipient’s RBC, (b) Recipient’s plasma and donor’s RBC, (c) Plasma of donor and recipient, 
(d) RBC of donor and recipient. 

[27] Which of the following shows diapedesis ? (a) RBC, (b) WBC, (c) Platelet, (d) None of these. 

[28] Which of the following terms represent and abnormally high total count of WBCs ? 
(a) Eosinophilia, (b) Leucopenia, (c) Leucocytosis, (d) Polycythemia. 

[29] Purpura is caused by—(a) Thrombopenia, (b) Thrombosis, (c) Thrombocytosis, (d) Anemia. 

[30] The other name of blood cancer is—(a) Thalassemia, (b) Septicemia, (c) Sickle cell anemia, 
(d) Leukemia. 

[31] Which of the following is present in blood in highest number ? 
(a) RBC, (b) Neutrophil, (c) Platelet, (d) Lympocyte. 

[32] Which of the following is largest in size ? 
(a) Monocyte, (b) Eosinophil, (c) Neutrophil, (d) Megakaryocyte. 

[33] Which of the following blood types can be given to a recipient of & group 2 
(a) At, (b) AB; (c) O*, (d) Lous 

[34] Which of the following blood types can be infused in a recipient of A* group ? 
(a) A>, (b) OF, (c) O~, (d) All these. 

[35] Arrest of bleeding is termed—(a) Hemolysis, (b) Hemostasis, (c) Hemophilia, (d) Clotting. 


o H. State whether the following statements are ‘True’ or False“: 


[1] In normal human blood, the number of platelets is more than the WBCs. 
[2] Polycythemia means increase in the number of polymorphs in blood. 
[3] Plasma albumin takes part in coagulation of blood. 
[4] Decrease in leukocytie count in blood is called leukemia. 
[5] Blood group antigens are present in RBC membrane. 
[6] Foetal hemoglobin has less affinity for O, than adult hemoglobin. 
[7] WBCs help in acid-base balance in the body. 
[8] Heparin is produced from liver. 
[9] Purpura is caused by deficiency of eosinophils. 
[10] Packed cell volume is determined by centrifugation of clotted blood. 
[11] Erythropoietin formation is stimulated by anoxia. 
[12] Hemoglobin combines with CO, to form carboxyhemoglobin. 
[13] Monocyte is a kind of agranular WBC. 
[14] Small lymphocyte is the smallest blood corpuscle. 
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[15] Differential count of blood is the percentage count of different types of neutrophils. 
[16] The blood of Rh negative group contains anti-Rh-factor. 

[17] Tissue fluid is derived from plasma. 

[18] Plasma contains more protein than tissue fluid and lymph. 

[19] Tissue fluid can coagulate. 

[20] Lymph contains numerous platelets to help its coagulation. 


Answers to Q No. E, F, G and H 


[1] 120 datys. [2] Fibrinogen. [3] 15. [4] Tron, [5] Hemometer. [6] Platelets. [7] Monocyte. 
[8] Neutrophiis. [9] Albumin. [10] Globulin, [11] Lymphocyte. [12] RBC. [13] ABt. 
[14] RBC. [15] 50. ` 

[F] [1] Connective. [2] Hemolysis. [3] Anemia. [4] No. [5] Neutrophil or Basophil or Eosinophil. 
[6] 45. [7] Reticulocytes. [8] Toad. [9] Hemocytoblast. [10] Thrombocytes. [11] Cyanophil. 
[12] Liver. [13] Serum. [14] Enzyme. [15] Rhesus. 

III (a). [2] (c). [3] (c). [4] (a), [5] (d). [6] (b). [7] (c). [8] (b). [9] (a). [10] (c). [11] (b). 
[12] (a), [13] (b). [14] (p). [15] (d). [16] (d). [£7] (a). [18] (b). [19] (d), [20] (d). [21] (c). 
[22] (c). [23] (a). [24] (c). [25] (b). [26] (b). [27] (b). [28] (c). [29] (a). [30] (d). [31] (a). 
[32] (d). [33] (d). [34] (d). [35] (b). 

[1] True, [2] False, [3] False, [4] False, [5] True, [6] False, [7] False, [8] True, [9] False, 
10] False, [11] True, [12] False, [13] True, [14] False, [15] False, [16] False, [17] True, 
[18] True, [19] False, [20] False. 
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Cardiovascular System 


Topics Discussed : Anatomy of human heart ; Course of circulation of blood through heart ; Junctional 
tissues of heart: origin and propagation of cardiac impulse ; Histological structure of arteries, veins and 
capillaries ; Properties of heart ; Heart beat and heart rate : Pressure pulse and pulse rate; Cardiac cycle ; 
Heart sounds ; Cardiac output; Blood pressure ; Circulation time ; Causes of common cardiovascular diseases; 
Cyanosis : blue baby. 


3.1. Introduction 


The circulatory system of man consists of a central pumping organ called heart and 
a network of tube-like structures called blood vessels distributed all over the body. So, 
the circulatory system is also called cardiovascular system (Gr. cardio=heart), Blood 
vessels are of three main types-arteries, veins and capillaries. The function of heart 
and the circulation of blood in man was first discovered by an English physician William 
Harvey in 1616. He showed that the heart works like a pump by contracting and relaxing 
alternately, and it is provided with valves to maintain unidirectional flow of blood in 
the body. He also showed that during contraction of heart, blood is distributed to different 
organs through the deep lying efferent (outgoing) vessels which he called ‘arteries’, 
and then the blood is returned back to heart during its relaxation, through more superficial 
afferent (incoming) vessels which he called ‘veins’. Harvey did not know the existence 
of capillaries because there was no microscope at that time. Later, in 1661, Marcello 
Malpighi discovered capillaries after the discovery of microscope. Capillaries are very 
fine (microscopic) blood vessels forming a network which connects an artery to a vein, 
In fact, an artery divides repeatedly to form finer branches called arterioles, Each 
arteriole divides further producing gradually smaller branches and finally forms a 
network of capillaries which reunite to form a venule. A number of venules unite to 
form a vein. The capillary network is meant for exchange of materials between the 
plood and the tissues. At the arterial side of the capillary bed, nutrients and O, are 
supplied from blood to tissues: The products formed in tissues (metabolic wastes etc.) 
pass into the bloodstream at the venous end of the capillary bed. All arteries together 
constitute the arterial system, and all veins together form the venous system. In man, 
the circulation of blood is referred to as ‘closed type’ because the circulating blood 
remains confined within the heart and the blood vessels, and does not come in direct 


contact of the tissues. 


3.2. Anatomy (Structure) of Human Heart s 

Shape, size and location : The human heart is a hollow, cone-shaped, muscular 
organ. In adults, it weighs about 250 — 350 g. Its upper broad end is called base that 
remains connected with large vessels. The lower part is tapering, the tip of which is 
called apex. The heart lies in the thoracic cavity in between the two lungs just beneath 
the sternum, and remains slightly inclined towards the left side of the body. The apex 
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of heart lies about 9 cm apart from the midline, on the left side. The heart is enclosed 
by a double layered membranous covering, the pericardium, the outer and inner layers 
of which are called parietal pericardium and visceral pericardium respectively. The 
space between these two layers is called pericardial cavity which is filled with a fluid, 
the pericardial fluid. Presence of this fluid minimizes friction between the inner wall 
of thoracic cavity and heart during its contraction and relaxation. The pericardium 
remains attached to the large vessels at the base and to the diaphragm at the apex so 
that the heart is held in its normal position. 
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Fig. 3.1 : Morphology of heart (ventral view). 


Chambers of the heart : The human heart consists of four chambers, two above 
and two below. The upper ones are called atria (sing. atrium)* and the lower ones are 
called ventricles. Of the two atria, one is placed on the left side and the other on the 
right side ; these are referred to as left atrium and right atrium respectively. Similarly, 
the ventricles placed on the left and right sides are called left ventricle and right ventricle 
respectively. The junction of atria and ventricles is marked by the presence of an 
atrioventricular groove encircling the heart. The two atria are separated by a partition 
called inter atrial septum. Similarly, the two ventricles are also separated by an inter 
ventricular septum. On each side of the heart, the atrium and ventricle are 
interconnected by an aperture (orifice) placed in between them ; the aperture between 
the left atrium and left ventricle is called left atrioventricular aperture and that between 
the right atrium and right ventricle is called right atrioventricular aperture. 

Wall of the heart: The wall of the heart is three layered, From outside inwards the 
layers are epicardium, myocardium and endocardium. The outermost epicardium 
layer is thin and made up of fibrous and elastic tissue. It remains fused with the visceral 
pericardium. In fact, the epicardium and visceral pericardium are indistinguishable. 
The middle layer of heart or the myocardium is made up of branching cardiac muscle 
and connective tissue. The cardiac muscle is striated but involuntary, The thickness of 
this layer and as a result the thickness of the cardiac wall varies in different chambers 
of the heart depending on their function. In the atria, the myocardium is very thin 


* The term auricle is sometimes incorrectly used to designate the entire atrium. Strictly speaking, 
auricle means the ear-shaped flap protruding from either atrium and not the whole atrium. 


CARDIOVASCULAR SYSTEM 1017 


because they are not required to contract much forcefully as during their contraction 
they simply send the blood to the corresponding ventricles. On the other hand the 
ventricles are more muscular (i.e., their myocardium is thick) because they cet the 
blood throughout the whole body and actually act as a pump. Further, among the two 
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Fig, 3.2 : Wall of heart (diagrammatic). 


ventricles, the right one pumps the blood to the two lungs only, situated one on either 
side of the heart, very near to it, whereas the left ventricle pumps the blood to all other 
tissues extending from head to feet. Thus, the left ventricle has to contract much more 
forcefully and as such it is provided with the thickest musculature in the myocardium 
layer. The innermost endocardial layer is made up of a single layer of flat endothelial 
cells. The endocardial layer of atria is thicker than that of the ventricles. For this reason, 
the inner surface of the atria appears white while that of the ventricles is red. Moreover, 
the inner surface of the atria is smooth, whereas that of the ventricles is uneven and 
thrown into folds, formed by projections of myocardium covered with endocardium. 
These folds are called papillary muscles. 

Vascular connections of the chambers of heart: In the heart, atria are receiving 
chambers and ventricles are pumping chambers, i.e., the blood is pumped to different 
tissues by the ventricles through the arteries from where it (blood) is returned to the 
atria through the veins. The right atrium is connected with three large veins called 
superior (or anterior) vena cava, inferior (or posterior) vena cava and coronary 
sinus. They drain impure (deoxygenated) blood into the right atrium from the upper 
part of the body, lower part of the body and cardiac tissue respectively. The left atrium 
is connected with four pulmonary veins that carry pure (oxygenated) blood to it from 
the lungs. The right ventricle is connected with the pulmonary trunk that divides into 
two branches, the right and left pulmonary arteries, through which the impure blood 
is sent to the corresponding lungs for oxygenation. The left ventricle communicates 
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with the aorta which through its branches (collectively known as the arterial system) 
supplies oxygenated blood to the different tissues of the body. 
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Fig. 3.3 : Longitudinal section through the heart (ventral view). 


Valves of the heart : The heart is provided with four sets of valves in order to 
maintain a unidirectional flow of blood within it. The valves are made up of fibrous 
connective tissue and covered by endothelium. Two of these valves guard the right and 
left atrioventricular apertures. They are called right and left atrioventricular valves 
(A V valves) respectively. The right AV valve is made up of three cusps (or segments) 
and is also known as tricuspid valve. The let AV valve consists of two cusps and 
hence it is called bicuspid valve. It is also known as mitral valve. The AV valves open 
towards the ventricles during the relaxation of the yentricles and allow the blood to 
flow from the, atria to the ventricles, When the ventricles contract these valves are 
closed to prevent back flow of blood from the ventricles to the atria. The free edges of 
the cusps of the AV valves remain attached to a few small tendinous cords called chordae 
tendineae that are bound to the ventricular papillary mu cles at their other ends. These 
cords prevent the opening of the AV valves towards ‘le atria during the ventricular 
contraction, thereby preventing the back flow of blood trom the ventricles to the atria. 

The remaining two sets of valves are present at the origin of the aorta and the 
pulmonary trunk from left and right ventricles respectively. These are called left and 
right semilunar valves (SL valves) or aortic and pulmonary valves respectively. The 
semilunar valves open during the contraction of the ventricles due to rise in the 
intraventricular pressure and allow the flow of blood from ventricles to aorta and 
pulmonary trunk. These valves become closed during ventricular relaxation to prevent 
the back flow of blood from aorta and pulmonary trunk to the ventricles. 


3.3. Course Of Circulation Of Blood Through Heart 


The left atrium receives pure (oxygenated) blood from the lungs through the 
pulmonary veins. From the left atrium, the blood then passes into the left ventricle 
through the bicuspid valve. From here, the blood is forced through the aortic valve (left 
SL valve) into the aorta and distributed to all parts of the body for supply of O, and 


CARDIOVASCULAR SYSTEM 1019 


nutrients to the tissues. Then the impure (deoxygnated) venous blood is returned to the 
right atrium through superior vena cava and inferior vena cava. From the right atrium, 
blood then passes through the tricuspid valve into the right ventricle. From here, the 
blood is forced through pulmonary valve (right SL valve) and carried to the lungs 
through the pulmonary arteries for oxygenation. 
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Fig. 3.4 : Internal structure of heart and course of blood circulation through it 
(arrows indicate direction of blood flow). 


Although the heart is an organ filled with blood, its muscle layer (specially in 
ventricles) is too thick to be nourished by this blood. The cardiac tissue receives blood 
supply through right and left coronary arteries which arise from aorta very close to its 
origin. The deoxygenated blood leaving the cardiac tissue is drained into right atrium 
through a large vein called coronary sinus. The course of circulation of blood through 
human heart can be summarized schematically as follows : 
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Like other mammals, the human heart is also completely divided into two (right and 
left) halves. This prevents admixture of oxygenated and deoxygenated blood passing 
through the left and right sides of the heart respectively. Circulation of blood in man is 
considered as double circuit system as if the blood circulates through two circuits, a 
short circuit between the heart and the lungs (pulmonary circulation) and a long 
circuit between the heart and all other tissues (systemic circulation). This is represented 
below schematically : 
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3.4. Histological Structure Of Arteries, Veins And Capillaries 


Arteries are blood vessels which carry the blood away from the heart to the tissues 

while veins are those vessels which carry the blood from the tissues towards the heart. 
Capillaries carry the blood from the arteries to the veins. The wall of arteries and veins 
consists of three distinct coats (layers) while the capillary wall is single layered. Arteries 
have a thick wall and a narrow lumen while the veins have a less thick wall and a wider 
lumen, So, the veins can hold a lot of blood without much rise of pressure. The 
histological structure of arteries, veins and capillaries are described below. 
@ Arteries : The arterial wall is composed of three coats. From outside inward, these 
are tunica adventitia. (or tunica externa), tunica media and tunica intima (or tunica 
interna). The outer two layers are very thick because the arteries have to withstand and 
maintain a high blood pressure. The characteristic features of the three layers of arterial 
wall are as follows :— 

[1] Tunica adventitia—It is the outermost and strongest layer of the arterial wall 
made up of connective tissue. It consists of longitudinally running inelastic white 
fibrous connective tissue (collagen fibres) intermingled with a network of elastic 
fibres. In some large arteries, the elastic network is so prominent that it forms a distinct 
layer at the inner part of tunica adventitia (i. e., in between tunica adventitia and tunica 
media) ; this is called external elastic lamina (or external elastic membrane). The 
tunica adventitia prevents overstretching (excess distension) and rupture of the arteries. 

[2] Tunica media—It is the middle, thikest coat of arterial wall composed of 
circularly arranged smooth muscle fibres and elastic fibres, The muscle fibres are 
arranged in several concentric layers. The fine, branched and interwoven elastic fibres 
remain interspersed throughout the layers of muscle fibres. The proportion of muscular 
and elastic fibres vary in the arteries of different sizes; there is preponderance: of 
elastic tissue in large arteries, and muscular tissue in smaller arteries and arterioles. 
The muscle fibres help to adjust the diameter of the vascular lumen for regulation of 
pressure and flow of the circulating blood. 
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[3] Tunica intima—tt is the internal coat of arterial wall. It is composed of three 
sublayers ;. from outside inward, these are (i) internal elastic lamina (or internal 
elastic membrane), (ii) subendothelial layer and (iii) endothelium. The internal elastic 
lamina is fenestrated, (i.e., having holes) and thrown into folds so that the entire 
tunica intima (luminal border) of the arteries appear to be corrugated. The subendothelial 
layer is made up of areolar connective tissue. The arterial disorder called atherosclerosis 
is due to deposition of lipid materials in this layer. The endothelium forming the luminal 
surface is made up of a single layer of elongated endothelial cells (modified squamous 
epithelial cells lining the lumen). It makes the inner surface of blood vessels smooth so 
that the blood may flow with minimum frictional resistance. The smoothness of the 
inner surface of the vessels is also necessary to prevent intravascular clotting of blood. 
The endothelial cells are highly active and secrete many substances of physiological 
importance. 

In small arteries, all the three coats (tunica advenitia, media and intima are present 
but they become gradually thinner. In arterioles, the external elastic lamina and the 
subendothelial layer are absent. 
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Fig. 3.5: Histological structure of artery [A], vein [B], and capillary [C]. 


o Veins : Like the arteries, the veins also have the same three coats—tunica adventitia, 
tunica media and tunica intima from outside inward but the inner two coats (i.e., tunica 
intima and media) are comparatively thinner due to less muscular and elastic elements. 
Hence, the veins are thin-walled but these vessels are strong enough due to presence of 
considerable amount of collagen fibres. The features of the three coats of venous wall 
are as follows: 

[1] Tunica adventitia It is much developed and the thickest layer of venous wall. 
It is made up of connective tissue consisting of collagen and elastic fibres like that of 
the arteries. In some veins, this coat additionally contains longitudinally arranged muscle 
fibres. The external elastic lamina is less developed. i 

[2] Tunica media—This middle coat is considerably thinner than that of the arteries. 
It is also composed of circularly arranged smooth muscle fibres mingled with elastic 
fibres like that in the arteries but both these elements are present in much less quantity. 
In some veins like those of bones and central nervous system, there is no muscular 
tissue. However, considerable amount of collagen fibres is present in this coat (which 
is not seen in the arteries). 

[3] Tunica intima—It consists of endothelium (made up of less elongated cells), a 
little connective tissue and a very thin fenestrated elastic membrane (i.e., internal 
elastic lamina). The elastic membrane may be absent in the smaller veins. 
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One of the characteristic features of the veins is presence of valves in them. These 
valves are formed by local folding of the tunica intima. They are structurally similar to 
the semilunar valves of aorta and pulmonary trunk but their free margins are turned in 
the opposite direction, i.e., towards the heart; so, they prevent back flow of blood in 
the veins. Valves are not equally distributed in all veins ; in some veins, they may be 
absent. They are more numerous in the veins of the extremities, and are found in 
maximum number in those of the leg. 


Vasa vasorum—The walls of the large arteries and veins are thick enough so 
that the tissues in their outer two coats cannot derive nourishment directly from the 
blood flowing through their lumen. So, the walls of large blood vessels, specially 
the arteries, are supplied with smaller blood vessels (arteries, capillaries and veins) 
collecfively known as vasa vasorum or ‘blood vessel of blood vessels’ which 
penetrate through tunica adventitia into the tunica media but do not reach the tunica 
intima. 


© Capillaries : Capillaries are narrow and thin-walled vessels. The diameter of 
capillaries varies in different tissues. Majority of these vessels are 7-10 um in diameter 
so that only a single row of blood cells can squeeze through them. The capillary wall is 
composed of a single layer of elongated and flattened endothelial cells placed on a 
basement membrane. At intervals along the capillary wall, some peculiar cells called 
pericytes or Rouget cells with unknown function are also present on the outer surface 
of the basement membrane. The capillary wall is porous due to presence of small gaps 
(pores) at the junction of neighbouring endothelial cells. These pores allow small solute 
molecules and ions but not the larger moleules like proteins to diffuse through the 
capillary wall. 


3.5. Junctional Tissues Of Heart : Origin And Propagation Of Cardiac 
Impulse 


The heart beats (contracts and relaxes) throughout the life spontaneously and 
rhythmically. For this, the heart (cardiac muscle) generates repeated impulses at regular 
intervals (i. e., rhythmically) without any extenal stimulus (i e., spontaneously) which 
spread over the entire heart. For origin and propagtion of cardiac impulse, some cardiac 
muscle fibres have become specially modified so that they can generate and conduct 
impulses but they do not contract like those of atria and ventricles. They are collectively 
known as junctional tissues of heart or cardiac conduction system. This system is 
made up of the following five components: (i) sinoatrial node (SA node), (ii) internodal 
pathways, (iii) atrioventricular node (AV node), (iv) bundle of His and its banches, 
and (v) Purkinje fibres. 

The SA node is situated at the junction of superior vena cava and right atrium. The 
AV node is situated in the right atrium at the posterior part of interatrial septum above 
the opening of the coronary sinus. Three bundles of fibres connecting the SA node 
with the AV node constitute the internodal pathways. The bundle of His originates 
from the AV node and proceeds along the right side of the interventricular septum and 
then divides into two (right and left) branches at the junction between the membranous 
and muscular parts of the septum. The right and left branches of the bundle of His pass 
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along the respective sides of the interventricular septum towards the apex of heart and 
finally ramify to form Purkinje fibres which remain distributed in the myocardium of 
the corresponding ventricles. 

In mammalian heart, cardiac 
impulse normally originates in the 
SA node from where it spreads 
over the atrial musculature in all 
directions like the ripples in a 
pond to reach the AV node. The 
impulse generated in the SA node 
is also transmitted to AV node 
through the internodal pathways. 
From the AV node, the impulse 
travels along the bundle of His and 
its right and left branches to reach 
the Purkinje fibres which finally 
relay the impulse to the ventricular 
muscles. 

In fact, different components of the junctional tissues can generate impulse 
spontaneously and rhythmically but at different rates e.g., SA node 70-80/min, AV 
node 40-0 / min and Purkinje fibres 30-40/min. Since the SA node normally produces 
impulses at the highest rate, the impulses generated in the SA node spread over the 
entire heart before any other portion of the heart can generate its own impulse. So, the 
entire heart beats according to the rhythm of SA node which determines the heart rate. 
For this reason, the SA node is called natural (or normal) pacemaker of heart. Normal 
beating of the heart due to impulses generated by the SA node is called sinus rhythm. 
When due to any reason the SA node fails to work properly, the AV node takes up the 
function of pacemaker and the heart beats at a slower rate according to the rhythm of 
the AV node; this is called nodal rhythm. So, the AV mode is also called reserve 
pace- maker of heart. Further, when AV node fails, the Purkinje fibres act as the 
pacemaker and the ventricles beat at a still lower rate (30—40 times per minute); this is 
called idio- ventricular rhythm. In amphibian heart, SA node is absent and the sinus 
venosus works as the pacemaker. 

o Heart block: Impaired functioning of the junctional tissues of heart i.e., incapability 
of production and conduction of normal cardiac impulse is referred to as heart block. 
It may be of different types. If the SA node fails to produce impulses at the normal rate, 
the condition is called sinoatrial block in which the heart shows nodal rhythm. When 
the defect is in the AV node or bundle of His or its branches so that conduction of the 
impulses generated by the SA node to the ventricles is impaired, the condition is called 
atrioventricular block in which the pumping action of heart is slowed down. If the 
conduction through bundle of His is delayed, itis called incomplete (or partial) heart 
block ; but when conduction through the bundle of His is totally stopped, it is called 
complete heart block in which the ventricles beat at their own intrinsic rhythm 
(idioventricular rhythm). Sometimes either of the two branches of the bundle of His 
fails to conduct, the condition is called right or left bundle branch block. In such 
cases, the ventricle of the affected side contracts a little later than the other. Artificial 
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Fig, 3.6 : Junctional tissues of heart. 
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pacemakers are often used in cases of severe heart block to avoid its serious 
consequences. 


BEE SS M N N REVISON RS BESS See ‘a 


Apex of heart—The tip of the lower tapering part of the heart. 

Base of heart—The upper broad end of the heart. 

Pericardium—The double layered serous membrane covering the heart. 

Epicardium—The outer most layer of the cardiac wall, made up of fibrous and 

elastic tissue. 

Myocardium—The middle layer of the cardiac wall, made up of cardiac muscle. 

Endocardium—The innermost layer of the cardiac wall made up of a single 

layer of flat endothelial cells. 

Papillary muscles—Folds of myocardium projecting towards the ventricular 

cavity. 

Bicuspid (or Mitral) valve—The valve present at the left atrioventricular aperture. 

Tricuspid valve—The valve present at the right atrioventricular aperture. 

Semilunar valves—Valves present at the origin of aorta and pulmonary trunk. 

Vasa vasorum—Small blood vessels supplying nourishment to the wall of large 

arteries and veins. 

Natural pacemaker—SA node. 

Reserve pacemaker—AV node. 

Heart block—Impairement of production and conduction of normal cardiac 
impulse. 


3.6. Properties Of Heart (Cardiac Muscle) 


Cardiac muscle shows the following characteristic functional features in contrast to 
other muscles. 

[1] Automatic rhythmicity : The cardiac muscle can initiate its own impulse 
rhythmically and hence the heart beats at regular intervals, normally at the rate of 72 
per minute on an average in adult humans. 

[2] Conductivity : The impulse originated at the SA node spreads over the entire 
heart through specialized junctional tissues namely SA node, internodal pathways, AV 
node, bundle of His and its branches and Purkinje fibres. 

[3] All or none law: The cardiac muscle obeys all or none law i.e., on being 
stimulated, it responds either maximally or not at all. In contrast to skeletal muscle 
fibres which obey the all or none law individually, the cardiac muscle fibres obey all or 
none law as a whole. 

[4] Refractory period : It is the time gap during which a second stimulus fails to 
elicit a response. The refractory period of cardiac muscle is much longer than that of 
skeletal muscles and extends throughout the entire period of contraction (systole) and 
relaxation (diastole). Due to this long refractory period, the heart is neither easily 
tetanized nor fatigued. 

[5] Staircase phenomenon : When a quiscent heart regains beating, the first few 
beats gradually increase in strength ; this is called staircase phenomenon or treppe. 

[6] Tonicity : Cardiac muscle maintains a tone, independent of its nerve supply. 
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3.7. Heart Beat And Heart Rate : Pressure Pulse And Pulse Rate 


The heart shows alternate contraction and relaxation throughout the life. The 
contraction and relaxation of heart are referred to as systole and diastole respectively. 
A systole and its subsequent diastole are collectively termed as heart beat ; that means 
the two atria and the two ventricles contract and relax once in each heart beat. The 
number of heart beats occurring per minute is called heart rate. 

The blood forced into the aorta by contraction of the heart produces a pressure 
wave which propagates through the arteries ; this is called pressure pulse or simply 
pulse. Pulse is the impact felt in an artery caused by the heart beat. Pulse can be felt 
easily from the radial artery in wrist (radial pulse) or carotid artery in neck or femoral 
artery in foot by placing fingers on them. Pulse count per minute is called pulse rate 
which equals to heart rate. Clinically, heart rate is often determined by counting the 
radial pulse per minute. 
© Normal value of heart rate: In adult humans, the average normal value of heart 
rate (or pulse rate) is 72 per minute, ranging between 70-80 per minute. An abnormal 
increase in heart rate (above 100/minute) is called tachyeardia which may occur 
physiologically (e.g., during exercise, nervousness etc.) as well as pathologically (e.g., 
in fever, thyrotoxicosis etc.). Conversely, an abnormally low heart rate (below 60/minute) 
is termed bradycardia which is found physiologically in athletes or pathologically in 
myxoedema, heart block etc. 
© Factors affecting heart rate: 

[1] Age: Heart rate is inversely proportional to age. With increase of age, the heart 
rate declines ; in the foetus it is 140-150/minute, in newborn 130-140 / minute, between 
2-3 years of age 95-115/minute, in 7-14 years of age 80-90 / minute and after 15 years 
of age it becomes 70-80/minute. 

[2] Sex : Heart rate is slightly higher in females than in males. Heart rate in females 
increases further during pregnancy. 

[3] Size of the body : Heart rate is usually inversely proportional to the size of the 
body. Individuals with larger body size have lower heart rate. 

[4] Posture : Heart rate is higher in standing posture than in recumbent posture. 

[5] Meal : Heart rate usually increases after a meal. 3 

[6] Sleep : During sleep, the heart rate decreases slightly. 

[7] Diurnal variation : In a day, the heart rate is slightly raised in the evening and 
reduced in the morning. 

[8] Nerves : Excitation of sympathetic or parasympathetic (vagus) nerves due to 
any reason, causes increase or decrease of heart rate respectively. 

[9] Hormones : Hormones like adrenalin and thyroxine increase the heart rate. 

[10] Metabolic status : Heart rate is directly proportional to metabolic status of an 
individual. Anything that increases or decreases BMR raises or reduces the heart rate 
respectively. ; 

[11] Exercise : Heart rate is increased by exercise. However, in trained athletes, the 
normal resting heart rate is lower than that of non-athletes. 

[12] Mental tension and nervousness : Heart rate is increased due to mental tension 
and nervousness. 

[13] Anoxia (O, lack) and hypercapnia (CO, excess) : These two factors increase 
heart rate. 

2253—65 
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[14] Respiration : Normally, the heart and lungs run parallel i.e., anything causing 
suppression or stimulation of respiration, would also decrease or increase the heart rate 
respectively. 

[15] Intracranial pressure : Rise in intracranial pressure produces bradycardia. 

[16] Body temperature : Rise of body temperature e.g., in fever, eg 
etc., increases heart rate. 


3.8. Cardiac Cycle 


Definition: A series of events occur in the heart during each heart beat and these 
events are repeated in the same order in the next beat. Cyclic repetition of the sequence 
of mechanical events occurring in the atria and ventricles during each heart beat is 
called cardiac cycle. 

Cardiac cycle time: Cardiac cycle time means duration of a cardiac cycle which 
equals to the duration of a heart beat. In normal adults, the heart rate is 70-80 / minute. 
Supposing it to be 72/minute on an average, the duration of each heart beat and thus 


the cardiac cycle time comes to =~ = 0.8 second (approx). Obviously, the cardiac 


72 
cycle time is inversely proportional to the heart rate, ie., more the heart rate less the 
cardiac cycle time. 
® Events of cardiac cycle : Cardiac cycle is divisible into two components 
cycle and ventricular cycle, each having a duration of 0.8 see and includes systole and 
diastole of the respective chambers. 

[1] Atrial cycle : The sequence of mechanical events occurring in atria in each 
cardiac cycle (or heart beat) are collectively called atrial cycle. Its duration is 0.8 sec 
(same as the duration of cardiac cycle) and it comprises of two phases (or events)— 
atrial systole and atrial diastole. 

[A] Atrial systole : In this phase, both the atria contract almost simultaneously. Its 
duration is 0.1 see. In a heart beat, the atria contract first because they are nearest to the 
SA node from where cardiac impulse is generated. In the first half of atrial systole, the 
force of contraction is higher than the second half. During the atrial systole, blood is 
forced out from the atria into the respective ventricles through the AV apertures because 
the AV valves remain open. It must be noted that the opening of AV valves is not 
caused by atrial contraction and rise of intra-atrial pressure, In fact, opening of AV 
valves and thus the beginning of ventricular filling occurs much before the onset of 
atrial contraction, and atrial systole coincides with the last phase of ventricular filling. 

[B] Atrial diastole : It begins just after the atrial systole and continues till the next 
atrial systole is started. Its duration is 0.7 sec. In this phase, both atria relax (expand) 
slowly and simultaneously so that the purified (oxygenated) blood coming from the 
lungs through the pulmonary veins enter into the left atrium and the deoxygenated 
blood carried by the superior and inferior vena cava and the coronary sinus enter into 
the right atrium. 

[2] Ventricular cycle : The sequence of mechanical events occurring in the ventricles 
in each heart beat are collectively called ventricular cycle. Its duration is 0.8 sec (same 

as cardiac cycle time). It comprises of two main phases (events) ventricular systole 
and ventricular diastole, each having some sub-phases. 
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[A] Ventricular systole : It begins just after the atrial systole, simultaneously with 
the atrial diastole. Its duration is 0.3 see during which both the ventricles contract 
simultaneously so that the AV valves are first closed and then the SL valves are opened, 
and blood is pumped from ventricles to aorta and pulmonary trunk. It includes the 
following successive phases :— 

[i] Isometric contraction phase : At the very beginning of ventricular systole, the 
AV valves are closed to prevent back flow of blood from ventricles to atria. The SL 
valves are opened a little later, about 0.05 sec after the closure of AV valves. The 
period between closure of AV valves and opening of SL valves is called isometric 
contraction phase during which the ventricles contract like closed chambers and blood 
is not ejected from them. This phase is so named because during this the ventricular 
muscles contract isometrically, ie they do not shorten in length but develop enough 
tension. As a result of this, the intraventricular pressure rises considerably to open the 
SL valves. This phase is also known as isoyolumetric contraction phase because 
during this, the ventricular volume remains unchanged (i.¢., does not decrease). 

[ii] Ejection phase : The remaining part of the ventricular systole from the end of 
isometric contraction phase (i. e, opening of SL valves) is called ejection phase because 
during this blood is ejected from left ventricle to aorta and right ventricle to pulmonary 
trunk. It continues for 0.25 sec during which the ventricles contract isotonically (i.e. 
they shorten in length to reduce the ventricular volume but there is very little increase 
in tension). It is again divisible into two sub-phases. 

(a) Maximum ejection phase: With the opening of the SL valves, blood is ejected 
forcefully from the ventricles due to the high intraventricular pressure developed during 
isometric contraction phase. In the early part of ejection phase, the rate of ejection is 
very high for about 0.11 sec ; hence, it is called maximum ejection phase (more blood 
is ejected in relatively shorter time). 

(b) Reduced ejection phase : In the remaining (last) part of the ejection phase 
(0.14 sec), the rate of ejection is slowed down (te., much less blood is ejected in 
relatively longer period) ; so this is called reduced ejection phase. During this, the 
blood left in the ventricles is squeezed out. 

[B] Ventricular diastole : It extends from the end of one ventricular systole to the 
beginning of the next. Its duration is 0.5 see during which both the ventricles relax 
jointly so that at first the SL valves are closed and then the AV valves are opened to 
allow ventricular filling. It includes the following successive phases :— 

[i] Protodiastole (or protodiastolic phase) : With the onset of ventricular relaxation, 
the intraventricular pressure tends to fall. As soon as the intraventricular pressure 
becomes lower than the pressure of aorta and pulmonary trunk, the SL valves are closed 
to prevent back flow of blood from these vessels to the ventricles The period between 
beginning of ventricular diastole and closure of SL valves is called protodiastole. Its 
duration is 0.04 sec. 

[ii] Isometric relaxation phase : The period of ventricular systole between closure 
of SL valves and opening of AV valves is called isometric (or isovolumetric) relaxation 
phase. Its duration is 0.08 sec. During this, the ventricles relax like closed chambers 
because both SL valves and AV valves remain closed ; thus there is no ventricular 
filling. This phase is so named because during this, the ventricular muscles do not 
increase in length (i. e, the ventricular volume does not increase) but the intraventricular 
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pressure decreases remarkably. When the pressure within the ventricles falls below 
that of the atria, the AV valves open and the isometric relaxation phase ends. 

[iii] Ventricular filling phase : The remaining part of the ventricular diastole from 
the opening of AV valves is called ventricular filling phase because during this, the 
ventricles are filled up by the blood flowing into them from the atria. Its duration is 
0.38 sec during which the ventricles relax isotonically (i.e. they increase in volume 
without much fall of pressure within them). It is divisible into three sub-phases. 

[a] First rapid filling phase : In the initial part of the ventricular filling immediately 
after opening of the AV valves, the blood stored in atria flows into the ventricles very 
rapidly for about 0.113 sec due to the pre-existing low intraventricular pressure created 
by the isometric relaxation of ventricles. This is called first rapid filling phase. 

[b] Reduced filling phase : After the initial rapid filling, the flow of blood from 
atria to ventricles is slowed down because no more blood is stored in the atria and the 
blood entering into the atria flows slowly into the ventricles. This is called reduced 
filling (or slow inflow) phase or diastasis which continues for 0.167 sec. 

[c] Last rapid filling phase : The final phase of ventricular filling (or ventricular 
diastole) coincides with the atrial systole and thus the flow of blood from atria to 
ventricles again becomes rapid. So, this phase is called last rapid filling phase. Its 
duration is 0.1 sec (same as atrial systole). 

From the above description it is apparent that—{1] The duration of systole and 
diastole of atria and ventricles are different ; [2] the duration of diastole is longer than 
that of systole in case of both atria and ventricles ; [3] the opening and closing of all the 
valves of heart are caused by the action of ventricles. The events of cardiac cycle and 
their durations are summarized below. 


Atrial 
systole 
Atrial (0.1 sec) 
cycle Isometric contraction 
(0.8 sec) Atrial phase (0.05 sec) 
ý diastole 
(0.7 sec) Maximum ejection 
Cardiac Ejection phase phase (O. II sec) 
cycle (0.25 sec) 


(0.8 sec) Ventricular Reduced ejection 


systole phase (0.14 sec) 


Ventricular | (0.3 sec) ; 
cycle Protodiastole 


(0.8 sec) (0.04 sec) 
= Ventricular First rapid filling 
diastole Isometric phase (0.113 sec) 
(0.5 sec) relaxation 
phase (0.08 sec) |, Reduced filling 
phase (0.167 sec) 
Ventricular 
filling phase Last rapid filling 
(0.38 sec) phase (0.1 sec) 
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o Interrelationship between atrial cycle and ventricular cycle : 

Although the atrial cycle and ventricular cycle occur independently, they show the 
following interrelationship so that atria and ventricles may work in a co-ordinated way 
for proper functioning of the heart as a pump (Fig. 3.7). 


Punos eu WY 


Fig. 3.7 : Events of cardiac cycle and relationship between atrial cycle and ventricular cycle. 


[1] Atria and ventricles do not contract simultaneously i.e., atrial systole and 
ventricular systole never overlap ; the ventricular systole begins immediately after the 
atrial systole. 

[2] The diastole of atria and ventricles overlap partly ; atria and ventricles relax 
simultaneously for half of the cardiac cycle time (0.4 sec). 

[3] Atrial contraction occurs at the last part of ventricular diastole. Thus, the 
ventricular filling is not caused by the contraction of atria only. In fact, the AV valves 
are opened by a fall of pressure within the ventricles due to their relaxation and not by 
contraction of atria, So the ventricular filling is initiated and maintained by ventricular 
diastole ; the atrial systole simply helps to complete the ventricular filling. 


3.9. Heart Sounds 


Definition : The sounds produced due to contraction or relaxation of heart during 
each heart beat (or cardiac cycle) are called heart sounds. 

Four heart sounds are produced during the different phases of cardiac cycle. Among 
these the first and second sounds are prominent and can be heard with the help of a 
stethoscope, from which an idea about the functioning of heart is obtained clinically. 
The third and fourth sounds can be detected with the help of powerful microphones. 
The nature, cause and time of appearance of the heart sounds are given below. 
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[1] First heart sound : It appears at the onset of ventricular systole due to closure 
of AV valves (vibration of their leaflets or cusps). Thus, it occurs at the beginning of 
the isometric contraction phase of the ventricles. It is relatively prolonged and sounds 
like L-U-B-B, having an average duration of 0.15 sec. 

[2] Second heart sound: It is caused by the closure of SL valves and thus appears 
at the end of protodiastole (i.e., beginning of isometric relaxation) of the ventricles. It 
is relatively sharp and short-lived than the first sound. It sounds like DUP, having a 
duration of about 0.12 sec. 

[3] Third heart sound: It is caused by opening of the AV valves and thus appears 
at the end of isometric relaxation phase. This is inconspicuous and short, having a 
duration of about 0.04 sec. 

[4] Fourth heart sound : This very feeble sound is produced by the thrust of 
blood on the ventricular wall during the atrial contraction or the last rapid filling 
phase. 


3.10. Cardiac Output 


© Definition : The rate of ejection of blood from each ventricle is called cardiac 
output, This means the volume of blood ejected from each ventricle per unit time or in 
a definite period. Both the ventricles contract simultaneously and their outputs are also 
equal, Cardiac output is expressed in two ways —{1] stroke volume and [2] minute 
volume, 

[1] Stroke volume : Cardiac output per beat i.e., the volume of blood ejected from 
each ventricle during each ventricular systole is called stroke volume. In normal adults, 
its average value is 70 ml. 

[2] Minute volume : It is the cardiac output per minute ie., the volume of blood 
ejected from each ventricle in a minute. Thus, minute volume = stroke volume x heart 


minute volume 
288 


heart rate 


volume is 5 litres. It can be recalled that the average blood volume (or the total amount 
of blood present in body) of normal adults is also about 5 litres. This means that the 
whole blood present in our body circulates through each ventricle in a minute. 


rate, or stroke volume = In normal adults, the average value of minute 


@ Cardiac index : The minute volume per square meter (Sg. m.) of body surface area, 
ie., the portion of the minute volume which is supplied to unit sq. m. of body surface is 
termed cardiac index oreminute volume index. It is calculated by dividing the value 
of minute volume by the body surface area. Its normal value on an average is about 3.3 
litres. Stroke volume per sq. m. of body surface area is called stroke volume index ; its 
average normal value is 47 ml. 
@ Measurement of cardiac output : 

Methods of measuring cardiac output are of two types—[1] direct and [2] indirect. 

[1] Direct method : Such methods involve direct measurement of the volume of 
- blood coming out from the aorta or a ventricle. This requires operative and surgical 
procedures and sacrifice of the individual under investigation. Hence, such.a method is 
not applicable to man clinically ; but as these are simple, they are used in animals for 
research purpose. 
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[2] Indirect method : There are several*indirect methods for measuring cardiac 
output in man, of which the simplest one is based on Fick’s principle as described 
below. 

Fick’s principle : Fick showed that the minute volume can be calculated from the 
values of—(a) the volume of O, uptake or CO} output by the blood in the lungs per 
minute and (b) the percentage concentration of Oꝝ or CO, in arterial and venous 
blood. 

Calulation (considering the values of O3) : 

Let the volume of O, absorbed from lungs by blood in one minute be 250 ml and 
the percentage of O, content in arterial and venous blood be 20% and 15% respectively. 

Thus, the arteriovenous difference of O2% = 20 - 15 = 5 ml. That means 100 ml of 
impure blood can absorb 5 ml of O, while passing through the lungs. 

or, 5 ml of O is absorbed from lungs by 100 ml blood. 


„ Il : 85 ESATEN 100 65 
5 
250 ml O2 » 25 mats 100 x 250 


» „ „ 


5 
= 5000 ml = 5 litre of blood. 

So, 5 litres of blood is ejected from the right ventricle in one minute for absorbing 
250 ml of O, from the lungs. Therefore, minute volume of the right ventricle = 5 
litres. 

From the above calculation, minute volume can be given by the following equation- 


j Volume of O, absorbed from lungs / min 
Minute volume = Arteriovenous difference of O; content per 100 ml blood 


x 100 


Volume of O, absorbed from lungs / min 
= Arteriovenous difference of O, content / ml blood 


The stroke volume can be determined by dividing the minute volume by the heart 
(pulse) rate. Cardiac output can also be determined by applying Ficks principle, from 
the values of CO, output/minute and arteriovenous difference of CO,%, using the 
following formula 


Volume of CO, given out from lungs / min 
Arteriovenous difference of CO, % 


Minute volume = x 100 
Volume of CO, output from lungs / min 
-~ Arteriovenous difference of CO. content / ml blood 


Factors affecting cardiac output: 

Cardiac output is dependent on two primary factors namely the force of contraction 
of heart (ventricles) and the frequency of heart (or the heart rate). Naturally, those 
factors that affect the force or frequency of heart’s contraction also exert a corresponding 
effect on cardiac output. Effect of various factors on cardiac output are as follows :— 

[1] Force of contraction of heart : Cardiac output is directly proportional to the 
force of heart’s contraction. The more powerfully the heart contracts, the more is the 
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stroke volume and thus the minute volume. The force of contraction of cardiac muscle 
inturn depends on its nutrition, O> supply, initial length of the muscle fibres erc. Greater 
the initial length of cardiac muscle fibres, more is the force of contraction of heart ; this 
phenomenon is known as Starling’s law of heart. 

[2] Heart rate: Increase of heart rate increases the minute volume (ie,, minute 
volume & heart rate). However, this relationship is restricted within a limit because an 
excessive increase in the heart rate reduces ventricular diastole and its filling which 
inturn reduces the stroke volume and thus the minute volume. 

[3] Venous return : It is a determinant of stroke volume. The more is the venous 
return, the greater will be the stroke volume. An increased venous return raises the 
stroke volume in two ways, Firstly, it provides more blood to the ventricles for being 
pumped. Secondly, it increases ventricular filling which inturn increases the initial 
length of the ventricular muscles (due to their overstretching), and as a result, the force 
of contraction of ventricles and the stroke volume are also increased according to the 
Starling’s law. 

[4] Peripheral resistance : The resistance offered by the wall of a blood vessel to 
the blood flowing within it is known as peripheral resistance. Itis inversely proportional 
to the internal diameter of the vessel. An increase in peripheral resistance due to 
narrowing of arteries and their branches prevents ejection of blood from the ventricles 
and thus reduces the cardiac output. 

[5] Other factors : Cardiac output is also influenced by certain other physiological 
and pathological factors. 

(a) Muscular exercise, fever, excitement, pregnancy, hyperactivity of sympathetic 
nerves or endocrine glands like thyroid, adrenal medulla etc., stimulate cardiac output. 

(b) Sleep, erect posture, senility, activation of parasympathetic nerves etc., reduce 
cardiac output. 


3.11. Blood Pressure (BP) 


© Definition : Blood pressure is the lateral pressure exerted by the circulating blood 
on the wall of the blood vessels. f 

The term lateral pressure’ means the pressure exerted at right angles to the direction 
òf blood flow. The lateral pressure exerted on arteries, veins and capillaries are referred 
to as arterial pressure, venous pressure and capillary pressure respectively. As the 
blood ejected from the ventricles proceeds from the arterial to the venous side, its 
driving force diminishes gradually. The main arteries divide repeatedly and the sumtotal 
cross sectional area of the branches exceeds that of the main artery. So, greater is the 
distance of an arterial branch from the heart, lower is the blood pressure within it. The 
venous pressure is much lower than the arterial pressure and the large veins near the 
heart may even have a negative pressure (i e., lower than atmospheric pressure). Normal 
values of mean blood pressure in different vessels are as follows : in large arteries 100 
mm Hg; in capillaries 10 - 30 mm Hg ; in small veins 9 mm Hg (= 12 cm of water) and 
in large veins O- 8 mm Hg (= O- 10 cm of water). 

Clinically the term blood pressure refers to arterial pressure only, because it is 
the chief factor concerned with the important physiological functions like maintenance 
of blood flow, filtration at the capillary bed etc. Blood pressure (arterial pressure) is 
measured clinically from radial artery and brachial artery by an instrument called 
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sphygmomanometer. For obvious reasons the arterial pressure is increased and 
decreased during systole and diastole of the ventricles. In man, blood pressure is 
expressed by the following four terms : 

[1] Systolic pressure (SP) : The maximum arterial pressure during ventricular systole 
is called systolic pressure. 

[2] Diastolic pressure (DP) : The minimum arterial pressure during ventricular 
diastole is called diastolic pressure. 

[3] Pulse pressure (PP) : The difference between systolic pressure and diastolic 
pressure is the pulse pressure. Thus, PP = SP — DP. 

[4] Mean pressure (MP) : The average arterial pressure found during the cardiac 
cycle is called mean pressure. It is roughly the arithmetic mean of systolic and diastolic 


SP ct. DP. 
5 : 
Nowadays the mean pressure is also stated as the sum of diastolic pressure and one 


pressure. Thus MP = 


PP 
third of pulse pressure (i. e., MP = DP + 785 ), or the sum of diastolic pressure and half 


BE 
of the pulse pressure (i.e., MP = DP + 25 ). Clinically, blood pressure is expressed as 


SP/DP. 
@ Normal and abnormal blood pressure : 

In normal adult man, the systolic pressure is 120 +20 mm Hg and the diastolic 
pressure is 80 + 10 mm Hg. Thus, the normal mean pressure is about 


120 + 80 
2 


females, the values are slightly lower. When the blood pressure increases or decreases 
beyond a limit, it is said to be abnormal. An abnormally high blood pressure is clinically 
termed as hypertension. Conversely, an abnormally low blood pressure is termed as 
hypotension. Usually rise of systolic and diastolic pressure above 140 and 90 mm Hg 
respectively is considered as hypertension. On the other hand, fall of systolic and diastolic 
pressure below 100 and 50 mm Hg respectively is considred as hypotension. 

© Casual blood pressure: Blood pressure recorded at any time of the day is called 
casual blood pressure. It varies in the same individual at different times of the day due 
to the physiological factors e.g. excercise, sleep, food intake, excitement etc., (see 
below the physiological variations of blood pressure). 

o Basal blood pressure: Blood pressure recorded in basal state (i.e., when the subject 
is in complete physical and mental rest, in a comfortable environment and in post 
absorptive state) is called basal blood pressure. Its value is more or less constant in the 
same individual. 


= 100 mm Hg and the pulse pressure is about 120 -80 = 40 mm Hg. In 


© Physiological variations of blood pressure: 

Blood pressure shows variations due to several physiological factors : 

[1] Age: Blood pressure increases with age. Earlier it was believed that the normal 
systolic pressure of a man is roughly given by 90 + age in mm of Hg but it has been 
observed that this formula is not applicable in many instances. Normal systolic pressure 
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varies with age e.g., at birth itis 70-90 mm Hg ; in infants 90-110 mm Hg: at puberty 
110 -120 mm Hg and at old age. it becomes 140 — 150 mm Hg. With the advancement 
of age the level of cholesterol in blood increases. as a result of which cholesterol is 
deposited on the inner wall of blood vessels. This decreases the internal diameter and 
distensibility of blood vessels as a result of which the peripheral resistance and blood 
pressure is raised. This is why the problem of hypertension is more frequent in aged 
persons, i 

[2] Sex: In females, both the systolic pressure and diastolic pressure are slightly 
lower than that in males. This is probably due to the lower cardiac output, blood volume 
and metabolic need of the females. 

[3] Muscular exercise : It increases cardiac output and thereby the blood pressure. 

[4] Sleep : During sleep, the systolic pressure decreases by about 15 — 20 mm Hg. 

[5] Excitement and emotional states elevate blood pressure. 

[6] Feeding also raises blood pressure to some extent. 

[7] Obesity : In obese persons, usually the blood cholesterol level is higher which 


“leads to a tendency of hypertension. 


@ Factors controlling the arterial blood pressure + 

Blood pressure is influenced by the following factors that play important role in the 
regulation of blood pressure. 

[1] Cardiac output: The more is the cardiac output, the greater will be the lateral 
pressure exerted by blood on the blood vessels. Thus, blood pressure is directly 
proportional to the cardiac output. The cardiac output inturn depends mainly on and is 
proportional to the force of heart's contraction, heart rate and venous return, Thus, an 
increase in any of these factors would cause a rise of blood pressure. Cardiac output 
affects the systolic pressure mainly. Other factors like excitement, muscular exercise, 
feeding etc. increase cardiac output and thereby the systolic blood pressure also. 

[2] Blood volume : Blood pressure is directly proportional to the blood volume. 
The more is the blood volume, the greater will be the thrust of blood on the vascular 
wall. Increase of blood volume raises the venous return which inturn causes an increase 
in cardiac output and thus the blood pressure. Increased blood volume elevates both 
systolic as well as diastolic pressure. 

[3] Peripheral resistance : Blood pressure is directly proportional to the peripheral 
resistance. Increase of peripheral resistance leads to an increase in both systolic and 
diastolic pressure. The peripheral resistance inturn is dependent on internal diameter 
of blood vessels, distensibility of vascular wall and viscosity of blood. 

Diameter and distensibility of blood vessels are inversely related to the peripheral 
resistance. Diameter of blood vessels is controlled mainly by the contraction and 
relaxation of the smooth muscles present in the vascular wall. Contraction of these 
muscles results in vasoconstriction (or narrowing of vessels) which inturn increases 
the peripheral resistance and blood pressure. Conversely, when the vascular smooth 
muscles are relaxed, the diameter of blood vessels is increased (vasodilatation) which 
reduces peripheral resistance and blood pressure. Distensibility of arteries decrease 
with aging, possibly due to deposition of cholesterol on their inner walls. For this 
reason, in old age, arteries become stiff and their resistance is increased together with 
arise in blood pressure. Stiffening and thickening of arterial wall due to deposition of 
cholesterol and other materials is referred to as atherosclerosis or arteriosclerosis. 
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Peripheral resistance is directly proportional to the viscosity of blood. Increase in 
viscosity of blood due to an increase in the quantity of plasma proteins or the number 
of blood corpuscles etc., leads to a rise in the peripheral resistance and blood pressure, 
and vice versa. 

In our body, the blood pressure is nicely regulated (i.e., adjusted according to the 
need) by neural and hormonal mechanisms. Both these mechanisms adjust blood 
pressure by altering cardiac output and diameter of blood vessels. The neural regulation 
of blood pressure is mediated through autonomic reflexes. Excitation of sympathetic 
system produces a rise in blood pressure by increasing cardiac output and causing 
vasoconstriction. This mechanism is called upon when the speed of circulation or the 
blood pressure is to be increased e.g., during hypoxia (O, lack), muscular exercise etc. 
Activation of parasympathetic system decreases blood pressure by reducing the cardiac 
output. ` : 

Among the hormones, adrenalin (epinephrine) and noradrenalin (norepinephrine) 
of adrenal medulla are most important in regulating blood pressure. These hormones 
are secreted during the activation of sympathetic system and their actions are also 
similar, i.e., they increase the blood pressure by increasing the heart’s activity and 
vasoconstriction. So, these hormones simply extend the action of sympathetic system. 
In addition to this, vasopressin (or ADH) of posterior pituitary, thyroxine of thyroid 
and adrenal corticoids are also capable of increasing the blood pressure. 
© Clinical importance of blood pressure: ; 

Measurement of blood pressure is a very common preliminary clinical test to examine 
the functioning of heart and the circulatory system. Systolic pressure indicates the 

work done by the heart. It is altered by various physiological factors such as muscular 
exercise, excitement, food intake, sleep etc., that alter hearts activity. So, a small variation 
of the systolic pressure, say by 10 -20 mm Hg, is not considered to be alarming. 

Diastolic pressure on the other hand shows much less fluctuations in health and 
under above mentioned situations. Diastolic pressure is a measure of peripheral 
resistance against which the heart has to work. Increase in diastolic pressure indicates 
a rise in peripheral resistance or an increase in the work load of heart. Thus, diastolic 
pressure is of greater prognostic importance than the systolic pressure. Clinically, even 
a small rise in the diastolic pressure is considered to be dangerous, because it indicates 
that the heart is approaching towards failure. 
© Measurement of blood pressure: 

The methods of measuring arterial blood pressure are of two types—[1] direct and 
[2] indirect. 

[1] Direct method: This method involves surgical procedure under anesthesia ; so 
it is not applicable to man. It is generally used to measure BP of animals like cat, dog 
etc., for research purpose. In this, an artery (usually the carotid artery) is exposed and 
cannulated and the cannula is connected to a mercury manometer. Displacement of 
mercury column by the thrust of blood represents the mean arterial pressure. 

[2] Indirect method: In clinical practice, BP of man is measured indirectly by 
measuring the air pressure equalised with BP (hence the method is indirect). The 
instrument required for this is called sphygmomanometer (sphygmos = pulse, 
manometer = instrument for measuring pressure) which was first devised by Riva- 
Rocci in 1896. It consists of a cuff (rubber bag covered by cloth) connected to a mercury 
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manometer (or spring gauge) and a hand pump by two rubber tubes. With the help of 
hand pump, air can be introduced into the cuff to inflate it (i.e., to increase air pressure 
in it), The cuff can be deflated by relasing air from it through a screw valve attached to 
the hand pump. Change of air pressure in the cuff can be noted from the manometer or 
spring gauge. There are three methads for measurement of BP in man by 
sphygmomanometer—[A] palpatory method, [B] auscultatory method and 
[c] oscillatory method. Among these, the first.one gives a rough estimate of systolic 
pressure only, while by the remaining two methods, both systolic pressure and diastolic 
pressure can be measured. In clinical practice, generally the first two methods are used. 

[A] Palpatory method :This method is so named because it involves feeling of 
radial pulse by palpation (i.e., with the help of fingers). The cuff is wrapped round the 
upper arm (preferably the left arm) of the subject. The arm and heart of the subject and 
the manometer should be at the same level. The radial pulse of the same arm is felt and 
simultaneously the pressure in the cuff is gradually raised by inflating it with the help 
of the hand pump. At one point, the pulse disappars dae to complete obstruction of the 
brachial artery. The cuff pressure is raised a little more. Then the pressure is gradually 
released. The manometer reading at the moment when radial pulse reappears gives the 
systolic pressure. The cuff is then completely deflated. The diastolic pressure cannot 
be measured by this method. It simply gives an idèa about the extent to which the cuff 
pressure is to be raised in auscultatory and oscillatory methods. 


Manometer 


* 
toa 


Fig. 3.8 : Measurement of arterial blood pressure in man. 
[A] Sphygmonanometer ; [B] Auscultatory method for measurement of B.P. 


[B] Auscultatory method : It is based on auscultation (ie,, listening of sounds 
produced in the body) with the help of a stethoscope ; hence, the method is so named. 
It follows the palpatory method keeping the cuff and manometer in the same position. 
In this, the cuff pressure is again raised a little above the systolic pressure obtained by 
palpatory method. The diaphragm of the stethoscope bell is plaed over the brachial 
artery distal to the cuff and the cuff pressure is gradually released. 

At first no sound is heard through stethoscope. As the cuff pressure falls, suddenly 
atap sound is heard ata point, then a series of sounds (called Korotkoy sounds) continue 
for some time and finally the sound disappears. Manometer readings at time of 
appearance and disappearance of sound represent the systolic and diastolic pressure 


respectively. 
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[c] Oscillatory method : It is more or less same as auscultatory method but in this, 
instead of hearing sounds from brachial artery, the oscillation of the mercury column 
of manometer or the spring gauge indicator is observed while releasing the cuff pressure, 
At first, the mercury column falls smoothly, then it begins to oscillate up and down 
while falling and finally the oscillations disappear. The appearance and disappearance 
of oscillations indicate systolic pressure and diastolic pressure respectively. This method 
may help to confirm the results of auscultatory method. 


3.12. Circulation Time 


The time taken by a particle of blood to flow from one point of the circulatory 
system to another is called circulation time. 

Circulation time indicatés the average linear velocity of blood flow. Greater the 
velocity of blood flow, less is the circulation time ie., velocity of blood flow and 
circulation time are inversely proportional. The time taken by a particle of blood to 
circulate only once throughout the whole body is called total circulation time ; its 
average normal value is 25 sec. Some normal values of circulation times are as follows: 

Arm to lung 4 — 8 sec (average 6 sec) ; arm to tongue 8 — 16 sec (average 13 sec) ; 
arm to heart 6.6 sec on an average and arm to carotid body 12 — 15 sec. 

Factors increasing velocity of blood flow e.g., rise of cardiac output, peripheral 
resistance and blood pressure, muscular exercise, excitement, anemia, high BMR, fever, 
adrenalin secretion, hyperthyroidism ee, reduce the circulation time. Conversely, in 
heart failure, hypothyroidism (myxoedema), polycythemia etc., the velocity of blood 
flow is reduced and hence circulation time is increased. 


3.13. Causes Of Common Cardiovascular Diseases—Dietary factors, 
Smoking, Stress, Diabetes And Alcoholism 


Disorders caused by defects in structure and functioning of heart and blood vessels 
are referred to as cardiovascular (or circulatory) diseases. They include a large variety 
of diseases like atherosclerosis and related disorders ( e.g., hypertension and ischemic 
heart disease), conduction disorders, valvular diseases, congenital heart diseases, 
cardiomyopathy etc. Among these, atherosclerosis, hypertension and ischemic heart 
disease are most common. Such diseases are prevalent in affluent societies (de., in 
developed countries) and are responsible for 25-30 percent of deaths. 

Atherosclerosis is a vascular disease in which the arterial wall is thickened by 
formation of fibrolipid plaque in the tunica intima leading to narrowing of arterial 
lumen. The plaque consists of lipid materials (cholesterol etc.) deposited in the intima 
and is separated from the lumen by a thick collagen-rich fibrous tissue. As the plaque 
grows, it enchroaches into the lumen and may eventually rupture so that the blood 
comes in direct contact of the lipid of the plaque which is highly thrombogenic. As a 
result of this, there is platelet aggregation, thrombosis (formation of blood clot within 
the vessel) and vasospasm (constriction of the vessel). Atherosclerosis is most 
commonly seen in coronary and cerebral vessels, and may also affect peripheral vessels. 


It leads to decrease in blood flow (ischemia) followed by necrosis or death of tissues in 
the affected region. 
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Hypertension or high blood pressure is usually caused by inereasd cardiac output 
(due to cardiac activation or increase in blood volume) and peripheral resistance (due 
to narrowing of blood vessels by atherosclerosis or vasospasm), Uncontrolled 
hypertension is dangerous because it may adversely affect the central nerous system 
(cerebral stroke leading to paralysis and even death), the heart (hypertrophy and 
dilatation of heart and heart failure), the kidney (proteinuria and renal failure) and the 
retina (retinal damage and blindness). 

Ischemic heart disease (IHD) is defined as cardiac disability arising from inadequate 
supply of oxygenated blood to myocardium through the coronary arteries, It is caused 
by narrowing or obstruction of the coronary arterial system (ie. coronary 


“ atherosclerosis) ; hence, it is also called coronary heart disease or coronary artery. 


disease.The consequences of IHD are angina pectoris (chest pain), heart attack or 
myocardial infarction (necrosis and damage of cardiac muscle in the affected area). 
cardiac arrhythmia (irregularity of heart beats), heart failure (inability of the heart to 
maintain blood flow through tissues) and sudden death (when ischemia is severe), 

Various factors which cause or aggravate atherosclerosis and related cardiovascular 
(CV) diseases like hypertension and IHD are considered as ‘risk factors’ for such 
diseases because they increase the probability of occurence of these diseases. Some 
tisk factors are obvious and beyond control e.g., aging, male sex, family history (genetic 
factors) erc. But some others like dietary factors, smoking, stress, diabetes and alcoholism 
are more important because they can be controlled to reduce the risk of such diseases ; 
these factors are discussed below. ` 

[1] Dietary factors : Since.atherosclerosis is caused by deposition of cholesterol 
and lipids in the arterial wall, high level of cholesterol and lipids in plasma favours 
development of atherosclerosis and IHD, Lipoproteins present in plasma also play an 
important role in development of the disease. Low density lipoprotein (LDL) facilitates 
it while high density lipoprotein (HDL) prevents it, Lipid-rich diet containing larger 
quantities of saturated fats (meal, egg, milk) is it harmful because it raises the level of 
cholesterol and LDL in plasma. Conversely, a diet low in saturated fats and high in 
polyunsaturated fats (fish, fish-oils) lowers the plasma cholesterol level and thereby 
the risk of IHD, Low intake of vitamin C, vitamin E and antioxidants also enhance the 
risk of IHD. In order to prevent IHD lipid intake should be restricted and it should not 
exceed 20-30% of the total calorie requirement. Intake of saturated fats should be 
limited to less than 10% of the total calorie intake ; they can be replaced by unsaturated 
fats. Besides lipid-rich diet, consumption of excess calories in the form of sugar, alcohol 
etc., is also harmful because it increases lipid formation in the body, Complex 
carbohydrates e.g., vegetables, fruits, legumes and whole grains may be increased in 
diet. A high salt diet may cause hypertension due to retention of water in the body and 
rise 6f blood volume. N 

[2] Smoking: Smokers are more likely to develop IHD than non-smokers, The risk 
of death from IHD is reduced after giving up smoking, Smbdking is not an essential 
cause of atherosclerotic IHD, but it aggravates the disease in three ways—{A] The 
carbon monoxide (CO) gas present in the smoke combines with hemoglobin to form 
carboxyhemoglobin and interferes with oxygenation of blood. This produces hypoxia 
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in the arterial wall favouring atherosclerosis. [B] Nicotine stimulates the adrenergic 
system to increase blood pressure and myocardial oxygen demand. [C] Nicotine also 
changes lipid metabolism to reduce the blood level of protective HDL. The degree of 
tisk of developing THD is directly related to the number of cigarettes smoked per day. 
Filter cigarttes are probably not protective but pipe or cigar smoking or chewing of 
tobacco seems to be less harmful in developing IHD. 

[3] Stress : There is very little evidence to support the popular view that mental 
stress causes IHD ; however, there is no doubt that continued stress can aggravate the 
disease. Chronic stress may lead to hypertension by activating the sympatho-adrenal 
system, which inturn aggravates IHD. A person with emtional stress characterised by 
aggressiveness, competitiveness, ambitiousness and a sense of time urgency is more 
likely to develop IHD than those who lead a happy, relaxed life. 

[4] Diabetes mellitus: The risk of atherosclerosis and IHD is 2-3 times higher in 
diabetics than in non-diabetics. The clinical manifestations of atherosclerosis develop 
at an early age in people with diabetes mellitus. Due to this, the diabetic persons show 
a tendency to develop cerebrovascular disease (cerebral ischemia and infarction i.e., 
cerebral stroke) and gangrene of foot (death of tissue of leg due to less blood supply 
followed by bacterial invasion and putrefaction). The major causes of increased severity 
of atherosclerosis in diabetes mellitus are— increased platelet aggregation, increased . 
LDL and decreased HDL. 

[5] Alcoholism : Daily moderate alcohol consumption seems to have slightly 
beneficial effect in protection from coronary diseases by raising the level of HDL. But 
heavy drinking is associated with hypertension and related cardio-vascular diseases. 
However, alcohol is not a direct pressor agent and hypertension develops during alcohol 
withdrawal, through activation of sympathetic nervous system. 


3.14. Cyanosis : Blue Baby 


© Definition of cyanosis : Cyanosis is defined as bluish discolouration of skin and 
mucous membranes due to presence of excessive amount of reduced (deoxygenated) 
hemoglobin in blood.- : i 


© Types of cyanosis.: Cyanosis is basically of two types—Peripheral and central. 

[1] Peripheral cyanosis—It is the type of cyanosis in which oxygen saturation in 
arterial blood is normal but that in venous blood is lower than normal. That means the 
venous blood is more deoxygehated due to increased oxygen extraction by the tissues 
at the capillary level. In this type, the bluish discolouration is seen in nose-tip, ear- 
lobule, cheek, palm, sole, nail bed of fingers and toes etc. It is caused by slowing of 
blood circulation through the capillaries allowing more time for greater O, extraction 
by the tissues. It occurs in cases of exposure to extreme cold air or water, left ventricular 
failure etc. It may also occur locally in venous obstruction or local chilling. 

[2] Central cyanosis—It is more severe and generalised type of cyanosis in which 
the O% saturation in arterial blood is below normal due to some cardio-respiratory 
disorder. In this type, the bluish discolouration is seen in the margins of tongue, inner 
part of lip and lower part of conjunctiva in addition to the parts mentioned in peripheral 

- cyanosis. Based on the cause, central cyanosis may again be of two sub-types :— 
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[A] Pulmonary cyanosis—It is a central cyanosis caused by poor oxygenation of 
blood in the lungs. It occurs in cases of—less O; in air (e. g., in high altitude), disease 
or collapse of lungs, obstruction in tracheo-bronchial passage, CO poisoning, right 
ventricular failure etc. 

[B] Shunt cyanosis—It is the central cyanosis caused by admixture of oxygenated 

blood and deoxygenated blood in heart or great vessels. It occurs in certain congenital 
heart diseases in which there is a direct communication between—(i) right and left 
sides of the heart (e. g., patent interatrial septum i e., unclosed foramen ovale and patent 
interventricular septum) or (ii) aorta and pulmonary aorta (i. e., persistent ductus 
arteriosus). 
o Blue baby: An infant born with cyanosis is called blue baby. Such babies develop 
cyanosis due to congenital heart diseases (mentioned under shunt cyanosis) or 
congenital atelectasis (a lung disease in which there is incomplete expansion or collapse 
of pulmonary alveoli). 


ee ee ee ee REVISIONS eB eee eee 


Heart beat — A systole and its subsequent diastole of heart. 

Heart rate (or Pulse rate) — Number of heart beats (or pulse counts) per minute. 

Cardiac cycle—Cyclic repetition of the mechanical events in each heart beat. 

Pulmonary circulation — Circulation of blood between the heart and the lungs. 

Systemic circulation — Circulation of blood between the heart and all other 

tissues except the lungs. 
Heart sounds — Sounds produced by contraction and relaxation of heart during 
each heart beat (or cardiac cycle). 

Cardiac output — Rate of ejection of blood from each ventricle. 

Stroke volume — Cardiac output per beat of heart. 

Minute volume —Cardiac output per minute, 

Cardiac index — Minute volume per square metre of body surface area. 

Blood Pressure —Lateral pressure exterted by the circulating blood on the wall 
of the blood vessels. 

Systolic pressure — Maximum blood pressure during ventricular systole. 

Diastolic pressure — Minimum blood pressure during ventricular diastole. 

Mean pressure — Arithmetic mean of systolic pressure and diastolic pressure. 

Pulse pressure —Difference between systolic pressure and diastolic pressure. 

Pressure pulse — The pressure wave propagated through the arteries due to 
contaction of ventricles. 

Circulation time — Time taken by a particle of blood to flow from one point in 
the circulation to the other. 

Hypertension —Abnormally high blood pressure. 

Atherosclerosis —Thickening of arterial wall by of fibrolipid deposition in tunica 
intima. 

IHD (or CHD) — Ischemic heart disease or coronary heart disease i.e., cardiac 

disability due to inadequate supply of oxygenated blood to myocardium. 

Cyanosis — Bluish discolouration of skin and mucous membranes. 

Blue baby — An infant born with cyanosis. 
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3.15. A Few Comparisons 


3.15.1. DIFFERENCE BETWEEN ATRIOVENTRICULAR VALVES AND 
SEMILUNAR VALVES 


[3] 


[1] They 


[2] They are of two distinct types called 


[4] They are opened by ventricular 


Atrioventricular valves Semilunar valves 


[1] They are present at the origin of 


are present at ‘the 


atrioventricular aperture. 


bicuspid valve and tricuspid valve 
that are present at the left and right 
sides of the heart respectively. 
They allow passage of blood from 
atrium to ventricle only and prevent 
back flow of blood from ventricle to 
atrium. 


relaxation and closed by ventricular 
contraction. 


[2] They are of the same type in both 


[3] They allow passage of blood from 


[4] They are opened by ventricular 


pulmonary and systemic aorta. 


sides of the heart. 


ventricle to pulmonary or systemic 
aorta only and prevent back flow of 
blood into the ventricles. 


contraction and closed by ventricular 
relaxation. 


3.15.2. DIFFERENCE BETWEEN SA NODE AND AV NODE 


1) 


121 


It is located at the junction of 
superior vena cava and right atrium. 


It is the normal pacemaker of heart 
and it determines the heart rate in 
intact heart. 


[1] It is located in the right atrium at the 


posterior part of interatrial septum 
above the opening of coronary sinus. 


2] It is the reserve pacemaker of heart 


and determines the heart rate when 
SA node does not function. 


3.15.3. DIFFERENCE BETWEEN PULMONARY CIRCULATION AND 
SYSTEMIC CIRCULATION 


greater circulation. 


| Systemic circulation Pulmonary circulation 


[1] It is along circuit circulation because II It is a short circuit circulation 


in this, the blood circulates 
throughout the body ; it is also called 


The systemic arteries carry } [2] 
oxygenated blood and systemic veins 
carry deoxygenated blood. 


Systemic vessels are less distensible 
and hence of high resistance type. So, 
blood flows through them with 
considrably high pressure. 

Filtration of fluid occurs at the 
systemic capillary bed because of 
high blood pressure. 


[4 


because in this, the blood circulates 
through a short distance only ; it is 
also called lesser circulation. 

The pulmonary arteries carry deoxy- 
genated blood and the pulmonary 
veins carry oxygenated blood. 
Pulmonary vessels are highly 
distensible and hence of low 
resistance type. So blood flows 
through them with low pressure. 
Filtration of fluid does not occur at 
the pulmonary capillary bed because 
of low blood pressure. 
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3.15.4. COMPARISON OF ARTERY, VEIN AND CAPILLARY 


Capillary 


[1] Thin walled consisting]{1] Very thin walled 
of 3 layers as in the artery ;| consisting of a single 
TM is very thin. layer (endothelium) ; TM 
and TA are absent. 


Structure : 
[1] Thick walled consisting 
of 3 layers from outside in- 
wards—tunica adventitia 
(TA), tunica media (TM) 
and tunica intima (TI) ; the 
TM is very thick. 

[2] Round, narrower lumen 
with corrugated border due 
to presence of prominent 
internal elastic lamina in the 
Ek 

[3] Valve absent. 

Function : 

[1] Transports blood away 
from the heart. 

[2] Contains oxygenated 
blood (except in pulmonary 
artery). 


[2] Wavy, large lumen with 
much less corrugated boder 
as the internal elastic lamina 
is less developed or absent. 


[2] Round but very 
narrow lumen. 


[3] Valves present. [3] Valve absent. 


[1] Transports blood from 
artery to vein. 

[2] Contains mixed 
oxygenated and 
deoxygenated blood due 
to exchang of gases 
between blood and tissues. 
[3] Pressure of blood is 
lower than artery but 
higher than vein ; no pulse 
is detectable. 

[4] Blood flows slowly. 


[1] Transports blood 
towards the heart. 

[2] Contains deoxygenated 
blood (except in pulmonary 
vein): 


[3] Pressure of blood is 
lowest and no pulse is 
detectable. 


[3] Pressure of blood is high 
and has a pulse. 


[4] Blood flows rapidly. [4] Blood flows slowly. 


3.16. Matters to Recollect 


Human blood circulation is of closed type. 

The membranous covering of heart is called pericardium. 

r The ventricular wall is thicker than atrial wall. 

t= Among the 4 chambers of heart the wall of left ventricle is thickest. 

The thickest middle coat of ventricular wall is called myocardium, 

rr The left and right AV valves are called bicuspid (or mitral) valve and tricuspid 
valve respectively. 

t The left and right semilunar valves of heart are called aortic valve and 
pulmonary valve respectively. 

ts Pulmonary arteries carry deoxygenated blood and pulmonary veins carry 
oxygenated blood. 

t Pulmonary circulation is called lesser (or short circuit) circulation and 
systemic circulation is called greater (or long circuit) circulation. 

tS The arterial wall is thick due to its thick tunica media. 

r The arterial wall contains much more elastic fibres and muscle fibres than 


the venous wall. 
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8 Veins possess valves but arteries do not possess valve. 

The minute blood vessels present in the arterial wall are called vasa vasorum. 

t= Cardiac impulse normally originates from the SA node. 

Pulse rate equals to heart rate. 

Cardiac cycle time is inversely proportional to heart rate. 

1¥ 1st and 2nd heart sounds are caused by closure of AV valves and SL valves 
respectively. 

tx AV valves open due to relaxation of ventricles (not by atrial contraction). 

The rate of ejection of blood per ventricle is called cardiac output. 

The lateral pressure exerted by blood on the wall of blood vessels is called 
blood pressure. 

1 Sphygmomanometer is an instrument for measuring arterial blood pressure 
of man. 

1® Stethoscope is an instrument for hearing sounds produced in the body. 


3.17. Summary 


Blood circulatory system is composed of heart and blood vessels. Heart is a 
muscular organ which acts as a pump. It consists of four chambers, 2 atria (right 
and left) and 2 ventricles (right and left). The atrium and ventricle of each side 
communicate through an atrioventricular (AV) aperture which remains guarded 
by a valve (AV valve). The left and right AV valves are also called bicuspid (or 
mitral) valve and tricuspid valve respectively. 

Atria are receiving chambers while ventricles are pumping chambers. The left 
atrium receives 2 pairs of pulmonary veins that bring pure blood from lungs to 
heart. The right atrium receives impure blood through superior and inferior vena 
cava. The left ventricle ejects the pure blood into the aorta while the right ventricle 
ejects the impure blood to the lungs via pulmonary aorta. Aorta and pulmonary 
aorta are guarded by semilunar valves. Thus the left and right sides of heart carry 
pure and impure blood respectively. 

The heart works as a pump by contracting and relaxing alternately and 
rhythmically. Cardiac muscle fibres modified for origin and propagation of cardiac 
impulse are collectively called junctional tissues. They include SA node, internodal 
fibres, AV node, bundle of His with its branches and Purkinje fibres: Normally, the 
impulses generated in the SA node spread over the entire heart and maintain the 
thythmicity of heart. So SA node is called pacemaker of heart. A contraction (or 
systole) and the subsequent relaxation (diastole) of heart are collectively called 
heart beat. The number of heart beats occurring per minute is called heart rate, 
the normal value of which is 72 / minute on an average. The mechanical changes 
occurring in each heart beat constitute a cardiac cycle, the average duration of 
which is 0.8 sec. Thus, the atria as well as ventricles contract and relax once in 0.8 
sec. The duration of atrial systole and diastole are 0.1 sec and 0.7 sec respectively, 
while the duration of systole and diastole of ventricles are 0.3 sec and 0.5 sec 
respectively. The sounds produced by contraction and relaxation of heart are called 
heart sounds. There are four heart sounds. The properties of heart (cardiac muscle) 
includes automatic rhythmicity, conductivity, all or none law, long refractory period, 
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staircase phenomenon and tonicity. The rate of ejection of blood from each ventricle 
is termed cardiac output. Cardiac output per minute and per beat are called minute 
volume and stroke volume respectively. Cardiac output depends on force and 
frequency of heart’s contraction, venous return and peripheral resistance. 

The lateral pressure exerted by the blood on the wall of the blood vessels is 
called blood pressure. It is highest in the arteries and the arterial pressure is of 
greatest clinical importance because it is responsible for maintaining the flow and 
thus the functioning of blood. The highest pressure during ventricular systole is 
called systolic pressure while the minimum pressure during diastole of ventricles is 
called diastolic pressure. Normal values of these are 120 and 80 mm Hg respectively. 
The difference between these two is called pulse pressure and their arithmetic 
mean is termed mean pressure. Blood pressure is measured by an instrument called 
sphygmomanometer. Arterial blood pressure depends upon cardiac output, 
peripheral resistance and blood volume. The linear velocity of blood flow is indicated 
by circulation time. 


3.18. Naming/Discovery/Discoverer 


[1] Fick described an indirect method for determination of cardiac output. 

[2] Goldman (1970) discovered the internodal fibres between SA node and AV 
node. 

[3] William Harvey (1616) discovered circulation of blood in man. 

[4] His (1893) first identified the Bundle of His. 

[5] Kent (1892) first identified AV node. 

[6] Keith and Flack (1907) identified the SA node. 

[7] Marcello Malpighi (1661) discovered blood capillary. 

[8] Purkinje (1845) described the Purkinje fibres. 

[9] Riva-Rocci (1896) devised sphygmomanometer. 

[10] E.H. Starling proposed the Starling’s law of heart. 


3.19. Some Diseases/Disorders Of Cardiovascular System 


[1] Angina pectoris—A distress due to deficiency of blood supply to heart muscle 
(myocardial ischemia) characterized by pain in the chest often radiating to the left arm. 
neck, jaw, and also right arm. 

[2] Angiocarditis —Inflammation of heart and blood vessels. 

[3] Arteriosclerosis—Thickening and loss of elasticity of arterial walls often due 

to deposition of cholesterol together with calcium salts. 

[4] Atherosclerosis— Degeneration and hardening of the walls of arteries and 
sometimes valves of the heart. 

[5] Bradycardia—Abnormally low heart rate. 

[6] Cardiac arrest—Sudden cessation of beating of heart. 

[7] Cardiac arrhythmia—Abnormality of heart beat rhythm. 

[8] Cardiac insufficiency—Inability of the heart to perform its function properly. 


It may be of 2 types : 
(i) Coronary insufficiency—Decrease in blood flow through coronary blood 


vessels. 
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(ii) Valvular insufficiency—Failure of a cardiac valve to close perfectly so that 
there is back flow or regurgitation of blood. 

[9] Coarctation of aorta or pulmonary artery—Localised narrowing of aorta or 
pulmonary artery due to contraction or compression. 

[10] Congenital heart disease—Abnormality of the heart present from birth. 

[11] Cor pulmonale (or Pulmonary heart disease)—Disease of right side of the 
heart resulting from disorers of the lungs, characterized by right ventricular hypertrophy 
or dilatation or both, 

[12] Coronary occlusion—Obstruction to flow of blood in the coronary vascular 
bed. 

[13] Coronary thrombosis—Formation of thrombus within a coronary vessel 
leading to occlusion. 

[14] Dextrocardia—A condition when the apex of the heart is directed to the right 
side of the chest. g 

[15] Endocarditis Inflammation of the valvular and mural endocardium. 

[16] Heart block—Interference with normal conduction of cardiac impulse so that 
the atria and ventricles beat independently of each other. It may be of different types 
depending on the place of block : 

(i) Atrioventricular heart block Failure of conduction of cardiac impulse at the 
AV node. 

(ii) Bundle branch heart block (or Interventricular block) —Heart block in which 
the two ventricles contract independently of each other. 

(iii) Arborization block—Failure of conduction in the Purkinje fibres. 

[17] Heart failure (or Cardiac failure)—Inability of the heart to perform its proper 
function of expelling blood from the ventricles. When associated with congestion of 
peripheral circulation and lungs, it is called congestive heart failure. 

[18] Hematoma—A tumor like mass produced by coagulation of extravasated blood 
in a tissue or cavity. 

[19] Hypertension—An abnormally high blood pressure. 

[20] Hypotension—An abnormally low blood pressure. 

[21] Ischemic heart disease (or Coronary artery disease)—Cardiac disability 
arising from deficiency of supply of oxygenated blood to myocardium, often caused by 
narrowing or obstruction of the coronary arterial system. 

[22] Myocarditis—Inflammation of myocardium (or heart muscle). 

[23] Myocardial infarction (or Heart attack)—A localized necrosis in the heart 
muscle due to interruption of blood supply to the area. It is a consequence of coronary 
artery disease. 

[24] Pericarditis—Inflammation of pericardium. 

[25] Rheumatic fever—An inflammatory disease principally affecting heart, joints, 
CNS, skin and subcutaneous tissue. 

[26] Rheumatic heart disease—Manifestation of chronic rheumatic fever consisting 
of inflammation of all the layers of heart and the valvular deformities. 

[27] Stenosis—Failure of a valve to open completely leading to narrowing of a 
passage and obstruction to forward flow of blood. It may be of 4 types : 

(i) Aortic stenosis —Obstruction to outflow of blood from left ventricle to aorta 
due to improper opening of the aortic semilunar valve. 
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i) Mitral stenosis —Narrowing of the left atrioventricular orifice due to defects 
in mitral valve. 

(iii) Pulmonie stenosis—Obstruction of outflow of blood from right ventricle to 
pulmonary trunk. 

(iv) Tricuspid stenosis—Narrowing of the right atrioventricular aperture. 

[28] Tachycardia—Abnormal increase in the heart rate. 

[29] Varicose vein A permanently dilated, elongated and tortuous vein observed 
especially in the leg. 


3.20. Answer to special Questions 


[1] What do you mean by cardiac output ? [J.E.E. 1983, 85] 
Ans. The rate of ejection of blood from each ventricle is called cardiac output. This 
means the volume of blood ejected from each ventricle in a given time. It is 
expressed as stroke volume (cardiac output beat) and minute volume (cardiac 
output / minute), the normal values of which in adult humans are 70 ml and 5 
litres respectively. 


[2] (a) What is the normal heart rate ? (b) How the rate is counted ? (e) From 
normal resting condition following exercise does the rate change ? If so 
state the reasons for such change. [J.E.E. 1986] 

Ans. (a) The normal heart rate of an adult person in resting condition is 72 per minute 
on an average. 
(b) The heart rate can be counted by feeling the pulse in the radial artery or 
carotid artery or by noting the heart sounds with the help of a stethoscope and 
using a stop watch. 
(c) The heart rate is increased following exercise. This is due to stimulation of 
sympatho-adrenal system which by liberating adrenaline raises the heart rate. 
The increase in heart rate helps to meet the increased metabolic demand of the 
exercising muscles by increasing the blood supply to them. 

[3] (a) Heart produces four sounds during cardiae cycle. Mention the phase 
and cause of each sound serially. (b) What is pulse pressure and what is it 
in an adult person ? [J. E. E. 1987] 

Ans. (a) First heart sound: phase At the beginning of ventricular systole i.e., at the 
onset of isometric contraction phase.Cause—Closure of atrioventricular valves 
due to increased intraventricular pressure. 

Second heart sound ; Phase—At the onset of ventricular diastole i.e., at the 
beginning of isometric relaxation phase. Cause—Closure of semilunar valves 
due to fall of intraventricular pressure. 

Third heart sound: Phase—At the end of isometric relaxation phase of 
ventricles. Cause—Opening of atrioventricular valves due to a further fall of 
intraventricular pressure). 

Fourth heart sound: Phase—During the atrial systole which coincides with 
the last rapid filling phase of ventricles. Cause—Thrust of blood on the 
ventricular wall due to atrial discharge. 

(b) Pulse pressure (PP) is the difference between systolic pressure (SP) and 
diastolic pressure (DP) ; ie., PP = SP - DP. 
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The values of SP and DP are 120 mm Hg and 80 mm Hg in normal adult 
person. Thus, the normal value of pulse pressure in normal adults is 120 — 80 = 
40 mm Hg. i 
(a) Define cardiac output and cardiac index. (b) What is Fick’s principle ? 
[J.E.E. 1988] 
(a) Cardiac output is the rate of ejection of blood from each ventricle. Cardiac 
index is the minute volume (i. e., cardiac output / minute) per square meter of 
body surface area. 
(b) Fick’s principle—According to this principle, minute volume can be 
determined indirectly from the values of—(1) volume of O, absorbed or CO, 
given off by the blood in the lungs in one minute and (2) the percentage 
concentration of O, or CO; in arterial and venous blood, using the following 
formulae :— 
[i] Fomula using Oz: 


Volume of O, absorbed from lungs / minute x 100 


Minute volume (ml) = Arteriovenous difference of O, content / 100 ml blood 


Volume of O, absorbed from lungs / minute 
= Arteriovenous difference of O, content / ml blood 


[ii] Formula using CO, : 


Volume of CO, given off through lungs / minute x 100 


Minute volume (ml) = Arteriovenous difference of CO, content / 100 ml blood 


Volume of CO, given off through lungs / minute 
= Arteriovenous difference of CO, content ml blood 


[5] (a) Name the different valves present in human heart with their locations. 


Ans, 


(b) What is sinoatrial node ? [J.E.E. 1989] 


(a) 
Name of the valve Location 
[i] Bicuspid (or Mitral) valve s 
or 
Left atrioventricular valve 


At the junction of left atrium and 
left ventricle. 


Gi] Tricuspid valve 
or } At the junction of right atrium and right 
Right atrioventricular valve ventricle. 
[iii] Left semilunar valve 
or At the origin of aorta from left ventricle 
Aortic valve 
[liv] Right semilunar valve 
or } At the origin of pulmonary aorta from 
Pulmonary valve right ventricle. 


[6] 
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(b) The sino-atrial node (or SA node) is a specialized junctional tissue of 
mammalian heart situated at the junction of superior vena cava and right atrium. 
It works as the normal pacemaker of heart and is responsible for the origin and 
spread of cardiac impulse automatically and rhythmically. 

(a) What is blood pressure ? (b) Explain the difference between systolic, 
diastolic and pulse pressure. JE. E. 1989] 


Ans. (a) Blood pressure is the lateral pressure exerted by the circulating blood on the 


(7) 


Ans. 


[8] 
Ans. 


[9] 


wall of the blood vessels. The term lateral pressure means the pressure exerted 
at right angles to the direction of blood flow. 

(b) Systolic pressure is the maximum arterial pressure during ventricular systole. 
Diastolic pressure is the minimum arterial pressure during diastole. 

Pulse pressure is the difference between systolic pressure and diastolic pressure. 
Thus, pulse pressure = systolic pressure — diastolic pressure. 

Define stroke volume and minute volume. [J.E.E. 1990] 
Stroke volume is the amount of blood ejected by each ventricle (i.e., either of 
the two ventricles) during a single systole. Its normal value in adult humans is 
70 ml. 

Minute volume is the amount of blood ejected from each ventricle in one minute. 
It is the product of stroke volume and heart rate and its normal value in adult 
humans is 5 — 6 litres. 

Who first discovered, ‘circulation of blood in human body’ ? [J.E.E. 1991] 
William Harvey. 

(a) What are the histological differences between an artery and a vein nd 
(b) What is portal system ? (c) Name the nutrients carried by the hepatic 
portal system. (d) What is hypophyseal portal system 7 IJ. E. E. 1992] 


Ans. (a) [i] The endothelial cells of the tunica intima layer of veins are less elongated 


(b) 


(e) 
(d) 


[10] 


than those of arteries. 

[ii] The tunica media layer of a vein is thinner and contains much less muscle 

fibres than that in an artery. 

[iii] The outline of the lumen of an artery is round and corrugated due to the 

presence of elastic tissue while a vein contains much less elastic tissue, having 

a wavy lumen. 

A vein beginning from capillaries and ending in capillaries is called portal vein 

(or portal system). Thus, such blood vessels have capillaries at both the ends 

and they carry venous blood from one organ to another organ instead of opening 

directly, into the heart. 

The hepatic portal vein carries nutrients like glucose, amino acids, vitamins, 

minerals etc. 

The blood vessel originating from the capillary plexus formed by branching of 
superior hypophyseal artery in median eminence and infundibular stem and 
ending in capillaries in the anterior lobe of pituitary gland is called hypophyseal 
portal system (or hypothalamo hypophyseal portal vessel). It drains blood from 
hypothalamus to anterior pituitary. 

(a) Define (i) blood pressure, (ii) mean blood pressure and (iii) casual blood 
pressure. (b) What will happen to B.P. when (i) arterioles are constrited, 
(ii) elasticity of blood vessels (arterial wall) isdereased? [J EE. 1992) 
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(a) (i) See answer to Q-6 (a) 

(ii) Mean blood pressure is the arithmetic mean of systolic pressure and diastolic 
pressure. It is also given by diastolic pressure plus 1/3 of the pulse pressure. 
(iii) The blood pressure recorded at any moment in ordinary conditions of life 
is referred to as casual blood pressure ; the figure is higher than the basal 
blood pressure (i. e., the blood pressure recorded when the subject is at complete 
physical and mental rest). 

(i) Rise in both systolic pressure and diastolic pressure. 

(ii) Rise in systolic pressure fall in diastolic pressure. 

What do you mean by circulation time ? (b) What is the circulation time 
from arm to lungs ? (c) Mention the factors controlling blood circulation 
in our body. [J.E.E. 1993] 
(a) Circulation time is the time taken by a particle of blood to flow from one 
point in the circulation to the other. 

(b) Arm to lungs circulation time is 6 sec (4 - 8 sec). 

(e) Factors controlling cirulation of blood: [i] Pumping action of heart. 
[ii] Pressure gradient. [iii] Peripheral resistance. [iv] Muscular exercise. 
[v] Respiration and [vi] Gravity. 

(a) What are the causes of unidiretional flow of blood in our body ? 
(b) Mention four properties of eardiac muscle (c) Name the special 
junctional tissues of mammalian heart. [J.E.E. 1994] 


Ans. (a) [i] Arterial pressure is higher than venous pressure. So blood flows from 


[13] 


Ans. 


[14] 


} Ans. 


15 


Ans. 


arteries to the veins. [ii] Presence of valves in heart and veins. 
(b) [i] Rhythmicity, [ii] Conductivity, [iii] Contractility. [iv] All or none law, 
[y] Refractory period, [vi] Staircase phenomenon and [vii] Tonicity. (any four) 
(e) [i] Sinoatrial node, [ii] Atrioventricular node, [iii] Internodal fibres, 
[vi] Bundle of His and its right and left branches and [v] Purkinje fibres. 
(a) What is the normal duration of each cardiac cycle ? (b) Explain what 
would be the duration of each cardiac cycle if heart rate is increased or 
decreased than normal ? (c) Name the instrument with which clinically 
blood pressure is measured and from which blood vessel ? 

IJ. E. E. 1994, 2000] 
(a) 0.8 sec. 
(b) If heart rate is increased, cardiac cycle time would be decreased. 
Tf heart rate is decreased, cardiac cycle time would be increased. 
(e) Instrument—Sphygmomanometer ; Blood vessel—Brachial artery. 
(a) What changes will take place in the myocardial contraction, when 
(i) vagus nerve sypply to heart is stimulated ; (ii) sympathetic supply to 
heart is stimulated ? (b) What is cardiac index and its normal value ? 

[J.E.E. 1994] 

(a) (i) Inhibited ; (ii) Stimulated. 
(b) Cardiac index is the cardiac output/minute/Sq. m. of body surface area. Its 
normal value is approximately 3.3 lit. 
Explain briefly why the human heart never gets fatigued ? IJ. E. E. 1994] 
Or, Why cardiac muscle is not fatigued ? [J.E.E. 1994] 
The heart (or cardiac muscle) is not fatigued due to its prolonged refractory 
period which helps in adequate recovery in between two successive stimuli. 


[16] 


Ans. 


u7] 


Ans. 


(d) 


(e) 


[18] 


Ans. 
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(a) Define blood pressure. (b) What is meant by systolic and diastolic blood 

pressure ? (c) What are the average normal readings of systolic and diastolic 

blood pressures in adult human male ? (d) What is cardiac output 2 

(e) How arterial peripheral resistance controls the blood pressure ? 
[J.E.E. 1996] 

(a) See answer to Q-6 (a). 

(b) See answer to Q-6 (b). 

(e) Systolic pressure 120 mm of Hg; Diastolic pressure 80 mm of Hg. 

(d) See answer to Q (a). 

(e) Blood pressure is directly proportional to peripheral resistance (i.e., resistance 

of arteries and arterioles to flow of blood). The peripheral resistance depends 

on velocity and viscosity of blood, elasticity of the arterial wall and lumen of 

the blood vessels. 

(a) Define cardiac output. (b) Name the instrument by which blood pressure 

is measured. (c) What do you know about (i) hypertension and 

(ii) hypotension ? (d) What is electrocardiogram ? (e) Mention the vagal 


_ effects on heart. [J-E.E. 1998] 


(a) See answer to Q-4. 

(b) Sphygmomanometet. 

(c) (i) Hypertension : An abnormal increase in blood pressure in resting (basal) 
condition is called hypertension. When the systolic pressure rises above 140 
mm Hg and the the diastolic pressure reaches above 90 mm Hg at rest, the 
condition is referred to as hypertension. 

(ii) Hypotension : It means an abnormal decrease in blood pressure in resting 
(basal) condition. At rest, if the systolic pressure falls below 100 mm. Hg and 
the diastolic pressure falls below 50 mm Hg, the condition is called hypotension. 
Electrocardiogram is the graphical recording of the electrical activities of heart 
taken from the body surface. It represents the combined potential changes 
(measured in my) of the cardiac muscle during each cardiac cyele, plotted against 
time. 

Vagus nerve exerts a tonic inhibitory effect on all parts of heart via its cardiac 
branch. It inhibits heart rate, myocardial contractility, conductivity, irritability 


ete. 

(a) What is the normal cardiac output in man ? (b) What is stroke volume? 

(c) What is cardiac index ? (d) Name one method for determination of 

cardiac output in man. (e) What is tachycardia ? (f) What is bradycardia ? 
IJ. E. E. 1999] 

(a) 5 — 6 litres of blood / ventricle / minute. 

(b) Stroke volume is the amount of blood pumped out from each ventricle in 

each beat of the heart. 

(c) Cardiac index is the cardiac output / minute / sq. m. of the body surface 

area. 

(d) Fick’s method. 

(e) Tachycardia means an abnormally high pulse (or heart) rate, usually above 

100 beats/ minute. 

(f) Bradycardia means an abnormally low pulse (or heart) rate, usually below 


60 beats/minute. 
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[19] Write the distinguishing features of cardiac muscle. [J.E.E. 1999] 
Ans. Cardiac muscle is the muscle of heart (myocardium). It contains branched, 
cylindrical, striated muscle fibres with centrally placed nucleus, syncitium and 
intercalated discs. It is involuntary in nature. 
[20] (a) What is portal circulation ? (b) What is pulmonary circulation ? 
[J.E.E. 1999] 
Ans. (a) Portal circulation is a circulation in which there are two sets of capillaries in 
between an artery and a vein. It consists of a blood vessel (called portal vessel) 
containing capillaries at both its ends. Examples are hepatic portal system, renal 
portal system. 
(b) Pulmonary circulation means the circulation of blood through the lungs 
(i.e., circulation of blood between the heart and the lungs). The blood passes 
from heart to lungs through two routes—[i] the pulmonary artery carrying 
deoxygenated blood from right ventricle for oxygenation and [ii] bronchial artery 
carrying oxygenated blood from left ventricle for supply of O; to the lung tissue. 
After oxygenation in the lungs the blood returns to left atrium through the 
pulmonary veins. 
[21] (a) What is a venule ? (b) What are the differences between systemic and 
portal veins ? [J.E.E. 2000] 
Ans. (a) Venules are small veins that join to form a major vein, 


[1] Contains capillaries at one end. [1] Contains capillaries at its both ends (at 
(at its origin). its origin as well as termination). 

[2] Transports blood from a tissue or | [2] Transports blood from one organ to 
organ to heart. another. 

[3] Controllable reservoir of extra [3] No such function. 
blood. 

[4] Pressure and rate of blood flow 

are very low. 


Systemic vein 


[4] Pressure and rate of blood flow are 
higher. 


[22] (a) What is Marey’s law ? (b) State the role of valves in the circulatory 
7 system. (c) State the location of ‘tricuspid’ valve. Why is it it so called ? 
[J.E.E. 2001] 
Ans. (a) Marey’s law is also known as cardio inhibitory reflex which shows the 
inverse reflex relationship between blood pressure and heart rate through sino- 
aortic baroreceptors. According to this law, when blood pressure is raised, the 
baroreceptors of carotid sinus and aortic arch become stimulated to inhibit the 
heart rate reflexly by activating the effrent vagus nerve. This helps to maintain 
the normal blood pressure. 
(b) The valves present in circulatory system prevent back flow of blood and help to 
maintain undirectional flow of blood. 
(c) Tricuspid valve is located at the right atrio-yentricular aperture. It is so named 
because it is made up of three triangular shaped cusps. 


[23] 


Ans. 


[24] 
Ans. 
[25] 


Ans. 


[26] 
Ans. 
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(a) What is meant by peripheral resistance ? Mention the factors affecting 
15 UI. E. E. 2003] 
(a) The frictional resistance which blood has to overcome while flowing through 
the vessels is called peripheral resistance. It is inversely proportional to internal 
diameter of the blood vessel and elasticity (or distensibility) of the vascular 
wall, and directly proportional to velocity and viscosity of blood. 
What is meant by apex of heart ? 
The tip of the lower tapering part of the heart is called ‘apex of heart’. 
What do you mean by—(i) pericardium, (ii) epicardium, (iii) myocardium 
and (iv) endocardium ? 
(i) Pericardium is the double layered membranous covering of heart. 
(i) Epicardium is the outermost thin fibroelastic layer of the cardiac wall. 
(ii) Myocardium is the middle layer of the cardiac wall made up of striated- 
involuntary (i.e., cardiac) muscle fibres. : 
(iv) Endocardium is the endothelial layer of the cardiac wall. 
Why heart is considered as a modified blood vessel ? 
Heart is considered as a modified blood vessel because of the following 
reasons— 
[i] Both heart and blood vessel (arteries and veins) remain filled with blood and 
are concerned with circulation of blood. 
[ii] Heart and blood vessels develop from the same embryonic origin (mesoderm). 
[iii] The three layers of cardiac wall namely (from outside inward) epicardium, 
myocardium and endocardium are analogous to the three layers of blood vessels 
namely tunica adventitia, tunica media and tunica intima respectively. 
Mention the cause of opening of AV valves. Or, What is the cause of opening 
of AV valves—contraction of atria or relaxation of ventricles ? 
Opening of AV valves is caused by relaxation of ventricles and fall of 
intraventricular pressure rather than contraction of atria and rise of intra-atrial 
pressure. 
Find the stroke volume of a person whose minute volume is 6 litres and 
pulse rate is 80/minute. i i 
We know that Minute volume = Stroke volume x Heart rate 

Minute volume 
Heart rate (or pulse rate) 


6 lit. 6000 ml 


Stroke volume = 80 * 80 
A man consumes 1.5 litres of O, in 5 minutes. His arterial blood contains 
200 ml On / litre and venous blood contains 150 ml On /litre. Calculate the 
minute volume of the man. 


Stroke volume = 


= 75 ml. 


NIE 
Given, (i) O2 consumption = 1.5 lit/5 min Z 5 lit/min 


= Bee ml/min = 300 mi / min. 
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(ii) O; content of arterial blood = 200 ml / lit = 20 ml / 100 ml. 
Gii) O, content of venous blood = 150 ml / lit = 15 ml / 100 ml. 


Volume of O, consumed (ml) / min 


1 Oa Arteriovenous difference of O, (ml) / 100 ml blood 5100 
300 x 100 300 x 100 h 
(20 — 15) 5 =6000 ml = 6 lit. 

[30] Why blood pressure rises in old age? [H.S. 1995] 


Ans. In old age, the vascular wall becomes stiff and the vascular lumen is narrowed 
due to the deposition of cholesterol etc. As a result of this, the peripheral 
resistance and thus the blood pressure is increased. 

[31] Why presence of excess salt and lipid in diet may cause hypertension ? 

Ans. High salt diet raises the blood level of sodium salt which facilitates retention of 
water in the body as a result of which the blood volume and thus the blood 
pressure is raised. 

High lipid diet increases the blood level of cholesterol which on being deposited 
on the inner wall of arteries cause atherosclerosis and make them narrow and 
stiff, As a result of this, the peripheral resistance and thus the blood pressure is 
raised, 

[32] Name three common cardiovascular diseases / disorders caused or 
aggravated by smoking. 

Ans. Atherosclerosis, hypertension, ischemicheart disease. 

[33] (a) Write down in brief the role of circulatory system in human body. 

(b) During ‘resting condition in humans, how many times the heart is 
beating ? i [H.S. 2000] 

Ans. (a) Functions of circulatory system are same as the functions of blood. See 
chapter-2. Art. 2.2.11. 

(b) 70 - 80/minute. 


Se Se eee eee EXERCISE RS See eee 


© A. Long answer type or essay type: 
[1] Describe the anatomical structure of human heart. (Ans. 3.2) 
[2] Describe the course of circulation of blood through human heart with a labelled diagram. 
[Tripura H.S. 1984, 90, 92] (Ans, 3.3) 
[3] Write what you know about origin and propagation of cardiac impulse. (Ans. 3.5) 
[4] Write briefly the histological structure of artery, vein and capillary. (Ans. 3.4) 
[5] Who discovered circulatory system ? Describe the events of cardiac cycle mentioning their 
duration. [J-E.E. 1981] (Ans, 3.1 ; 3.8) 
[6] Define cardiac cycle and describe the course of circulation of blood through human heart 
during each cardiac cycle with a neat diagram. (Ans. 3.8 ; 3.3) 
[7] (a) What is the normal heart rate? (b) How the rate is counted ? (c) From normal resting 
condition following physical exercise does the heart rate change ? If so, state the reasons for 
such changes. 
IJ. E. E. 1986] (Ans. 3.20. Q-2) 
[8] (a) Heart produces four sounds during cardiac cycle’. Mention the phase and cause of each 
sound serially. (b) What is pulse pressure and what is it in an adult person ? 
J. E. E. 1987] (Ans. 3.20. Q-3) 
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Define cardiac output and cardiac index. What is Fick’s principle ? 

[J. E. E. 1988] (Ans. 3.20. Q-4) 
(a) Define stroke volume and minute volume. (b) Describe the sequence of events in cardiac 
cycle, IJ. E. E. 1990] (Ans. 3.20. Q-7 ; 3.8) 
Write down in brief the role of circulatory system in human body. (Ans. 3.20. Q-33a) 
Explain the different types of blood pressure. What is the normal blood pressure of an adult 
man ? Why the blood pressure rises in old age ? H. S. 1995] (Ans. 3.11) 
Briefly discuss the following (i) First heart sound, (ii) Isometric systolic period, (iii) Blood 
ejection period, (iv) Second heart sound. [H.S. 2000] (Ans. 3.8; 3.9) 
Discuss the factors controlling cardiac output. [J.E.E. 2004] (Ans. 3.10) 
Describe a suitable method for measurement of cardiac output in man. (Ans. 3.10) 
Discuss the various factors affecting heart rate. (Ans. 3.7) 
Discuss the ventricular events of cardiac cycle: (Ans. 3.8) 
Write the method for measuring BP in man. (Ans. 3.11) 
What is blood pressure ? Describe the factors affecting (or regulating) arterial blood pressure. 
[Tripura H.S. 1988] (Ans. 3.11) 
Discuss the relationship between dietary factors and cardiovascular disease. (Ans. 3.13) 
How is smoking associated with high B. P and heart disease? (Ans. 3.13) 

How diabetes mellitus, stress and alcoholism are related io cardiovascular diseases ? 
(Ans. 3.13) 


© B. Short answer type: 


11 
121 
[3] 
(4) 
[5] 
Le! 
17) 
[8] 
191 
[10] 
m] 
1121 


1131 
[14] 
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[16] 
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What do you mean by base and apex of heart ? (Ans. 3.2) 
What is myocardium ? (Ans. 3.2) 
Who dis¢overed—(i) Capillary, (ii) SA node, (iii) AV noode (iv) Sphygmomanometer ? 
(Ans. 3.18) 
What is vasa vasorum ? (Ans. 3.4) 
What is cardiac cycle ? What is its duration? {H.S. 1989] (Ans. 3.8) 
Define systolic pressure and diastolic pressure. [H.S. 1989] (Ans. 3.11) 
What are heart sounds and how many are they ? (Ans. 3.9) 
How blood pressure is affected by rise of heart rate ? (Ans. 3.11) 
What is the relationship of blood pressure with blood volume and peripheral resistance ? 
(Ans. 3.11) 
Name the different valves present in human heart with their locations. What is SA node ? 
[J.E.E. 1989] (Ans. 3.20. Q-5) 
What is blood pressure ? Explain the difference between systolic diastolic and pulse pressure. 
[J.E.E. 1989] (Ans. 3.20. Q-6) 
What do you mean by blood pressure ? Name the instrument for measuring blood pressure of 
man. [Tripura H.S. 1990] (Ans. 3.11) 
(a) Define (i) blood pressure, (ii) mean blood pressure, (iii) casual blood pessure. (b) What will 
happen to BP when (i) arterioles are constricted, (ii) elasticity of blood vessels (artrial wall) is 
reduced ? J. E. E. 1992] (Ans, 3.20. Q-10) 
(a) What do you mean by circulation time ? (b) What is the circulation time from arm to lungs ? 
(c) Mention the factors controlling blood circulation in our body. 
[J.E.E. 1993] (Ans. 3.20, Q-11) 
Define (or explain) all or none law. Which muscle is responsible for this property Ans. 3.6) 
Why heart muscle cannot be fatigued inspite of continuous activity ? 
IH. S. 1995, 98, 20001] (Ans. 3.20. Q-15) 
During resting condition in humans, how many times the heart is beating ? 
(Ans, 3.20. Q-33 b) 
What is the normal duration of each cardiac cycle ? Explain what would be the duration of each 
cardiac cycle if heart rate is increased or decrased than normal. Name the instrument by which 
clinically blood pressure is measured and from which vessel ? 
IJ. E. E. 1994, 2000] (Ans. 3.20. Q-13) 
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[19] (a) What are the cause of unidirectional flow of blood in our body ? (b) Mention four properties 
of cardiac muscle. (c) Name the special junctional tissues of mammalian heart. 
[J.E.E. 1994] (Ans. 3.20. Q.-12) 
20] (a) What changes will take place in the myocardial contraction, when (i) Vagus nerve supply to 
heart is stimulated ; (ii) Sympathetic supply to heart is stimulated ? (b) What is cardiac index 
and its normal value ? [J.E.E. 1994] (Ans. 3.20. Q-14) 
[21] (a) Define blood pressure. (b) What is meant by systolic and diastolic blood pressure ? 
(c) What are the average normal readings of systolic and diastolic blood pressures in adult 
male ? (d) What is cardiac output ? (e) How arterial peripheral resistance controls the blood 
pressure ? [J.E.E. 1996] (Ans. 3.20. Q-16) 
[22] What is pulse pressure? [J.E.E. 1997] (Ans. 3.20. Q-11) 
[23] (a) Define cardiac output. (b) Name the instrument by which blood pressure is measured. (c) 
What do you know about (i) hypertension and (ii) hypotension ? (d) What is electrocardiogram ? 
(e) Mention the vagal effects on heart. [J.E.E. 1998] (Ans. 3.20. Q-17) 
[24] (a) What is the normal cardiac output in man ? (b) What is stroke volume ? (c) What is cardiac 
index ? Name one method for determination of cardiac output in human beings. (e) What is 
tachycardia ? (f) What is bradycardia ? [J.E.E. 1999] (Ans. 3.20. Q-18) 
[25] Write the distinguishing features of cardiac muscle, [J.E.E. 1999] (Ans. 3.20. Q-19) 
[26] (a) What is portal circulation ? (b) What is pulmonary circulation ? 
IJ. E. E. 1999] (Ans. 3.20. Q-20) 


[27] What is venule ? [J.E.E, 2000] (Ans. 3.20 Q-21) 
[28] (a) What is Marey’s law ? (b) State the role of valves in circulatory system. (c) State the 

location of tricuspid valve. Why is it so called ? IJ. E. E. 2001] (Ans. 3.20.,Q-22) 
[29] What is meant by peripheral resistance ? [J.E.E. 2002] (Ans. 3.20. Q-23) 


[30] What do you mean by peripheral resistance ? Mention the factors affecting it. 
IJ. E. E. 2003] (Ans. 3.20. Q-23) 
[31] What is Starling's law of heart ? (Ans. 3.10) 
[32] Name the methods for measuring blood pressure in man and mention the instruments required 
for them. (Ans. 3.11) 
33] Calculate the minute volume and stroke volume of a person whose arterial blood contains 48% 
CO3, venous blood contains 52% CO% and CO, output/minute is 240 ml. (Ans. 6 lit.) 
[34] What is cardiac cycle ? State the cause of first heart sound? IIH. S. 2006] (Ans. 3.8 ; 3.9) 


@ C. Distinguish between: 


[1] Systemic vein and portal vein. IJ. E. E. 2000] (Ans. 3.20, Q.-21) 
[2] Vein and artery. IJ. E. E. 2000] (Ans. 3.15.4) 
[3] Systemic circulation and pulmonary circulation. (Ans. 3.15.3) 
[4] Atrioventricular valves and semilunar valves, (Ans, 3.15.1) 
[5] SA node and AV node. (Ans, 3.15.2) 
[6] Systolic pressure and diastolic pressure, [H.S. 2006] [Ans. 3.11) 


© D. Write brief notes on: 


[1] Junctional tissues of heart. (Ans, 3.5). [2] Cardiac output (Ans. 3.10). [3] Cardiac cycle. (Ans. 
3.8). [4] Heart sounds, (Ans. 3.9). [5] Valves of heart (Ans. 3.2). [6] SA node (Ans. 3.5). 
[7] AV node (Ans, 3.5). [8] Ventricular systole (Ans. 3.8). [9] Ventricular diastole (Ans. 3.8). 
[10] Dietary habits and cardiovascular diseases. (Ans. 3.13). 


© E. Complete the sentences with suitable words from those given in parentheses : 
[1] The average normal heart rate of man is (72/18/86) 
[2] The weight of human (male) heart is gm. (200/300/400/500) H. S. 1989] 
[3] The left AV valve is also called . (tricuspid valve/bicuspid valve/semilunar valve) 
[4] Closure of semilunar valves produces heart sound. (first/second/third/fourth) 
[5] In human being blood pressure is measured by an instrument called. .(hemometer/ 
sphygmograph/sphygmomanometer/hemocytometer/spirometer) 


[6] 
[7] 
[8] 
[9] 
[10] 


1111 


12] 
[13] 
[14] 
151 
1161 
[17] 
[18] 
[19] 
[20] 


eF 


111 
121 
[3] 
Lal 
[5] 
[6] 
17¹ 
[8] 
191 
[10] 
(11) 
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Decrease of peripheral resistance- blood pressure. (reduces/increases) 

AV valves open due to——. (contraction of atria/relaxation of ventricles) 

Diastole of atria is: than that of ventricles. (longer/shorter) 

The wall of atria is than that of the ventricles. (thicker/thinner). 

Mitral valve is situated between the (left and right atria/left atrium and left ventricle/ 
right atrium and right ventricle) IH. S. 1991, 97] 


The normal ratio of systolic, diastolic and pulse pressure is 6822 42 1/43 1) 
IH. S. 1999] 


The normal value of pulse pressure is — mm Hg. (120/90/80/40) 

The refractory period of heart muscle is than skeletal muscle. (longer/shorter) 

The thickest layer of arterial wall is . (tunica adyentitia/tunica media/tunica intima) 
The rhythm of SA node is called —. (sinus rhythm/nodal rhythm) 

During exercise, the heart rate is . (increased/decreased/not changed) 

Atrial systole coincides with ventricular- filling phase. (first rapid/reduced/last rapid) 
Circulation time is- if blood pressure is increased. (increased/decreased) 

Saturated fat rich diet increases the blood level of- . (LDL/HDL) 

In peripheral cyanosis, the O2 saturation of blood is lower than normal. (arterial/venous/ 
both arterial and venous) 


Fill in the blanks : 

At the end of atrial contraction immediately- contraction starts. [H.S. 1992] 
Contraction of heart is and relaxation of heart is 

From beat to beat, cyclical changes in heart is called IH. S. 1994] 
Heart is covered by a protective membrane called H. S. 1995] 


In fever, heart rate is 

is the normal pacemaker of human heart. 
The instrument used to hear heart sounds is called 
The duration of ventricular systole is ————— than ventricular diastole. 
Average diameter of capillaries is——. 
The thickest layer of venous wall is 
Varicose veins develop from damaged ———— in the veins. IJ. E. E. 1992] 


@ G. Choose the correct answer (Multiple choice type): 


0) 
[2] 
[3] 
[4] 
(5] 
[6] 
[7] 
[8] 
191 


1101 


The membranous covering of heart is called: (a) Epicardium, (b) Pericardium, (c) Myocardium, 
(d) Atrium. 

Mitral valve is situated in between : (a) Right and left atria, (b) Right and left ventricles, 
(c) Left atrium and left ventricle, (d) Right atrium and right ventricle. 

The right AV valve is also called : (a) Bicuspid valve, (b) Tricuspid valve, (c) Pulmonary valve, 
(d) Aortic valve. 

The left atrium contains: (a) Deoxygenated blood, (b) Oxygenated blood, (c) Mixed blood 
(d) None of these. 

The external elastic lamina of arteries is located : 

(a) In between tunica adventitia and tunica media, (b) In tunica intima, (c) In between tunica 
media and tunica intima, (d) None of these. 

Rouget cels are found in the wall of : (a) Artery, (b) Vein, (c) Capillary, (d) Heart. 

Which one of the following is not included in junctional tissues of heart ? 

(a) AV node, (b) SA node, (c) Bundle of His, (d) Purkinje cells. 

Nodal rhythm is generated from: (a) SA node, (b) AV node, (c) Internodal fibres, (d) Bundle of 
His. 

The natural pacemaker of amphibian heart is: 

(a) SA node, (b) AV node, (c) Truncus arteriosus, (d) Sinus venosus. 

Which of the following events of cardiac cycle has the longest duration ? 

(a) Atrical systole, (b) Atrial diastole, (c) Ventricular systole, (d) Ventricular diastole. 
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[21] 
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At the beginning of which of the following phases of ventricular cycle, do the AV valves 
close? (a) Isometric contraction phase, (b) Isometric relaxation phase, (c) Reduced ejection 
phase, (d) Protodiastole. f 

Second heart sound is caused by : (a) Closure of AV valves (b) Closure of SL valves, 
(c) Opening of AV valves, (d) Opening of SL valves. 

Which of the following equations is correct if SV = stroke volume, MV = minute volume and 
PR = pulse rate ? 

(a) SV = MV x PR, (b) PR = MV - SV, (c) MV = SV + PR, (d) MV = SV x PR. 

Which of the following equation is correct if SP = systolic pressure, (b) DP= diastolic pressure, 
(c) PP = pulse pressure ? 

(a) PP = SP + DP, (b) SP = PP + DP, (c) DP = SP + PP, (d) None of these. 

Which of the following may be caused by severe muscular exercise ? 

(a) Fall in systolic pressure, (b) Decrease in pulse rate, (c) Increase in cardiac output, (d) None 
of these. - 

In normal adult man, the minute volume is about : 

(a) 70 ml, (b) 50 ml. (c) 7 litre, (d) 5 litre. 

Which of the following may cause fall of blood pressure ? 

(a) Aging, (b) Muscular exercise, (c) Sleep, (d) Food intake. 

For which of the following, stethoscope is required ? 

(a) Pulse counts, (b) Measuring BP by palpatory method, (c) Measuring BP by oscillatory 
method, (d) None of these. 

Circulation time is increased when : (a) BP is high, (b) Cardiac output is low, (c) Velocity of 
blood flow is increased, (d) BMR is high. 

Which of the following does not cause or aggravate cardiovaseular diseases ? 

(a) Saturated fat rich diet, (b) High level of plasma LDL, (c) Increase in plasma HDL level, 
(d) Regular intake of alcohol in high doses. 

Opening of SL valves occurs at the : (a) Beginning of isometric contraction of ventricles, 
(b) End of isometric contraction of ventricles, (c) Onset of ventricular diastole, (d) End of 
isometric relaxation of ventricles. 

What will be the minute volume if the O, contents in arterial and venous blood are 19% and 
15% respectively and O, consumption/minute is 200 ml ? 

(a) 4 lit. (b) 5 lit. (c) 6 lit. (d) None of these. 


H. State whether the following statements are ‘True’ or ‘False’ : 


[1] 
[2] 
[3] 
[4] 
[5] 
[6] 
[7] 
[8] 
[9] 
[10] 
[11] 
12] 
[13] 
[14] 
[15] 


[16] 
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Heart rate is equal to pulse rate. 

Blood pressure is inversely proportional to peripheral resistance. 

The first heart sound is due to closure of SL valves. 

Cardiac cycle time is inversely proportional to heart rate. 

SA node is the reserve pacemaker of human heart. 

Stroke volume is proportional to venous return. 

Arterial wall contains more elastic tissue than venous wall. 

All arteries carry oxygenated blood. 

The atrial systole coincides with first rapid filling phase of ventricular diastole. 

Atrial wall is more muscular than ventricular wall. 

The right semilunar valve is also called tricuspid valve. 

The pulmonary veins drain the blood into the left atrium. 

Nomal heart shows sinus rhythm. 
Heart block is caused by obstruction in coronary arteries. 
The heart shows idioventricular rhythm when SA node is not functioning and the AV node is 
working as the pacemaker. 
The ventricular muscle shows all or none law as a whole. 

Closure of SL valves denotes the end of isometric relaxation phase of ventricular cycle. 
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[18] In ventricular systole, the phase having longest duration is called maximum ejection phase. 
[19] The systole of atria and ventricles may overlap partially. 
[20] The AV valves are opened by contraction of atria. 


Answers to Q. No. E, F, G and H 


E. [1] 72. [2] 300. [3] Bicuspid valve. [4] Second. [5] Sphygmomanometer. [6] Reduces. 
[7] Relaxation of ventricles. [8] Longer. [9] Thinner. [10] Left atrium and left ventricle. 
[11] 3 : 2: 1. [12] 40 [13] Longer. [14] Tunica media. [15] Sinus rhythm. 
[16] Increased, [17] Last rapid [18] Decreased. [19] LDL. [20] Venous. 

F. [1] Ventricular. [2] Systole, Diastole. [3] Cardiac cycle. [4] Pericardium. [5] Increased. 
[6] SA node. [7] Stethoscope. [8] Less. [9] 7- 10 um [10] Tunica adventitia. [10] Tunica 
media. 

G. [1] (b). [2] (c). [3] (b). [4] (b). [5] (a). [6] ©). 17] (d). [8] (b). [9] (d). [10] (b). [11] (a). 
[12] (b). [13] (d). [14] (b). [15] (c). [16] (d). [147] (©). [18] (d). [19] (b). [20] (c). [21] (b). 
[22] (b). 

H. [1] True. [2] False. [3] False. [4] True. [5] False. [6] True. [7] True. [8] False. [9] False. 
[10] False. [11] False. [12] True. [13] True, [14] False. [15] False. [16] True. [17] False. 

[18] False. [19] False. [20] False. 
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Respiratory System 


Topics Discussed : Organization of respiratory system ; Functions of respiratory system ; Mechanism of 
breathing ; Lung volumes and capacities ; Dead space ; Composition of inspired, expired and alveolar air; 
Transport of O, and CO, in the body; Active and passive smoking ; Common respiratory diseases and 
their causes ; Some abnormalities or respiration ; Mountain sickness and acclimatization. 


4.1. Introduction 


Respiration means intake of Oy, its utilization in tissues and removal of CO 
produced thereof. In man, the process of respiration is as follows : 

The lungs expand and the atmospheric air, rich in Op», is drawn into the lungs 
(inspiration). From the inspired air, O% is selectively absorbed by the blood and 
carried to the tissues all over the body. The tissues utilize O; for oxidation of food 
and produce CO. The CO, is carried by blood from tissues to lungs. The lungs 
deflate and discharge the impure (deoxygenated and CO, rich) air to the atmosphere 
(expiration). 

Human respiration is a complex physico-chemical process which is conventionally 
divided into 3 major phases (Fig. 4.1)—{1] breathing, [2] transport of gases (O, and 
COy) between lungs and tissues and [3] cellular (or tissue) respiration. 


Transport of TISSUES 


ATMOSPHERE | Breathing LUNGS gases through (Cellular 


blood respiration) 


CO; rich air 


Fig. 4.1 : Phases of the process of respiration. 


Breathing means inspiration (i.e. entry of O rich atmosphere air into the 
lungs) followed by expiration (i. e., expulsion of deoxygenated and CO, rich impure 
air from the lungs to the atmosphere. This is also called pulmonary ventilation (= 
flow of air into and out of the lungs). It is a physical process effected by pressure 
changes in the lungs. 

Transport of gases (O2 and CO3) between lungs and tissues is effected by the 
circulating blood which carries O2 from lungs to tissues, and CO, from tissues to 
lungs. It involves the physical process of diffusion of gases across the capillaries in 
lungs and tissues, and formation of chemical compounds of O and CO, in blood. 

Cellular respiration or tissue respiration means utilization of O, in the tissues 
for oxidation of food to CO, and H,O, with release of energy (production of ATP). 
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It involves a number of enzyme-catalyzed biochemical pathways such as glycolysis, 
TCA cycle, electron transport system etc., (refer to Chapter-9, vol. 1 of this book). 


4.2. Organization Of Respiratory System Or Respiratory Tract 


The pathway through which air normally flows during breathing is called 
respiratory tract or respiratory system. It extends from nostrils to alveoli of lungs. It 
includes nasal cavity, pharynx, larynx, trachea with its branchings (bronchi, bronchioles 
and alveoli) and the lungs. The first part of respiratory tract from nostrils to larynx 
is called upper respiratory tract and the portion below larynx is called lower 
respiratory tract. The structure function relationship of different parts of the 
respiratory tract are as follows : 


9 j Right lung 
f (external 
surface) 


Fig. 4.2: Respiratory system of man (diagrammatic). 


[1] Nasal cavity : Normally air is breathed in an out through the nasal cavity. 
However, the mouth cavity can also serve the same purpose. Both these cavities are 
connected externally with the atmosphere and internally with the pharynx. The nasal 
cavity opens to the exterior through two aperatures called external nares or nostrils. 
The mucous membrane lining the nasal cavity consists of ciliated columnar epithelial 
cells and mucous glands. The mucus secreted by these glands and the movement of 
the cilia help in the trapping of dust particles, bacteria etc., present in the inhaled air. 
The nasal lining also contains a rich blood (vascular) supply which makes the 
temperature and humidity of the inhaled air suitable for the body. 

[2] Pharynx and Larynx : The pharynx is a fibromuscular chamber situated in 
the upper end of the neck where digestive and respiratory tracts fuse together. It is 
a common part for digestive as well as respiratory systems. Structure of the pharynx 
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has already been described under digestive system. 

Larynx or Adam’s apple is the enlarged upper end of trachea situated in the 
neck anterior to the lower end of pharynx. It connects the pharynx with trachea. The 
larynx is made up of several cartilages united by membranes. It is externally covered 
by voluntary muscles that aid in its movement during swallowing. On its upper end, 
the larynx opens into the pharynx through an aperture called glottis which remains 
guarded by a lid-like cartilage called epiglottis. During swallowing, the glottis is 
closed by folding of epiglottis and the larynx moves upward by contraction of the 
muscles around it so that food particles are not allowed to enter into the respiratory 
tract. Within the larynx, there are two pairs of musculo-fibrous bands called vocal 
cords (or vocal folds) that are responsible for production of voice. Voice is caused 
by vibration of vocal cords due to the rushing out of expired air through the larynx. 
Hence, the larynx is also called voice box. 

[3] Trachea and its branches : The trachea or wind pipe is a 10 cm long 
elastic tube having a diameter of 1.5-2 cm. It originates from the lower end of larynx 
and descends through the neck to end in the thorax, and is placed just in front of 
oesophagus. At the level of Sth thoracic vertebra, the trachea bifurcates into two 
(right and left) principal bronchi (singular bronchus), each of which enters into the 
corresponding lung. The right bronchus divides into 3 lobar branches for the 3 lobes 
of the right lung while the left bronchus divides into 2 lobar branches for the 2 lobes 
of the left lung. Each lobar bronchus then divides repeatedly to produce smaller 
branches called bronchioles which further sub-divide several times to form gradually 
smaller bronchioles, ultimately ending into blind pouches called alveoli (singular 
alveolus) or air sacs, The so-called tracheo-bronchial tree extending from trachea 
to alveoli contains about 23 generations of branchings. 

The wall of trachea consists of a series of regularly spaced C-shaped incomplete 
rings of cartilage that are bound externally by fibrous tissue and involuntary muscles. 

COntich Och The cartilage-free portion of the tube is 

From air air To placed dorsally, in close contact with the 

pulmonary 0 pulmonary vein anterior surface of the oesophagus. The 
Pd cartilaginous rings render the tube rigid 

. so that it does not collapse and may allow 

smooth flow of air through it. The mucous 
lining of trachea is composed of ciliated 
columnar epithelial cells and glands 
which help in purification of the inhaled 
air by removing dust and other particles 
from it. The principal bronchi resemble 
trachea in histological structure. The wall 
of the tracheo-bronchial tree gradually 
loses the cartilaginous and muscular 
= covering and becomes thinner. The part 
Capillary network around alveoli of the tracheo-bronchial tree upto its 16th 
Fig. 4.3 : Alveoli and their blood supply, Seneration of branching along with the 
upper respiratory tract is called 

conducting zone as it simply conducts air and no gaseous exchange occurs here. 
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The remaining lower part of the respiratory tract (from 17th generation of branching 
onwards, upto alveoli) is called respiratory zone because this portion is lined by a 
single layer of sequamous epithelium and hence is capable of gaseous exchange. 

[4] Lungs : There are two spongy lungs, one on either side of the thoracic cavity. 
The right lung is three lobed while the left lung is two lobed. The lungs are made 
up of bronchi, bronchioles and numerous alveoli. Each lung contains about 350 
millions of alveoli. The alveoli are surrounded by network of capillaries originating 
from the pulmonary artery and leading into the pulmonary vein. 

Each lung is covered by a double layered serous membrane called pleura. The 
inner layer of pleura called visceral pleura is attached to the lung whereas the outer 
layer called parietal pleura remains attached to the inner wall of thoracic cavity. 
The two pleural layers are separated by a narrow space termed as pleural space 
which is filled with a thin film of a fluid called pleural fluid. This fluid acts as a 
lubricant, permitting the lungs to move freely in the thoracic cavity during breathing. 


Respiratory organs of man : Organs concerned with breathing are called 
respiratory organs. They include the different parts of the respiratory tract 
(i. e., the air passages through which air flows during breathing) as well as the 
organs concerned with breathing movements (i.e., changing the size of thoracic 
cavity and lungs) e.g., ribs and respiratory muscles (diaphragm, intercostal muscles 
etc). 


4.3. Functions Of Respiratory System (or Respiration) 


[1] Gaseous exchange and energy supply : Respiratory system helps in exchange 
of O, and CO; between atmospheric air and blood to maintain O, supply to tissues 
for release of energy from oxidation of food and removal of CO produced in the 
tissues. 

[2] Excretion : Besides CO), certain other volatile materials like alcohol, acetone, 
ether, chloroform etc., may also be excreted from blood through the expired air. 

[3] Acid-base balance: CO) forms carbonic acid (HzCO3) in blood by reacting 
with HO (CO, + H20 > H5CO3). So, removal of CO2 through expired air reduces 
acidity and raises the pH of blood. When blood becomes acidic (i.e., blood pH falls), 
breathing is increased to remove more CO, for maintaining blood pH and acid-base 
balance in the body. 

[4] Thermoregulation : Expulsion of water vapour and heat through the expired 
air provides a channel for heat loss from the body. When there is a rise of body 
temperature, breathing is stimulated for increasing heat loss from the body, This 
helps to maintain the body temperature. 

[5] Voice production : Vibration of vocal cords due to rushing out of expired air 
through the larynx helps in production of voice. 

[6] Smell sensation : Smell sensation is evoked by inhalation air containing 
odoriferous materials in gaseous state, through the nasal cavity. 

[7] Protective functions : Ciliary movements and mucous secretions of the 
respiratory tract help to trap bacteria and dust particles from the inspired air 
before it can enter the alveoli. The nasal cavity adjusts the temperature and humidity 
of the inspired air to prevent crusting and infection of lungs. Cough reflex originating 
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from the tracheobronchial tree and sneeze reflex originating from the nasal cavity 
help to remove foreign matters present in the respiratory tract. 

Among the above mentioned functions, the first one is respiratory function while the remaining 
ones are non-respiratory functions of the respiratory system. 


4.4. Mechanism Of Breathing 


Breathing is an external manifestation of respiration and is characterized by 
movements of chest and abdomen, That a man is respiring can be easily understood 
by observing his thoracic and abdominal movements. Breathing is divisible into two 
phases—(i) inspiration (lte, breathing in or inhalation) and (ii) expiration (le., 
breathing out or exhalation), During inspiration, the thoracic cavity and the lungs 
expand and air is drawn into the lungs whereas during expiration, the chest cavity 
and the lungs decrease in volume and air is expelled from the lungs. Breathing 
continues to occur throughout the life, Under normal conditions, breathing is quiet 
and smooth when inspiration and expiration occur spontaneously and rhythmically ; 
but in some situations of emergency breathing may be forced or driven by will 
power. In normal adult man, the breathing (respiratory) rate at rest is about 12- 
20/ minute ; that means both inspiration as well as expiration occur 12-20 times in 
a minute, The breathing rate is higher in children and during muscular exercise. 


Fig. 4.4 Inspiration (left) and expiration (right). 


Increase and decrease of the thoracic cavity during inspiration and expiration are 
brought about by contraction and relaxation of certain voluntary muscles that are 
referred to as respiratory muscles. The diaphragm and intercostal muscles are 
called primary respiratory muscles because they are required for normal (quiet) as 
well as forced breathing. The diaphragm is a dome-shaped muscular sheet which 
separates thorax and abdomen in mammals. When the muscles of diaphragm contact, 
it is pulled downward (toward the abdomen) so that the thoracic cavity increases in 
vertical dimension and at the same time the wall of the abdomen is bulged out due 
to an increase of pressure within it. The intercostal muscles are situated in between 
the adjacent ribs (in Latin, costa means a rib). There are 12 ribs on either side of 
the chest ; naturally there are 11 sets of intercostal muscle on each side of the chest. 
When these muscles contract, the rib-cage moves upward and forward as a result of 
which the thoracic cavity increase in antero-posterior and lateral dimensions. 
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During inspiration of normal quiet breathing, both diaphragm and intercostal 
muscles contract so that the throacic cavity expands in all dimensions. As a 
consequence of this, the lungs also expand because they are attached to the inner 
wall of thorax by pleura. This in turn reduces the intrapulmonary pressure (le., 
the pressure within the lungs) below the atmospheric level. Thus. air is drawn into 
the lungs from the atmosphere and inspiration is completed. After this, expiration 
occurs by a process which is just reverse to that of inspiration. During expiration, 
the diaphragm and intercostal muscles relax and return to their original position so 
that the thoracic cavity is reduced. This raises the intrapulmonary pressure above the 
atmospheric level as a result of which air is expelled from the lungs through the 
respiratory tract. After normal inspiration or expiration, the intrapulmonary pressure 
is equal to the atmospheric pressure ie., 760 mm of Hg. During inspiration and 
expiration, it becomes < 760 mm of Hg and > 760 mm of Hg respectively. 

It is interesting to note that during quiet inspiration, expansion of chest cavity is 
brought about by contraction of muscles which is an energy consuming process ; 
hence, normal inspiration is an active process. Conversely during normal expiration, 
the chest cavity is reduced by relaxation of muscles which does not require expenditure 
of energy. Thus, normal expiration is a passive process. 

As mentioned earlier, normal inspiratory and expiratory movements occur 
spontaneously and rhythmically. However, this is not due to an inherent rhythmictiy 
of the respiratory muscles. Rhythmic breathing is maintained by the activity of 
respiratory centres present in pons and medulla regions of brain which govern the 
respiratory muscles. 

In case of forced breathing, in addition to diaphragm and intercostal muscles, 
certain other voluntary muscles such as those of neck, chest, back and abdomen 
come into action. These additional muscles required for forced breathing only, are 
called accessory respiratory muscles. 


© Lung surfactant : The term surfactant means ‘a surface active agent’ i.e., 
an agent which reduces surface tension. The alveoli of lung contain such an agent 
called lung surfactant. Chemically, it is a lipoprotein made up of a phospholipid 
called dipalmityl lecithin and a protein, It is secreted by the lamellar bodies of 
the great alveolar cells lining the alveoli. It remains in the fluid lining the inner 
wall of the alveoli. It has an unique property of reducing surface tension of the 
intra-alveolar fluid and thereby prevents collapse of alveoli during expiration so 
that they can easily expand during the next inspiration. 


4.5. Lung (Or Pulmonary) Volumes And Capacities 


For describing the events of pulmonary ventilation, the air in the lungs has been 
divided into four different ‘volumes’ (called lung volumes) and four different 
‘capacities’ (called lung capacities). Lung volumes denote the volumes of air present 
in the lungs or flowing into or out of the lungs under different conditions. Lung 
capacities are combinations of two or more lung volumes. Lung volumes can be 
measured and recorded graphically with the help of an apparatus called respirometer 
or spirometer. Different lung volumes and lung capacities are as follows : 
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@ Lung volumes (or Pulmonary volumes): 

[1] Tidal volume (TV) : It is the volume of air that is drawn in or expelled out 
during a single normal (quiet) breathing act. Its average value is about 500 ml in 
normal adults. 


Inspiratory 
> reserve 
volume 


, Inspiratory 


v Vital 
capacity 
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Total lung capacity 
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Expiratory reserve 
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Fig. 4.5 : Graphical representation of lung volumes and capacities. 


[2] Inspiratory reserve volume (IRV) : It is the volume of air that can be 
breathed in by maximum forced inspiration over and above the tidal volume. It 
ranges between 2000-3000 ml. 

[3] Expiratory reserve volume (ERY) : It is the volume of air that can be 
breathed out by maximum forced expiration over and above the normal expiration 
or tidal volume. It is about 750-1000 ml. 

[4] Residual volume (RV) : Some amount of air is left in the lungs even after 
maximum forced expiration ; this is called residual volume. Its average value is 
about 1200 ml. 


Lung capacities: 

[1] Vital capacity (VC) : It is the volume of air that can be breathed out by 
maximum forced expiration after a maximum inspiration. So it equals to the sum of 
tidal volume, inspiratory reserve volume and expiratory reserve volume (i.e., VC = 
TV + IRV + ERV). It varies from 3000 ml to 5000 ml. In adult males, it is about 
4500-5000 ml whereas in females, it is 3000-3200 ml. 

Vital capacity is a good index of respiratory efficiency. Athletes, swimmers etc., 
show a higher vital capacity. It is reduced in pathological states like pneumonia, 
congestion and tuberculosis of lungs, heart failure etc. 

[2] Inspiratory capacity (IC) : It is the volume of air that can be taken in by 
the deepest inspiratory effort. Obviously, it is the sum of tidal volume and inspiratory 
reserve volume (i.e., IC = TV + IRV). It ranges between 2500-3000 ml. 

[3] Functional residual capacity (FRC) : It is the volume of air that is left in 
the lungs after a normal expiration. It is the sum of residual volume and expiratory 
reserve volume (i.e. FRC = RV + ERV). It is about 2000-2200 ml. 
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[4] Total lung capacity (TLC) or Total lung volume (ILV): It is the volume 
of air present in the lungs after maximum inspiration. It is equal to residual volume 
plus vital capacity (i.e., TLC = RV + VC). Its normal yalue is about 5000-6000 ml. 


4.6. Dead Space 


During each breath, the inspired air fills the whole respiratory tract from nostril 
to alveoli but a portion of this does not take part in gaseous exchange with the blood 
flowing through lungs. The space in the respiratory tract occupied by the portion of 
inspired air which is not utilized for gas exchange is called dead space. The dead 
space may be anatomical or physiological. 
© Anatomical dead space: The conducting zone of respiratory tract is considered 
as the anatomical dead space as it consists of those parts of the respiratory tract 
where gaseous exchange is not possible because the wall of these parts is too thick 
to allow diffusion of gases. It includes nasal cavity, pharynx, larynx, trachea, bronchi 
and bronchiolar branchings upto the beginning of respiratory bronchioles. In normal 
adults, the volume of anatomical dead space is about 150 ml ie. 30% of the tidal 
volume (500 ml). Thus, during normal breathing, the volume of air available for 
alveolar gas exchange (i. e., alveolar ventilation) with each breath, is eaual to tidal 
volume minus anatomical dead space volume, i.e, 500 ml - 150 ml = 350 ml. 
During expiration, the deoxygenated and CO; rich air of alveoli (about 350 ml) is 
diluted with about 150 ml of unused inspired air which has remained within the 
anatomical dead space. So, the expired air is a mixture of alveolar air and dead space 
air. 

Significance of anatomical dead space : Although the anatomical dead space 
does not take part in oxygenation of blood, it has some physiological importance. 
The inspired air passes through the anatomical dead space (conducting zone of 
respiratory tract) before it enters the alveoli. During this, the inspired air is modified 
and made suitable for entry to alveoli, in 3 ways—{1] It is freed from particulate 
matters like dust particles, bacteria etc. [2] It is saturated with water vapour, [3] Its 
temperature is raised closed to the body temperature. These changes protect from 
crusting and infection of lungs. 


© Physiological dead space: Normally the entire alveolar ventilation (i.e., all the 
air entering the respiratory zone of lungs) is utilised for gas exchange. However, this 
does not happen in certain pathological conditions when some of the alveoli are 
patent but non-functional or only partially functional due to absence of blood flow 
or inadequate blood flow through the adjacent capillaries. So, the air entering in 
those alveoli is wasted, and such alveoli must also be considered as dead space. This 
alveolar dead space (i.e., dead space of the respiratory zone) and the anatomical 
dead space (i.e., dead space of the conducting zone) are together called physiological 
dead space. Thus, the physiological dead space includes the anatomical dead space 
and two additional volumes of wasted alveolar ventilation : [1] the volume of 
inspired air entering those alveoli which have no blood supply and [2] the volume 
of inspired air ventilating some alveoli in excess of that required to oxygenate the 
blood flowing through them. In normal healthy individuals, the volumes of anatomical 
and physiological dead spaces are almost equal because all the alveoli are functional 
(de., wasted alveolar ventilation is negligible) in the normal lungs. However, in some 
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diseases of the lungs (e.g., pulmonary embolism etc.), blood supply to some alveoli 
may be completely or partially blocked and as a consequence the physiological dead 
space is considerably larger than the anatomical dead space. 

Significance of physiological dead space : Measurement of physiological dead 
is clinically important for performing lung function test. If the physiological dead 
space is larger than normal (i. e., larger than anatomical dead space), the ventilation- 
perfusion ratio is increased indicating insufficiency of blood flow through the lungs. 
That means, the pulmonary blood flow is inadequate for transporting the oxygen 
available in the alveoli. Thus, when the physiological dead space is very high, much 
of the work of breathing is wasted effort. 


4.7. Composition Of Inspired Air, Expired Air And Alveolar Air 


Inspired air—The air that enters into the lungs during inspiration is called 
inspired air which is nothing but atmospheric air. Naturally, the composition of 
inspired air is same as that of the atmosphere which is more or less same all over 
the world. However, at present, due to varying degrees of air pollution, the composition 
of atmospheric air may differ from place of place. 

Expired air—The air which is breathed out through the nose or mouth during 
expiration is called expired air. 

Alveolar air—It is the impurified air present in the alveoli (or the deepest part) 
of the lungs after gaseous exchage has occurred. The alveolar air is mixed with dead 
space air before it is passed out as expired air. 

The three major gaseous components of air are oxygen (O), carbon dioxide 
(CO ) and nitrogen (N2). Among these, the first two (O, & CO3) are concerned with 
respiration. O, is taken in from the inspired air by the blood and CO; is given out 
from the blood to the alveoli. Na is neither taken in nor given out by the blood and 
tissues. The percentage composition of O2, CO, and N in the inspired air, expired 
air and alevolar air are roughly as follows : 


Inspired air (%) | Expired air (%) 


The above table reveals the following facts : 

[1] Expired air contains less O, than inspired air but more O, than alveolar air. 
The O, content of alveolar air is lowest because O, is absorbed by the blood from 
the alveoli. When the alveolar air passes out, it is mixed with the dead space air and 
becomes enriched with Oz because the dead space contains atmospheric gir having 
a higher O, content. This is why the percentage of O; in the expired air is more than 
that in the alveolar air. 

[2] CO; content (percentage) is lowest (almost nil) in the inspiratory air. As CO, 
is added from blood to the alveolus, the alveolar air contains highest CO. When the 
alveolar air passes out, its CO, content is reduced because it is diluted with the CO, 

free dead space air. This is why the expired air contains less CO; than the alveolar 


air. 
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[3] Although N, does not take part in respiration, its percentage in the expired 
air is slightly greater than that in the inspired air. The reason behind this is as 
follows. About 250 ml of Oꝛ is absorbed by the blood from the inspired air in a 
minute ; but in exchange of this, only 200 ml of CO; is given out by the blood to 
the lungs every minute. Thus, the volume of expired air is lowered from that of the 
inspired air. For this reason, although the total volume of N, in the inspired air and 
expired air remains unchanged, its percentage in the expired air is slightly raised 
from that of the inspired air. 


4.8. Transport Of Oxygen And Carbon Dioxide In Blood 


Introduction : The transport of respiratory gases (O, and CO ) in the body is 
accomplished by the joint action of respiratory and circulatory systems. The 
deoxygenated blood of pulmonary artery absorbs O; from the inhaled air in the lungs 
and becomes oxygenated. Then the oxygenated blood passes through the pulmonary 
veins to the heart from where it is sent to different tissues of the body through aorta 
and its branches (. e, the arterial system) for supplying O2. The process of absorption 
of O, from the lungs and its supply to various tissues of the body is known as 
transport of O2. On the other hand, the CO} produced from metabolism in the tissues 
is taken up by the blood and carried to the heart via the venous system. From here 
the CO, rich blood is pumped through the pulmonary arteries to the lungs where 
CO; is excreted from blood to alveoli. The process of absorption of CO, from the 
tissues and its expulsion to the lungs by blood is known as transport of CO. The 
pathways of transport of Oy and CO; are shown in Fig. 4.6. 


Transport of O3 
Pulmonary vein Arterial system 


Tissues 


Pulmonary artery Venous system 
. Transport of CO3 


Fig. 4.6 : Pathway of Oz and CO, transport. 


It should be noted that, in the lungs, absorption of O, from alveoli to blood and 
expulsion of CO, from blood to alveoli occur simultaneously as these are 
interdependent (i.e. none can occur without the other). Similarly in the tissues, 
supply of Oz and absorption of CO, by the blood are also interdependent and occur 
simultaneously. Exchange of O, and CO, between blood and lungs or blood and 
tissues are governed by the physical laws of gaseous diffusion, according to which 
a gas always moves from higher to lower pressure. The Process of transport of O, 
and CO, are described below separately. 
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° Transport of 02 
The process of transport of oxygen by blood can be divided into two phases : 
ake of Oz in the lungs and [2] delivery of Oz to the tissues. 
u 55 take of O2 in the lungs : The partial pressure of O, (or pOy) in the impure 
y nated and CO» rich) blood entering into the lungs through the pulmonary 
(deoxy Ze i arteries is 40 mm Hg whereas 
that in the inspired air is 100 
mm Hg. So, oxygen easily 
Pulmonary | diffues from alveoli to blood. 
venous blood | In blood, oxygen is carried in 
two forms—[A] as physical 
N solution and [B] as chemical 
Alveolar $Y compound. 
O2 100 mm Hg. [A] Carriage of O, in 
| blood as physical solution: 
In the lungs, the O, diffusing 
into the blood at first becomes 
dissolved in water of plasma 
but the capacity of plasma to 
hold O, in dissolved state is 
4.7 : Uptake of O; from alveolus to blood in very little. In 100 ml of blood, 
the lungs. only 0.3 ml of O, can remain 
as ysical solution at a pO, of 100 mm Hg. 
[B] Carriage of O; in blood as chemical compound: As the O, dissolved in 
omes in contact with red cells, it (O2) diffuses into the red cells and forms 
chemical compound with hemoglobin called oxyhemoglobin which can 
easily split to liberate the O, when the blood comes to a region (such as the tissues) 
having a lower p02. 100 ml of blood can absorb a total of 19-20 ml Op at a pO) 
of 100 mm Hg, indicating that most of the O, carried by blood remains in the form 
of chemical compound (since only 0.3 ml of Oz remains as physical solution). 
The hemoglobin present in red cells is an iron containing protein pigment, red in 
colour. It is composed of an iron containing part heme and a protein part globin. 
Each molecule of hemoglobin contains four molecules of heme and one molecule 
of globin (made up of four polypeptides). Each heme contains a ferrous iron (Fe**) 
which can combine with one molecule of O2. Thus, one molecule of hemoglobin 
(co ntaining 4 heme units) can carry a maximum of 4 molecules of Oz. In blood, the 
hemoglobin may not always be fully saturated with oxygen. However, depending 
upon the demand of oxygen in the body and its availability in the inspired air, the 
hemoglobin of blood may become fully saturated with O, through the following 


setps— 


Fig. 


plasma c 
a loose 


TFC) Oe Sabi. 
(Here Hb, represents a molecule of hemoglobin containing 4 heme units). 
On being fully saturated with Oz, each gram of hemoglobin can hold 1.34 ml 
Our blood contains about 14.5 gm% of hemoglobin (i. e., 14.5 gm of hemoglobin/ 
100 ml blood). Thus, 100 ml of blood would carry 14.5 x 1.34 = 19.4 ml of O, on 


an average. 
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In the venous (i. e., impure or deoxygenated) blood the hemoglobin remains in 
reduced state due to the presence of a labile H* in its molecule. In order to be 
oxidized, the reduced hemoglobin must lose the H* ; that means the reduced 
hemoglobin cannot accept the O, unless it loses the H*. In the lungs, the reduced 
hemoglobin (represented by HHb) takes up O; to form oxyhemoglobin (HbO}) and 
liberates H*. The H* cannot be left free in blood because this would cause a fall in 
pH (or hyperacidity) of blood. So, the H* is taken up by the bicarbonate ion 
(HCO3) present in the red cells to form carbonic acid (H,CO3) which decomposes 
into CO, and HO and the CO; diffuses out from blood to alveoli. Thus we see that 
in the lungs, during the uptake of O, by the blood, CO, is expelled from it. The 
reaction is shown below : 

CO, = expelled 


In lungs to alveoli 
HbO, + HCO3* + 02 ———» HbO, + H,CO; 
— from carried in 
carried in inspired pulmonary H,0 
pulmonary air vein 


artery 

The ferrous iron of heme can also combine with CO to form carboxyhemoglobin. 
Moreover, the affinity of hemoglobin for CO is much greater than that for O2. The 
CO gas is very poisonous because if this gas once combines with hemoglobin, the 
hemoglobin is not easily freed and thus rendered inactive. 

[2] Delivery of O; to the tissues : The process of delivery of O, from blood to 
tissues is just reverse to that of O, uptake in lungs. After being oxygenated in lungs, 
the blood returns to heart via pulmonary veins. From the heart, the pure (oxygenated) 
blood is then pumped to the whole body through the arterial system. The pO) in the 
arterial blood is 100 mm Hg whereas that in the tissues is 40 mm Hg. Therefore, 
oxygen diffuses from blood to tissue cells. At first, the O, dissolved in the plasma 
diffuses out to the tissues. Then the O, bound with hemoglobin (i. e., HbO}) in the 
red cells is liberated which passes to the tissues via the plasma. The splitting of 
HbO; requires the presence of H* in the red cells. While flowing through the tissues 
the blood absorbs CO, which reacts with H20 to form HaCOz within the red cells. 
The HCO; then ionizes into H* and HCO3. This H“ finally combines with the 
heme portion of HbO, to release the O, from it. Thus, in the tissues, the delivery 
of O3 is dependent on absorption of CO, by the blood. The reaction can be summarized 
as— 


HbO, + HCO; ee HHb + HCO; + O, 
present in n 
arterial carried in 
blood venous blood 
CO, H,O delivered 
T to tissue cells 
metabolism 
in tissues 


* The HCO; originates from the H}CO} formed during uptake of CO, in the tissues which will be 
described under transport of CO3. 
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100 ml of arterial and venous blood contain 19-20 ml and 14-15 ml of O2 
respectively, That means when 100 ml of arterial blood passes through the tissues 
it supplies 4-6 ml of O, and when 100 ml of impure blood passes through the lungs 
it absorbs the same volume (4-6 ml) of Op. 


„ Transport of CO; : 


The process of transport of CO} in the body can also be divided into two phases: 
[1] uptake of CO, from the tissues to blood and [2] delivery of CO, from blood to 
lungs. 

[1] Uptake of CO, from tissues to blood: The partial pressure of CO2 (pCO) 
in the arterial (oxygenated) blood is 40 mm Hg whereas the pCOy in tissues is 46 
... an He 8, when arterial 
blood flows through the 
tissues, CO, diffuses from 
tissues to blood and is carried 
away. In the blood, the 
absorbed CO, is carried in two 
forms—[A] as physical 
solution and [B] as chemical 
compounds. 

[A] Carriage of CO, as 
physical solution : The CO, 
diffusing into the blood vessels 
at first mixes with the plasma 


O and becomes dissolved in it. 

About 2.7 ml of CO, may 

i : p remain as physical solution in 

Fig. 4.8 : ele ee blood to alveolus 100 ml blood. The CO; 

dissolved in plasma then 

diffuses into the red cells and undergoes chemical reactions. However, small quantities 
of CO, may remain in plasma as chemical compounds. 

[B] Carriage of CO, as chemical compounds: CO, may form two types of 
chemical compounds in blood -() bicarbonate and (ii) carbamino compounds. 

G) Carriage of CO, as bicarbonate : CO, is carried as bicarbonate in the 
plasma mainly, but the red cells play a very important role in the formation of 
bicarbonate. 

The CO; diffusing into the red cells react quickly with water due to the presence 
of an enzyme called carbonic anhydrase to form carbonic acid (HyCO3). This 
enzyme is not present in plasma, hence formation of HyCO3 in plasma occurs very 
slowly. Within the red cells, the HyCO} then ionizes into Hf and HCO}. These ions 
must be removed very rapidly in order to maintain absorption of CO, because 
accumulation of these would prevent formation of HjCO3 and thus the uptake of 
CO). For this, the H* is transferred to oxyhemoglobin (HbOp, formed during the 
uptake of O, in the lungs as described earlier) which releases the Oz and itself 
becomes reduced (deoxygenated as well as hydrogenated) to HHb. Thus in the 
tissues, uptake of CO; is linked with delivery of O2. The HCO3 formed in the red 


Pulmonary 
arterial blood Pulmonary 


venous blood 


; Alveolar $ 
600 40 mm Hg. 
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cells freely diffuse out to plasma in exchange of CI influx so that the electrical 
balance between RBC and 


plasma is not disturbed. The Red blood Plasma Alveolus 
exchange of HCO3 and CI corpuscle 
across the red cell Carbaminoprotein 


membrane is called 
Hamburger’s chloride 
shift which is a 
characteristic feature of red 
cells. The HCO} extruded 
to plasma then forms salt 
with Na*. Thus, CO, is 
carried in plasma as sodium 
bicarbonate (NaHCO3). 
The overall reaction of CO2 Fig. 4.9 : Oy uptake and CO, delivery in the lungs. 
uptake in the tissues is same 

as that described earlier for delivery of O, to the tissues. 

(ii) Carriage of CO, as carbamino compounds : CO) may combine with the 
free amino (-NH)) groups of proteins to form carbamino compounds. Two types of 
carbamino compounds may be formed in blood 

Carbamino proteins: These are formed in plasma by combination of CO, with 
the plasma proteins. 


PrNH, + CO, —> PrNHCOOH 
(Protein) (Carbaminoprotein) 
Carbaminohemoglobin : This compound is formed in the red cells by combination 
of CO, with the globin part of hemoglobin. 
HbNH, + CO, — > HbNHCOOH 
(Hemoglobin) (Carbaminohemoglobin) 
[2] Delivery of CO, from blood to lungs : After absorbing CO), from the tissues 
the blood returns to heart via venous system. It is then carried to the lungs through 
the pulmonary arteries. The 


Red blood Plasma Tissue 


corpuscle pulmonary arterial blood 
: : has a pCO, of 46 mm Hg 
Capen ni whereas the pCO, in the 


co, co, | inhaled air is 40 mm Hg. 
Ne So, CO, diffuses out from 
r blood to lungs. At first the 
CO, dissolved in plasma 
diffuses out and then the 
CO, present in the form of 
0, — 0, bicarbonate and carbamino 
compounds is released by a 
process just reverse to that 
of their formation. 
100 ml of venous blood conatins 52 ml CO, whereas the same volume of arterial 
blood contains 48 ml of CO. That means, 100ml of blood can absorb 52 — 48 =4 ml 


2253—68 


aed 


Fig. 4.10 : Op delivery and CO uptake in the tissues. 
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of CO, from the tissues and 100 ml of impure blood can expel 4 ml of CO; while 
passing through the lungs. The mechanism of transport of O, and CO, and their 
interrelationship in lungs and tissues are shown in Fig. 4.9 and 4.10, 


Bee ee eee eSNG Ree 


Breathing : The process of inhalation and exhalation. 

Inspiration : Inhalation. i.e., entry of atmospheric air into lungs, 

Expiration : Exhalation. i.e., exit of CO, rich and deoxygenated air from 
lungs to atmosphere. 

Vocal cords : Musculo-fibrous bands present within larynx, responsible for 


voice production. 
Pleura : The double layered serous membrane covering the lung. 
Diaphragm : A muscular sheet separating the thoracic and abdominal cavities 
in mammals, 
Intercostal muscles : Muscles lying between (i.e., connecting) the ribs. 
Dead space air : The portion of inspired air which does not take part in 
respiratory gaseous exchange. 


4.9. Active And Passive Smoking 


When a person smokes cigarette or bidi or cigar or pipe, it is called active 
smoking. In active smoking, an individual inhales the tobacco-smoke intentionally ; 
such persons are called smokers. On the other hand, when a person is exposed to 
environmental tobacco smoke so that he or she is compelled to inhale the smoke, it 
is called passive smoking. Thus, active smoking means direct smoking while passive 
smoking is indirect smoking. When some one smokes actively, the non-smokers 
present at that place become passive smokers as they inhale the tobacco-smoke 
released in the environment, The stream of smoke coming out from the burning 
cigarette is particularly dangerous for the passive smokers. So smoking in public 
places should be banned, 

Smoking is a major risk factor for many diseases of which the most dangerous 
ones are—[1] cancer (specially lung cancer), [2] coronary (or ischemic) heart disease, 
[3] respiratory diseases like bronchitis, emphysema, COPD (chronic obstructive 
pulmonary disease) etc. Tobacco smoke contains various kinds of toxic materials 
including carcinogens present in the tar, nicotine, carbon monoxide (CO), ciliotoxins 
etc. Carcinogens (compounds producing cancer) and nicotine affects more or less all 
the body systems. CO gas impairs O; transport by combining with hemoglobin. 
Ciliotoxins damage cilia of the Tespiratory tract paving the way for bacterial infection. 
Both active and passive smoking are injurious to health ; obviously active smoking 
is more dangerous. The risk of smoking related diseases depends on the number of 
cigarettes smoked per day and the number of years of smoking. The chance of 
smoking related diseases is increased further if a smoker consumes alcohol regularly. 
The habit of smoking is responsible for large number of premature middle age deaths 
due to cancer, stroke etc. The habit of smoking often begins in adolescence as a 
symbol of adult behaviour, There is evidence that the earlier a person begins to 
smoke, the greater is the chance of life-threatening diseases. Smoking has a slow 
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poisoning effect. Because of the long delay between the cause and the full effect, 
young smokers usually do not realise the ill effects of smoking until they reach 
middle age. By this time, they become so much addicted to smoking that they cannot 
give up the habit easily. 


4.10. Common Respiratory Diseases And Their Causes 


4.10.1. ASTHMA 

The term asthma is applied loosely to a respiratory disease characterised by 
dyspnoea (i.e., difficult and distressed breathing). Asthma can be of two types— 
bronchial asthma and cardiac asthma. Bronchial asthma is produced by 
bronchospasm (i. e., narrowing of the bronchial tree), whereas cardiac asthma 
occurs due to dysfunction of heart (e. g., left ventricular failure leading to pulmonary 
oedema). However, the term asthma is commonly used to indicate specifically the 
bronchial asthma which is a disease of the respiratory system. So the present discussion 
will be restricted to bronchial asthma only. 

Bronchial asthma is a disease of airways which is characterised by increased 
responsiveness of the tracheobronchial tree to a variety of stimuli resulting in 
widespread spasmodic narrowing of the air passages. It is an episodic disease in 
which episodes of bronchospasm with dyspnoea lasting for minutes or hours alternate 
with symptom free periods. However, a severe and unremitting form of the disease 
termed status asthmaticus may prove fatal. In bronchial asthma, narrowing of air 
passages (bronchi and bronchioles) is caused by—[1] constriction of these tubes 
due to contraction of smooth muscles present in their walls and [2] inflammation 
and oedema of the mucosa of the tubes with secretion of thick mucus in their 
lumen so that small bronchioles are blocked. As a result of this, the airway resistance 
and the work of breathing are greatly increased. So, much voluntary effort is needed 
for breathing. This ultimately leads to a sense of fatigue and discomfort. Due to 
narrowing of airways in bronchial asthma, following symptoms develop : 
[1] Dyspnoea or difficulty in breathing ; expiration becomes more difficult than 
inspiration because the airway is further compressed during expiration. [2] Wheezing 
or production of a whislting sound during breathing, especially during expiration. 
[3] Reduction is alveolar ventilation leading to anoxia (lack of oxygen in body). 

Based on the causative agents initiating the disease, bronchial asthma may be of 
two types—[1] atopic and [2] non-atopic. 

[1] Atopic (or allergic) asthma : It is the most common type of asthma. It 
usually begins in childhood or in early adult life. It is often caused by some antigenic 
substances called ‘allergens’ to which the patients are hypersensitive. Most of these 
allergens cause ill-effects by inhalation e. g., dusts, fumes, gases, pollens, animal 
danders, moulds etc. Certain foods may also contain allergens producing asthma. 
When the allergens enter the body, they produce allergic reactions in the airway 
mucosa and release certain chemical substances ¢.g., histamine, leukotrienes, 
prostaglandins etc., which cause constriction, inflammation and oedema of the airway. 


[2] Non-atopic (or idiosyncratic) asthma : It develops later in adult life. It is 
not associated with allergy. This type of asthma usually occurs due to viral infection 
of the respiratory tract producing inflammation and narrowing of the air passages. 
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Bronchial asthma may be relieved spontaneously or by therapy. Avoidance of 
specific allergens is necessary to prevent onset of the disease in allergic patients. 
Treatment with anti-inflammatory agents (e.g., steroids), bronchodilators (e.g., 
salbutamol) and oxygen inhalation gives temporary relief. 


4.10.2. TUBERCULOSIS 


Tuberculosis, commonly called TB, is one of the oldest diseases known to affect 
human beings. It is an infectious disease responsible for loss of many lives every 
year, being especially prevalent among poor people living in dingy, congested slum 
areas. The disease is caused by a small rod-shaped bacterium (bacillus), 
Mycobacterium tuberculosis, which is commonly called tubercle bacillus or Koch’s 
bacillus (named after discovery of the organism by Robert Koch in 1882). The 
bacteria of tuberculosis may invade any part of the body where they multiply rapidly 
and destroy the tissues. They primarily infect the lungs where tubercles (small 
rounded nodules) are formed due to tissue damage and fibrosis ; hence the disease 
is so named, The tubercle bacilli release a toxin called tuberculin. The disease 
spreads mainly due to inhalation of the organism present in cough droplets or 
sputum discharged by an infected person. The disease may also be transmitted from 
an infected mother to her baby through placenta or milk. The disease also affects 
animals like cattle. Ingestion of milk of diseased cows may produce the disease if 
the milk is not properly boiled. The incubation period (i.e., the time from receipt 
of infection to development of the disease) is variable and may be weeks, months 
or years depending on different factors. Tuberculosis bacteria are so wide spread that 
many people may develop minor infections without any symptom. However, most of 
these people overcome such minor infections without knowing that they had the 
infection. But if body resistance is low, the infection spreads to damage the lung 
tissue extensively producing the active stage of the disease. 

The symptoms of pulmonary tuberculosis are fever, cough, night sweat, anorexia 
(loss of appetite), weight loss, general weakness, chest pain and hemoptysis (presence 
of blood in sputum). Diagnosis of the disease is made on the basis of chest X-rays, 
sputum test, tuberculin test (Mantoux skin test) etc. Treatment of tuberculosis is 
based on rest, good diet, drug therapy, rehabilitation and health education. The 
antituberculosis drugs used commonly are rifampicin (RMP), isoniazid (INH), 
streptomycin, pyrazinamide, ethambutal etc. Complete course of drug therapy is very 
important to prevent relapse of the disease. BCG (Bacillus calmette guerin) vaccination 
gives considerable protection from the disease. Various government and non- 
government organisations are working for an effective control and eradication of 
tuberculosis from our country. To achieve this goal attempts are being made for— 
[1] providing BCG vaccination to all newborn babies as a preventive measure, and 
[2] detection and proper treatment of every patient as a curative measure. Success 
of such programmes depends on public consciousness. 


4.10.3. LUNG CARCINOMA 


Lung carcinoma or lung cancer means development of malignant tumor in the 
lung. It is the most common form of cancer. It is a disease of middle aged and old 
people and is more common in males. Lung carcinoma usually arises from uncontrolled 
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abnormal growth of the epithelium or mucous glands of bronchi or bronchioles. So, 
Jung cancer is also termed bronchogenic (or bronchial) carcinoma. It then usually 
spreads all over the lung through the wall of the bronchial tree. Such tumors obstruct 
the respiratory passages and cause collapse of lungs with secondary infections. The 
pulmonary tumor may directly spread to adjacent tissues like pleura, heart, chest wall 
etc. Some tumor cells may break away and spread to other tissues through lymph or 
blood (metastasis) causing secondary tumors which disrupt functioning of the affected 
tissues, ultimately leading to death. 

The incidence of lung cancer is associated with a number of risk factors (causes): 
[1] Smoking—It is the most important cause of lung cancer due to the tar content 
of the tobacco smoke which contains a number of carcinogenic materials. The risk 
of lung cancer varies directly with the number of cigarettes smoked. Passive smokers 
are also at high risk. On giving up the habit of smoking, the risk declines and 
becomes same as that of a non-smoker after 10 years. [2] Atmospheric pollution— 
The incidence of lung cancer is higher in industrialised and smoky urban area than 
in less polluted rural areas. [3] Occupational factors—Occupational exposure to 
asbestos, radiation (especially radioactive gases), arsenic, nickel, chromates, metallic 
iron oxides etc., increases the risk of lung cancer. [4] Dietary factors—Vitamin A 
deficiency increases the suceptibility of smokers to lung cancer. [5] Pulmonary 
fibrosis—Carcinoma may arise from old scar tissue present in the lung due to 
tuberculosis or other chronic inflammatory lung diseases. [6] Genetic factors— 
Relatives of lung cancer patients are at higher risk of developing the disease. 

The symptoms of lung cancer at an early stage are—cough, breathlessness, 
hemoptysis, lung infections, chest pain, anorexia, loss of weight, fever etc. Since 
these symptoms are more or less same as those of other common pulmonary diseases, 
it is not easy to distinguish lung cancer from other respiratory diseases at an early 
stage. When metastasis occurs, various other symptoms develop but by this time the 
disease is in advanced stage and beyond cure. However, a change in the cough 
pattern of a smoker, purulent sputum, recurrent lung infections (pneumonia) etc., 
may indicate the possibility of lung cancer. Diagnosis of lung cancer is based on 
chest X-rays, microscopic examination of sputum, bronchoscopy, lung scanning and 
biopsy. Treatment of lung cancer is based on surgery (before metastasis), radiotherapy 
and chemotherapy. However, success of the treatment is very limited and depend on 
how early the case is detected. Such treatments can only extend the life of the patient 
for a few months, So, avoidance of the risk factors, particularly smoking, is most 
important for preventing the onset of lung cancer. 


4.11. Some Abnormalities Of Respiration 


4.11.1. HYPOXIA OR ANOXIA 

Hypoxia means lack or deficiency of O in the body. Thus, hypoxia is defined 
as a condition in which O; supply to the tissues is decreased and the tissues suffer 
from deficiency of Oz. Anoxia literally means no O; in the body i.e., a condition in 
which there no Oz supply to the tissues. Often the term anoxia is used to mean 
hypoxia but this is not correct. In living condition, deficiency of O may occur in 
the body due to various reasons but true anoxia does not occur ; so hypoxia is the 
more appropriate term to denote deficiency of Oꝛ in the body. However, the two 
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terms hypoxia and anoxia are still used synonymously. Based on the cause, hypoxia 
may be of four types : [1] Hypoxic hypoxia (or anoxic anoxia) i.e., hypoxia due 
to availability of less O, in the lungs. [2] Anaemic hypoxia i.e., hypoxia due to 
deficiency of haemoglobin in blood. [3] Stagnant (or hypokinetic) hypoxia-i.e., 
hypoxia due to slowing of blood flow (speed of circulation). [4] Histotoxie (or 
cytotoxic) hypoxia-i.e., hypoxia due to inability of the tissues to take up and utilize 
Oz, caused by inactivity of the enzymes responsible for utilization of O2. 


4.11.2. APNOEA 


Apnoea (also written as apnea) means temporary cessation of breathing. It may 
occur voluntarily due to breath holding or reflexly due to swallowing of food or 
water, fall of blood CO, level, rise of blood pressure, injection of adrenalin etc. 
Apnoea during swallowing (deglutition apnoea) helps to prevent entry of food particles 
into the respiratory tracts during feeding. 


4.11.3. DYSPNOEA 


Dyspnoea (also written as dyspnea) means a condition of difficult and distressed 
breathing when the subject is aware of the need of breathing more. Normal breathing 
is an automatic reflex phenomenon for which no voluntary effort is needed, Thus, 
a person normally breathes without being aware of the need to breath. When due to 
any reason breathing becomes difficult and associated with a sense of distress due 
to the voluntary effort given for it, the condition is called dyspnoea. Dyspnoea may 
be physiological, pathological and psychological. Physiological dyspnoea occurs in 
severe muscular exercise when the person has to breath more to fulfil the metabolic 
needs, Pathological dyspnoea occurs in asthma, COPD (chronic obstructive 
pulmonary disease), pneumothorax, emphysema and other respiratory diseases as 
well as heart failure. Psychological dyspnoea may occur in certain emotional states 
e.g., anxiety, panic, excitement etc. 


4,12. Mountain Sickness And Acclimatization 


4.12.1. MOUNTAIN SICKNESS 


At high attitude of mountain tops, although the percentage of O; in the atmosphere 
is same as that at sea level, the atmospheric pressure is low. So, less O; is available 
for breathing. If a low lander (i. e., a person dwelling at sea level) ascends to high 
altitude of a mountain, the person suffers from lack of O, and develops hypoxia 
(hypoxic hypoxia). Upto the height of 10,000 feet, the problem is not so alarming. 
But above this height (from about 12,000 feet), the person shows some abnormal 
symptoms of hypoxia, this is known as mountain sickness (or altitude sickness), 
Thus mountain (or altitude) sickness can be defined as the sickness occurring due 
to hypoxia at high altitudes. The symptoms of mountain sickness are—headache, 
drowsiness, dizziness, nausea, dyspnoea, anorexia, palpitation, mental fatigue, error 
of judgement, muscular inco-ordination etc., resembling alcohol intoxication. In severe 
cases, there may be loss of consciousness and even death. In case of slow ascent to 
high altitude (i.e. in mountaineering), the sickness is less severe. But in case of 


quick ascent to high altitude through aeroplane, the sickness is very acute and 
severe. 
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4.12.2. ACCLIMATIZATION 


When a person ascends to high altitude slowly and stays there for somedays, 
certain compensatory and adaptive changes occur in the body which enable the 
person to cope with the hypoxic environment ; this is called acclimatization. When 
the person is acclimatized, the symptoms of mountain sickness disappear. Thus, 
acclimatization can be defined as the physiological adjustment of the body to suit 
the hypoxic environment at high altitude. Acclimatization requires sufficient time. 
For this reason, the mountaineers climb very slowly and make camps at various 
heights where they stay for some days before going to the next point. Acclimatization 
is not possible in rapid ascent to high altitude through aircraft. 

The process of acclimatization involves certain physiological changes in the body 
to maintain O supply to tissues so that the subject may get rid of hypoxia and 
survive in a rarefied atmosphere containing less Oz. These changes are of two 
types—immediate and delayed as described below. 

Immediate changes : These are temporary compensatory changes caused by 
neural or endocrinal regulatory mechanisms clicited as soon as hypoxia develops in 
the body. They include : [1] Changes in respiration Increase in rate and depth of 
breathing and thus pulmonary ventilation is raised. [2] Changes in cardiovascular 
system—Increase in heart rate, cardiac output and blood pressure to raise the speed 
of circulation and blood flow through tissues. [3] Changes in blood—Stimulation 
of erythropoiesis in bone marrow and contraction of spleen to release more RBCs 
in the circulating blood ; thus blood volume and PCV are raised to increase the O2 
carrying capacity of blood. [4] Change in urine—Due to increased breathing, more 
CO; is expelled from blood which causes alkalosis ; so, kidney excretes alkaline 
urine instead of the normal acidic urine. . 

Delayed changes : These are permanent adaptive changes requiring much longer 
time to occur, They include: [1] Respiratory changes—Increase in the size of chest 
and lungs and also the efficiency of respiratory muscles ; so, vital capacity is 
permanently increased. [2] Cardiovascular changes—Hypertrophy of heart dué2to 
increase in its musculature, increase in myoglobin content in heart muscle, increase 
in number and diameter of capillaries in different tissues including lungs. 
[3] Haematological changes—Transformation of yellow bone marrow to red bone 
marrow for production of more RBCs ; so, RBC count becomes very high 
(polycythemia). [4] Cellular changes—Increase in intracellular oxidative enzymes 
so that O can be utilized in the tissues more efficiently. 


4.13. Matters To Recollect 

Breathing is the external manifestation of respiration. 

Expansion of lungs and entry of atmospheric air into them is called inspiration. 
Squeezing of lungs and expulsion of air from it is called expiration. 

The portion of inspired air which is not utilized for gaseous exchange with blood 
is called dead space air. 

Tidal volume is the volume of air drawn in or given out during a single normal 
breathing act. 

Residual volume is the volume of air left in the lungs even after maximum forced 
expiration. 
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Vital capacity is the maximum volume of air that can be breathed out by deepest 
breathing. 
The air present in alveoli after gaseous exchange is called alveolar air. 
he expired air contains more Oz and less CO, than the alveolar air. 
r Oxyhemoglobin is a compound formed by combination of oxygen with the ferrous 
iron of hemoglobin, 
t Carboxyhemoglobin is a compound formed by combination of carbon monoxide 
(CO) with the ferrous iron of hemoglobin. 
b Carbaminohemoglobin is a compound formed by combination of CO, with the 
globin part of hemoglobin (not with the ferrous iron of heme). 
* Each gram of hemoglobin can carry 1.34 ml of 0z 
"© The arterial blood contains 19-20% O, and 48% C02. 
he venous blood contains 14-15% O, and 52% C02. 
r Mountain sickness is the illness caused by hypoxia at high altitude. 
© Acclimatization means adjustment of the body to suit the hypoxic environment 
at high altitude. 


4.14. Summary 


Respiration is externally manifested by the act of breathing which includes 
inhalation (inspiration) and exhalation (expiration). Breathing is accomplished by 
the action of certain muscles called respiratory muscles, Diaphragm and 
intercostal muscles are the chief (or primary) respiratory muscles. Contraction 
of these expands the chest and lungs as a result of which inspiration occurs. 
Relaxation of these muscles leads to a reduction in the volume of chest and lungs 
and thereby expiration, The volume of air normally taken in or expelled out is 
termed tidal volume, the value of which is 500 ml. By forced inspiration, an 
additional 2000-3000 ml of air can be inhaled (inspiratory reserve volume). By 
forced expiration, about 750-1000 ml of air can be expelled from the lungs after 
normal expiration (expiratory reserve volume). Even after maximum forced 
expiration, about 1200 ml air is left within the lungs (residual volume). Total 
volume of air that can be expired after a maximum inspiration is called vital 
capacity (average value 3000-5000 ml). Thus the total lung capacity (e., vital 
capacity + residual volume) is about 6 litres. The volume of inhaled air which is 
not available for pulmonary gaseous exchange is called dead space air. The 
conducting zone of respiratory tract (ie, from nose to beginning of respiratory 
bronchioles) forms the anatomical dead space. The physiological dead space 
means the anatomical dead space plus those alveoli which are well ventilated but 
have poor blood supply. In the lungs, O; is absorbed by the blood from the air 
inhaled into the alveoli and CO; is expelled from blood to alveoli, The purified 
blood is then carried to tissues via the heart. In the tissues, the blood gives out 
the Oz and takes up CO). The exchange of gases is governed by the laws of 
gaseous diffusion, from higher to lower pressure. O, and CO, are carried in 
blood as physical solution (in plasma) only to a small extent and mainly as 
chemical compounds. Oz combines with hemoglobin in RBC to form 
oxyhemoglobin. CO, is carried mainly as bicarbonates in plasma and to some 
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extent carbamino compounds (carbaminoproteins in plasma and 
carbaminohemoglobin in RBC). 100 ml of arterial blood contains 19-20 ml O, 
and 48 ml CO) whereas 100 ml venous blood contains 14-15 ml Oz and 52 ml 
CO), After gaseous exchange in the lungs, the alveolar air becomes deoxygenated 
and enriched with CO». When the alveolar air is exhaled it is mixed with the dead 
space air so that in the expired air the percentage of O; is increased and that of 
CO) is decreased than those in the alveolar air. 

Tobacco smoking is very much harmful for health because tobacco smoke 
contains various toxic materials including nicotine and carcinogens. When a 
smoker intentionally inhales tobacco smoke, it is active smoking. But when a 
non-smoker is forced to inhale tobacco smoke released by a smoker, it is passive 
smoking. Asthma, tuberculosis (TB) and lung carcinoma are common respiratory 
diseases. Asthma is mainly caused by allergens, TB is caused by the bacterium 
Mycobacterium tuberculosis. Lung carcinoma is caused by malignant growth of 
epithelium or mucous glands of bronchi and bronchioles. Anoxia or hypoxia 
means lack of O, in the body. Apnoea means temporary cessation of breathing 
and dyspnoea is distressed breathing requiring voluntary effort. Illness due to 
hypoxia at hight altitude is called mountain sickness. Adjustment of the body to 
cope with the hypoxic environment at hight altitude is known as acclimatization, 


4.15. Some Diseases/ Disorders Of Respirator System 


[1] Apnoea (or Apnea)—Temporary cessation of breathing. 

[2] Asphyxia—Apparent or actual cessation of life due to interruption of gaseous 
exchange in the lungs. 

[3] Asthma—Difficulty in breathing due to widespread spasmodic narrowing of the 
airways (or bronchopasm). It may be of three types. 
(i) Bronchial asthma—Asthma due to increased responsiveness of the 
tracheobronchial tree to a variety of stimuli (e. g, infections, allergies etc.) resulting 
in bronchospasm. 
(ii) Cardiac asthma - Asthma (breathing difficulty) due to pulmonary edema in 
heart disease. 
(iii) Status asthmaticus—A severe and unremitting form of asthma. 

[4] Atelectasis—An incomplete expansion or collapse of pulmonary alveoli of a 

segment or lobes of a lung. 

Bronchitis—Inflammation of bronchi. It may be of 2 types: 

(i) Acute bronchitis—A type of bronchitis that develops suddenly due to viral 

infection. 

(ii) Chronic bronchitis—Long term bronchitis causing persistent or recurring 

cough with expectoration (ejection of sputum from air passages). 

[6] Bronchiolitis—Inflammation of the bronchioles. 

[7] Bronchiectasis—Chronic dilatation of one or more bronchi. 

[8] Brochiolectasis—Chronic dilatation of bronchioles. 

[9] Bronchogenic carcinoma—Cancer of the lungs which includes carcinomas 
having bronchial as well as bronchiolar origin. 

[10] Chronic obstructive pulmonary (or airway) disease (COPD or COAD)—A 
group of pathological conditions in which there is chronic, partial or complete 
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obstruction of the airways leading to reduction of air flow and functional disability 
of the lungs. 

[11] Chylothorax—Accumulation of milky fluid of lymphatic origin in the pleural 
cavity. 

[12] Cyanosis—A bluish discolouration of skin and mucous membrane due to excessive 
concentration of reduced hemoglobin in blood. \ 

[13] Dyspnoea—Distressed breathing requiring voluntary effort. 

[14] Hamartoma—A tumor like lesion composed of an abnormal admixture of 
pulmonary tissue components. 

[15] Hemothorax—Accumulation of pure blood in pleural cavity. 

[16] Hydrothorax—Accumulation of non-inflammatory serous fluid in the pleural 
cavity. 

[17] Hyperpnoea—Increased breathing. 

[18] Hyaline membrane disease or Respiratory distress syndrome—A lung disease 
of newborn caused by lack of lung surfactant, in which the lungs tend to collapse 
and cannot expand perfectly. 

[19] Idiopathic pulmonary fibrosis (or Fibrosing alveolitis)—An autoimmune 
disorder of unknown cause leading to fibrosis (or scarring) and thickening of 
alveoli. 

[20] Laryngitis—An infection of larynx usually caused by virus leading to hoarseness 
of voice or even loss of voice. 

[21] Lung abscess—A localised area of necrosis of lung tissue with suppuration. 

[22] Orthopnoea—Ability to breathe in only upright position i.e. inability to breathe 
in horizontal position. 

[23] Periodic breathing—Alternate increase and decrease of respiratory movements 
ie., alternate hyperpnoea and apnoea. 

[24] Pharyngitis—Inflammation of pharynx or throat. 

[25] Pleurisy (or Pleuritis)—Inflammation of pleura causing accumulation of different 
materials into the pleural cavity. In may be of 3 major types— 

(i) Dry pleurisy (or Adhesive pleurisy)—A variety of pleurisy with accumulation 
of a dry fibrinous exudate so that the pleural membranes become sticky. 

(ii) Purulent pleurisy (or Empyema or Pyothorax)—A type of pleurisy in which 
there is accumulation of pus in the pleural cavity. 

(iii) Wet pleurisy (or Pleural effusion)—A type of pleurisy resulting from 
infections like pneumonia, tuberculosis etc., in which there is accumulation of 
serous fluid in the pleural cavity. 

[26] Pneumoconiosis (or Pneumonoconisis)—A lung disease caused by inhalation 
of inorganic dusts, mostly at work, which results in irritation, inflammation and 
finally scarring of lung tissue. It is also called dust disease or occupational lung 
disease. It may be of various types depending on the kind of dust inhaled e.g., 
anthracosis (carbon dust free from silica), asbestosis or black lung disease (coal 
oe bagassosis (dust of cane industry), bussinosis (cotton dust), silicosis (silica 

just) etc. 
[27] Pneumonia—An acute inflammation of the lung (smallest bronchioles and 
alveolar tissue) caused by a bacterial, viral or fungal or protozoal infection leading 
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to formation of exudate in the lung so that the lung becomes consolidated 
(hardened), It may be of following types— 

(i) Double pneumonia—Pneumonia affecting both the lungs. 

(ii) Inhalation (or Aspiration) pneumonia—Pneumonia caused by inhalation 
of a foreign material into the lung. 

(iii) Lipid pneumonia—Pneumonia due to aspiration of oil into the lung. 

(iv) Lobar pneumonia—Pneumonia affecting one or more lobe(s) of the lungs 
followed by consolidation. 

(v) Lobular pneumonia (or Bronchopneumonia)—The type of pneumonia in 
which patches of lung tissues are affected leading to patchy consolidation of the 
lung. 

[28] Pneumonitis—Inflammation of the lung tissue. 

[29] Pneumothorax—Presence of air in the pleural cavity or between pleura and chest 
wall. 

[30] Tonsilitis Inflammation of the tonsils. 

[31] Tracheitis (or Trachitis)—Inflammation of the trachea due to bacterial or viral 
infection, 

(32] Tuberculosis—A chronic granulomatous infective disease caused by 
Mycobacterium tuberculosis and characterized by formation of tubercles (nodular 
lesions). 

[33] Sinusitis—A bacterial infection following a viral infection causing accumulation 
of a pus-like secretion within the nasal cavities, 


4.16. Answer To Some Special Questions 


[1] Write the normal composition of alveolar air. IJ. E. E. 1984] 
Ans. Approximately 14% O02, 6% CO, and 80% N3. 
[2] What is tidal air ? [J.E.E. 1985] 


Ans. Tidal air (or tidal volume) is the volume of air inspired or expired during a 
single normal breathing act at rest. Its normal value is 500 ml. 
(a) Mention the different organs included in the respiratory system. 
(b) What are the compartments of lung air ? (c) What is the percentage of 
oxygen in inspired, alveolar and expired air ? [J.E.E. 1986] 
Ans. (a) Organs of respiratory system—{i] Nasal cavity, [ii] Nasopharynx, [iii] 
larynx, [iv] Trachea, [v] Bronchi and [vi] Lungs. 
(b) Compartments of lung air—[i] Tidal volume, [ii] Inspiratory reserve 
volume, [iii] Expiratory reserve volume, [iv] Residual volume, 
(c) Percentage of O,—Inspired air 20.9%, (20-21%), Alveolar air 13.1% (13- 
14%) and expired air 15.3% (15-16%). 
[4] (a) Define vital capacity. (b) What is the difference between pulmonary 
ventilation and alveolar ventilation ? IJ. E. E. 1988] 
Ans. (a) Vital capacity is the volume of air that can be breathed out by maximum 
forced expiration after a maximum inspiration. 
(b) Pulmonary ventilation means the volume of air entering into the lungs in a 
given time (ie. per unit time) whereas the alveolar ventilation means the volume 
of air entering into the alveoli per unit time, Pulmonary ventilation and alveolar 
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ventilation for a given time are not same because the entire volume of pulmonary 
ventilation does not enter into the alveoli and a portion of it is held in bronchus 
and bronchioles. Thus alveolar ventilation is lower than pulmonary ventilation. 
(a) What is the main muscle of inspiration ? (b) Explain the mechanism of 
quiet and forced expiration. [J.E.E. 1989] 
(a) Diaphragm. 

(b) Quiet expiration—lIt is brought about by passive reversal of process of 
quiet inspiration. For this, the diaphragm and the intercostal muscle that were 
contracted during inspiration are relaxed so that the chest cavity decreases in 
volume and the lungs are compressed to expel air from them. 

Forced expiration—It is brought about by active contraction of certain 
accressory expiratory muscles in addition to the normal process of quiet 
expiration. Such accessory muscles include abdominal muscles like transversus, 
rectus and oblique and the back muscle latissimus dorsi. For forced expiration, 
these muscles are contracted forcefully to compress the thoracic cavity and lungs. 
(A) What is the % of oxygen in—(a) inspired air at (i) sea level, (ii) 10,000 ft 
high altitude, (b) expired air, (c) alveolar air ? (B) How much oxygen is 
carried out by 100 ml of (i) arterial blood (ii) venous blood 2 (C) Why there 
is difficulty in respiration at 10,000 ft altitude ? [J.E.E. 1991] 
(A) (a) (i) 20-21% (ii) 20-21% (b) 15-16% (c) 13-14% (B) (i) 19-20 ml 
(i) 14-15 ml. (C) At 10,000 ft altitude, as the air is rarefied and the atmospheric 
pressure as well as the partial pressure of O2 (pO>) is reduced. As a result of 
this, during breathing, less air enters into the lungs and less O2 diffuses into the 
blood and hence respiration becomes difficult. 

Explain the following : (a) Tidal volume, (b) Inspiratory reserve volume. 
(c) Expiratory reserve volume. IJ. E. E. 1991] 
(a) See answer to Q-2. 

(b) Inspiratory reserve volume is the volume of air that can be breathed in by 
maximum effort after the end of normal inspiration. 

(c) Expiratory reserve volume is the volume of air that can be breathed but by 
maximum effort after the end of normal expiration. 

(a) If we try to breathe in an out through a long tube- will it be easy ? Why? 
(b) What is the percentage of CO; in inspired air and expired air ? 
(c) What are the functions of CO, in our body ? IJ. E. E. 1993] 
(a) No, it will not be easy because during breathing, the air trapped within the 
tube will add to the dead space. Thus, the dead space air will increase and less 
air will be available for gaseous exchange in the alveoli. So, we shall have take 
more air by extra effort (forced breathing) for normal function. 

(b) The percentage of CO, in inspired air is 0.04% and that in expired air is 4%. 
(e) CO, performs the following functions in our body : (i) Forms HzCOz. 
(ii) Helps in acid-base balance by the kidneys. (iii) Stimulates the respiratory 
and vasomotor centres for maintenance of respiration and blood pressure. 
(iv) Takes part in production of acidic urine. 

(a) What is surfactant ? (b) How much air pressure is seen within the lungs 
of man? [J-E.E. 1994] 
(a) Surfactant is a lipoprotein containing the phospholipid dipalmity! lecithin 
secreted by the lamellar bodies of the great alveolar cells lining the alveoli. It 
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has the unique property of reducing surface tension of the intra-alveolar fluid 
for keeping the alveoli open and prevents their collapse. 

(b) 760 mm of Hg (i.e. 1 atmosphere). 3 

(a) What is chloride shift ? (b) Why more carbonic acid is formed within 
RBC than plasma ? (c) How much oxygen is carried by 1 g of haemoglobin? 
(d) How many molecules of oxygen are carried by a molecule of 
haemoglobin ? [J.E.E. 1994] 


. (a) During uptake of CO; by blood from tissues, CO, diffuses from tissues to 


plasma and then into the RBCs, Within the RBC, due to the presence of carbonic 
anhydrase, the CO, forms HyCO3 which ionizes into H* and HCO; . The RBC 
membrane is permeable to negative ions. So, the HCO} passes out from the 
RBC to plasma in exchange of entry of CI into the RBC from plasma. This 
phenomenon of entry of CI” from plasma to RBC in exchange of HCO; is called 
chloride shift. 

(b) More carbonic acid is formed within RBC than in plasma because of the 
presence of abundant quantity of the enzyme carbonic anhydrase in RBC. 

(e) 1.34 ml of O; is carried by 1g of haemoglobin. 

(d) 4 molecules of O, are carried by one molecule of haemoglobin. 

What is the percentage of oxygen in alveolar air and expired air ? Is their 
any difference, why ? [J.E.E. 1994] 


. Percentage of Oy in alveolar air is 13-14% and that in expired air is 15-16% 


approximately. Thus, the expired air contains more O; than alveolar air, This is 
due to admixture of alveolar air with the dead space air before it comes out as 
the expired air. 
Explain the following : (a) We can hold our breath for about 40-50 sec only. 
(b) At higher altitude, (i) respiration is hurried, (ii) RBC count is increased. 
[J.E.E. 1995] 
(a) We can hold our breath for 40-50 sec only because by this time the blood 
level of CO, becomes high enough and stimulates the respiratory centre to restore 
breathing. 
(b) [i] At higher altitude, due to low atmospheric pressure, hypoxia develops in 
the body which stimulates the respiratory centres through the chemoreceptors 
of carotid and aortic bodies. 
ii] At higher altitude, due to hypoxia, the renal erythropoietin system is stimulated 
which in turn stimulates erythropoiesis in the red bone marrow. Moreover, 
hypoxia causes stimulation of chemoreceptors which by stimulating the 
sympathetic system causes contraction of spleen for releasing the RBCs stored 
in it into the circulation. 
(a) Mention the names of two inspiratory muscles. (b) What is dead space 
air ? What is its value in a normal adult male ? (c) Name the respiratory 
centres and mention their location in the brain stem. [J.E.E. 1995] 


„ (a) Diaphragm, External intercostal, Serratus anterior, Levatores costarum 


(Mention any two). 

(b) The portion of the inspired air occupying the so called ‘conducting zone’ of 
the respiratory tract (i. e., other than alveoli and respiratory bronchioles) which 
does not participate in gaseous exchange is called dead space air. Its value in 
normal adult males is about 150 ml. 
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Name of the respiratory centres Location in brain stem 


Pneumotaxic centre and Apneustic centre Pons 
Inspiratory centre and Expiratory centre........... Medulla 


(c) 


(a) Define vital capacity. (b) Name the instrument by which vital capacity 
is measured. (c) What is ventilation perfusion ratio ? (d) What will be the 
effect of raised CO, concentration in the arterial blood on respiratory rate? 

[J.E.E. 1997] 


(a) See answer to Q. 4 (a). 
(b) Spirometer. 
(e) Ventilation perfusion ratio is the ratio between the total volume of alveolar 
ventilation in one minute and the cardiac output in the same time (i. e., minute 
volume). Its normal value in adult humans is 0.8 (since alveolar ventilation per 
minute is 4 litres and minute volume is 5 litres). The gaseous interchange depends 
markedly on the uniform ventilation to blood flow ratio. It means that each 
alveolus must be perfused with proper volume of blood. 
(b) Rise of CO; concentration in the arterial blood will stimulate the respiratory 
centre and increase the respiratory rare. 
What is the amount of tidal volume and dead space air in man ? 

IJ. E. E. 1998] 
Tidal volume- 500 ml. Dead space air- 150 ml. 
(a) What is the percentage of oxygen in inspired air ? (b) What is the 
percentage of oxygen in expired air ? (c) What is the vital capacity of an 
adult man? (d) How does CO, enter the lungs from blood? (e) How does 
O; enters the blood from the lungs ? (f) Name the membrane enveloping 
the lungs. [J.E.E. 1999] 


. (a) 20-21 ml%. 


(b) 15-16 ml. 

(c) 44.8 litres. 

(d) CO, enters from blood to lungs by the process of diffusion because of the 
pressure gradient. The pCO, of pulmonary capillary blood is higher (46 mm 
Hg) than that of the air within alveoli of lungs (40 mm Hg). Thus, CO, diffuses 
from blood to Jung. 

(e) Oz enters from lungs (pO 100 mm Hg) to blood (pO3 40 mm Hg) by diffusion 
due to the pressure gradient. 

(f) Pleural membrane. 

Why is the chloride concentration inside RBC in yenous blood greater than 
that in RBC of arterial blood ? [J.E.E. 2002] 
When arterial blood is converted to venous blood in the tissues, CO; is absorbed 
by blood from tissues. The CO forms HyCO3 within RBC. The HyCO; ionizes 
into H* and HCO}. Then due to chloride shift, the HCO3 comes out from RBC 
to plasma in exchange of entry of Cl from plasma to RBC. The whole process 
is reversed in the lungs where the venous blood is converted to arterial blood. 
During this, HCO3 enters into RBC from plasma and CI is expelled out from 
RBC to plasma. This is why the RBC in venous blood contains more CI" than 
that in arterial blood. $ 


[19] 
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From where and how is the respiratory rhythm generated in human body? 
IJ. E. E. 2005] 

The respiratory rhythm is generated in the respiratory centres of the brain. The 

apneustic centre located in lower pons region generates the inspiratory drive 

which causes inspiration. As the inspiration occurs, impulses from pulmonary 

stretch receptors as well as the pneumotaxic centre (in uppen pons) inhibit the 

apnenstic centre to switch off the inspiratory drive. As a result of this expiration 

occurs. As soon as the lungs deflate in expiration, the inhibitory signals disappear 

and the apnenstic centre resumes to generate the inspiratory drive. 

Why the trachea contains cartilaginous rings ? 

The cartilatinous rings render the tracheal tube rigid so that it does not collapse 

and may allow a smooth flow of air through it. 

Explain why :-(i) in normal quiet breathing, inspiration is an active process 

but expiration is a passive process ; (ii) both forced inspiration and forced 

expiration are active processes. 

(i) Normal quiet inspiration is brought about by contraction of primary respirtory 

muscles (diaphragm and intercostal muscles) which is an energy expending 

process ; hence, it is an active process. Conversely, normal queit expiration is 

accomplished by relaxation of the aforesaid muscles which does not require 

energy expenditure. Hence, it is a passive process. 

(ii) Both forced inspiration and expiration require contraction of certain accessory 

respiratory muscles and energy expenditure, hence they are active processes. 

Why breathing is difficult after a heavy meal or if the belt is tight ? 

During inspiration, the diaphragm descends down. But after a heavy meal or if 

the belt is tight, the diaphragm cannot descend fully. So, normal inspiration is 

not possible and breathing becomes difficult. 

Why the percentage of CO; is less in expired air than in alveolar air? 

During expiration, since the alveolar air is mixed with the dead space air having 

lower percentage of CO), the CO, percentage of the expired air is reduced from 

that of the alveolar air. 

How much of CO; is carried by 100 ml arterial blood and 100 ml venous 

blood ? 

100 ml arterial blood contains 48 ml of CO, and 100 ml venous blood contains 

52 ml CO). 

Which gas is present in highest concentration in the arterial blood ? 

CO). 

In what forms CO; is carried by blood ? 

[i] As physical solution in plasma. 

[ii] As chemical compounds namely (a) bicarbonate in plasma, 

(b) carbaminoprotein in plasma and (c) carbaminohemoglobin in RBC. 

What are the chemical compounds formed by combination of hemoglobin 

with (i) Oz and (ii) CO2 2 

(i) O combines with the iron of the heme part of hemoglobin to form 

oxyhemoglobin. 

(ii) CO, combined with the globin part of hemoglobin to form 

carbaminohemoglobin. 
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What are oxyhemoglobin and carboxyhemoglobin ? 


Ans. Oxyhemoglobin is a loose chemical compound formed by combination of O2 


with the ferrous iron of the heme portion of hemoglobin. 
Carboxyhemoglobin is a more stable compound formed by combination of CO 
(carbon monoxide) with the ferrous iron of the heme portion of hemoglobin. 


[28] What do you mean by the following terms ? 


(a) hypercapnia, (b) spirogram, (c) spirograph, (d) spirometer. 


Ans. (a) Hypercapnia means excess of carbon dioxide in blood. 


(b) Spirogram is a graphical recording of respiratory volume changes in relation 
to time: 

(e) Spirograph is the apparatus for recording spirogram. 

(d) Spirometer is an instrument for measuring the volume of air taken into and 
expelled from the lungs. 


[29] Which one of active smoking and passive smoking is more harmful and 


why ? 


Ans. Active smoking is more harmful because in this, the tobacco smoke is directly 


inhaled in undiluted form, But in passive smoking, the smoke is diluted in the 
atmosphere before it is inhaled. 


eee eee EXERCISE See eee 


@ A. 
[1] 
[2] 
[3] 


[4 


[5] 
[6] 
17) 
[8] 
[9] 
[10] 
[11] 
[12] 


(13) 


Long answer type or essay type: 
Describe the structure of human respiratory tracts, (Ans. 4.2) 
Describe the process of inspiration and expiration. H. S. 1981] (Ans. 4.4) 


Describe how Os is carried from lungs to tissues of the body. 
[H.S. 1989, 96; Tripura H.S. 1993] 
Or, 
Describe briefly the process of oxygen transport from lungs to body tissues. 
JE. E. 2003] (Ans. 4.8) 
Describe how CO) is carried to lungs from different tissues of human body. 
(HLS. 1988] (Ans. 4.8) 
Mention the difference in composition of inspired, alveolar and expired air and explain the 


reasons for it. (Ans. 4.7) 
Write what is meant by tidal volume, vital capacity, residual volume and dead space mentioning 
the normal values of these in man. [H.S. 1990] (Ans. 4.5; 4.6) 


(a) Name the main inspiratory muscles. (b) Explain the mechanism of quiet and forced expiration. 
[J.E.E. 1989] (Ans. 4.16. Q-5) 
(a) Explain the following-tidal volume, inspiratory reserve volume and expiratory reserve 


volume. [J.E.E. 1991] (Ans. 4.16, Q-7) 
Define vital capacity. What is the difference between pulmonary ventilation and alveolar 
ventilation ? [J.E.E. 1988] (Ans. 4.16, Q-4) 


Compare the composition of expired air and inspired air. [Tripura H.S. 1991] [Ans. 4.7] 
(a) If we try to breathe in and out through a long tube, will it be easy ? why ? (b) What is the 
percentage of CO, in inspired air and expired air ? (c) What are the functions of CO. in our 
body ? IJ. E. E. 1993] (Ans. 4.16, Q-8) 
(a) What is surfactant ? (b) How much air pressure is seen within the lungs ? 

[J.E.E. 1994] (Ans. 4.16, Q-9) 
(a) What is chloride shift ? (b) Why more carbonic acid is formed within RBC than plasma ? 
(c) How much oxygen is carried by 1g haemoglobin ? (d) How many molecules of oxygen is 
carried by a molecule of haemoglobin ? IJ. E. E. 1994] (Ans. 4.16, Q-10) 
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What is dead space? What happens when CO3 enters into the blood vessel ? 
II. S. 1995] (Ans. 4.6 ; 4.8) 
Explain the following : (a) We can hold our breath for about 40-50 secs only. (b) At higher 
altitude (i) respiration is hurried, (ii) RBC count is increased. 
[J.E.E. 1995] (Ans. 4.16, Q-12) 
Why is chloride concentration inside RBC in venous blood greater than that in RBC of arterial 
blood ? [J-E.E. 2002] (Ans. 4.16, Q-17) 
From where and how is the respiratory rhythm generated in human body ? 
[J.E.E. 2005] (Ans. 4.16, Q-18) 
Discuss briefly the functions of respiration. II. S. 1995] (Ans. 4.3) 
What do you mean by active and passive smoking ? Why smoking is injurious to health ? 
(Ans, 4.9) 
What is bronchial asthma ? What are its characteristic features (symptoms) and causes ? 
(Ans. 4.10.1) 
Write briefly what you know about tuberculosis. (Ans. 4.10.2) 
What is lung carcinoma ? Discuss the causes (or risk factors) of the disease. (Ans. 4.10.3) 
What do you mean by mountain sickness and acclimatization to high altitude ? Discuss the 
changes occurring in the body for acclimatization to high altitude. (Ans. 4.12) 
What do you mean by anatomical and physiological dead spaces ? What are their significance? 
(Ans. 4.6) 
What is dead space ? Discuss briefly the transport of carbon dioxide from tissues to lungs. 
[H.S. 2006] (Ans. 4.6 ; 4.8) 


Short answer type : 
Write the normal composition of alveolar air. [J.E.E. 1984] (Ans. 4.7) 
(a) Mention the organs included in respiratory system. (b) What are the compartments of lung 
air 2 (e) What is the percentage of oxygen in inspired, alveolar and expired air ? 
[J.E.E. 1986] (Ans. 4.16, Q-3) 
What do you mean by breathing ? What is the normal respiratory rate ? (Ans. 4.1 ; 4.4) 
What are the compounds of hemoglobin with Oz and CO, ? (Ans, 4.8) 
Does RBC take part in CO) transport ? If so explain the mechanism. (Ans. 4.8) 
In what forms O, and CO3 are carried in plasma? (Ans. 4.8) 
What is chloride shift ? Why more carbonic acid is formed within RBC than plasma ? How 
much oxygen is carried by 1 gm of hemoglobin ? [J.E.E. 1994] (Ans. 4.16, Q-10) 
Why the percentage of O3 is higher in expired air than that in alveolar air ? 
[J.E.E. 1981] (Ans. 4.7) 
Why the percentage of CO, is less is expired air than that in alveolar air ? (Ans, 4.7) 
What volume of O3 is taken in and CO, is given out by 100 ml of blood while passing through 
lungs. (Ans. 4.8) 
What is vital capacity ? What is its significance ? (Ans. 4.5) 
What are carbamino compounds ? Mention the types of such compounds formed in our body ? 
(Ans. 4.8) 
(A) What is the % of O; in (a) inspired air at (i) sea level, (ii) 10,000 ft high altitude ; (b) 
expired air; (c) alveolar air ? (B) How much oxygen is carried by 100 ml of (i) arterial blood 
(ii) venous blood ? (C) Why there is difficulty in respiration at 10,000 ft altitude? 
[J.E.E. 1991] (Ans. 4.16, Q-6) 
What is the percentage of oxygen in alveolar air and expired air ? Is there any difference, why? 
[J-E.E. 1994] (Ans. 4.7) 
(a) Mention the name of two inspiratory muscles. (b) What is dead space air ? What is its value 
in a normal adult male ? (c) Name the respiratory centres and state their locations in the brain 
stem. [J-E.E. 1995] (Ans. 4,16, Q-13) 
(a) Define vital capacity. (b) Name the instrument by which vital capacity is commonly measured. 
(e) What is ventilation perfusion ratio ? (d) What will be the effect of raised CO7 concentration 
in the arterial blood on the respiratory rate ? [J-E.E. 1997] (Ans. 4.16, Q-14) 
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What is the amount of tidal volume and dead space air in man ? 
[J.E.E. 1998] (Ans. 4.16, Q-15) 
(a) What is the percentage of oxygen in inspired air ? (b) What is the percentage of oxygen in 
expired air ? (c) What is vital capacity of an adult man ? (d) How does CO; enter the lungs from 
blood ? (e) How does O; enter the blood from lungs ? (f) Name the membrane enveloping the 
lungs. [J.E.E. 1999] (Ans. 4.16, Q-16) 
What do you mean by tidal air, vital capacity, residual volume and pulmonary ventilation ? 
[H.S. 2001] (Ans. 4.5 ; 4.16, Q-4) 


Write the significance of presence of cartilage and ciliated epithelium in the wall of trachea. 

(Ans. 4.2) 
In a subject, if physiological dead space is greater than anatomical dead space, what will you 
conclude ? (Ans. 4.6) 
Why active smoking is more harmful than passive smoking ? (Ans. 4.16, Q-28) 
Name four respiratory diseases that may be caused by smoking. (Ans. 4.9) 
What do you mean by bronchial asthma and cardiac asthma ? (Ans. 4.10.1) 
What are atopic asthma and non-atopic asthma. : (Ans. 4.10.1.) 
How the disease tuberculosis spreads among human beings ? (Ans. 4.10.2) 
Why the disease tuberculosis is so named ? (Ans. 4.10.2) 
What are the symptoms of pulmonary tuberculosis ? Name some common test for diagnosis of 
the disease. (Ans. 4.10.2) 
Define-(a) hypoxia, (b) apnoea and (c) dyspnoea. (Ans. 4,11) 
Name the different types of hypoxia. (Ans. 4.11.1) 
Mention four causes of apnoea. (Ans. 4.11.2) 
Mention the causes of dyspnoea. (Ans. 4.11.3) 
What is the cause of mountain sickness ? What are its symptoms ? (Ans. 4.12.1) 
Mention the immediate changes of acclimatization to high altitude. (Ans. 4.12.2) 
Mention the delayed changes of acclimatization to high altitude. (Ans. 4.12.2) 
What are the respiratory changes of acclimatization ? (Ans. 4.12.2) 
Mention the haematological changes during acclimatization. (Ans, 4.12.2) 
Write short notes on: 


[1] Vital capacity. (Ans. 4.5). [2] Chloride shift. (Ans. 4.8). [3] Dead space. (Ans. 4.6). 
[4] Passive smoking. (Ans. 4.9). [5] Bronchial asthma. (Ans. 4.10.1). [6] Pulmonary tuberculosis. 
(Ans. 4.10.2). [7] Lung cancer. (Ans. 4.10.3). [8] Hypoxia.(Ans. 4.11.1). [9] Dyspnoea. (Ans. 
4.11.3). [10] Mountain sickness. (Ans. 4.12.1). 


Complete the sentences with suitable words from those given in parentheses : 
Human expired air may contain % of Op. (2.09/10.9/16.9/20.9/79.1) [H.S. 1986] 


The Op % in atmospheric air is roughly - (16/20/14/25) 


The volume of air drawn in during inspiration which does not take part in respiration is called 
(tidal air/dead space air/residual air) 


The double layered membranous covering of lungs is called . (mesentary/pericardium/ 

pleura) 

The normal quiet inspiration is process. (an active / a passive) 

Percentage of CO; in alveolar air is that in expired air. (more than/less than/equal to) 
H. S. 1990] 

Percentage of O; in alveolar air is that in expired air. (more than/less than/same as) 

The tidal volume of normal adults is ml. (500/1000/1500) 

The normal respiratory rate is about per minute. (5/15/25/30) 

CO} combines with of haemoglobin. (haem/globin/iron) 

The smallest unit of lung is__(alveolus/bronchiole/trachea/bronchus) IH. S. 2006] 
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Fill in the blanks : 
Respiration (breathing) is divided into and y [H.S. 1994] 
In human lungs, gaseous exchange takes place within i [H.S. 1995] 


Inspiration is caused by of intrapulmonary pressure. 
is also called Adam’s apple. 
is called voice box. 
and are primary respiratory muscles. 
Normal quiet expiration is process. 
RBCs contain the enzyme for CO, carriage. 
Normally, the volume of dead space is about percent of tidal volume. 
In arterial blood, the percentage of gas is highest. 


F. Choose the correct answer: Multiple choice type: 
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The upper respiratory tract extends from 

(a) Nostril to pharynx. (b) Nostril to larynx. (e) Nostril to trachea, (d) Nostril to bronchi. 
Which one of the following is called wind pipe ? 

(a) Larynx, (b) Pharynx, (c) Trachea, (d) Brouchus. 

Total number of intercostal muscles is : 

(a) 11, (b) 12, (c) 22, (d) 24. 

Vital capacity equals to: 

(a) Tidal volume + inspiratory reserve volume, (b) Tidal volume + residual volume, (c) Inspiratory 
capacity + expiratory reserve volume, (d) Functional residual capacity + tidal volume. 
Normally, the physiological dead space is : 

(a) Less than anatomical dead space, (b) Equal to anatomical dead space, (c) More than 
anatomical dead space, (d) Equal to tidal volume. 

In which of the following, percentage of CO; is highest ? 

(a) Atmospheric air, (b) Inspired air, (c) Expired air, (d) Alveolar air. 

The pO; of arterial blood is: 

(a) 40 mm Hg, (b) 46 mm Hg, (c) 100 mm Hg, (d) 150 mm Hg. 

The affinity of haemoglobin for which gas is highest ? 

(a) Oz, (b) CO», (c) CO, (d) No. 

Asthma is most commonly caused by : 

(a) Bacteria, (b) Viruses, (c) Allergens, (d) Smoking. 

The most important risk factor for lung cancer is : 

(a) Smoking, (b) Atmospheric pollution, (c) Occupation factors, (d) Genetic factor. 

Which of the following enters into the lungs during inspiration ? 

(a) Oxygen, (b) Carbon dioxide, (c) Nitrogen, (d) Air. 

Which one of the following is also known as voice box ? 

(a) Vocal cords, (b) Glottis, (c) Larynx, (d) Pharynx. 

The trachea is located : z 

(a) Dorsal to oesophagus, (b) Ventral to oesophagus, (c) Lateral to oesophagus, (d) None of 
these. 

The alveolar surface is lined by : 

(a) Columnar epithelium, (b) Ciliated epithelium, (c) Stratified epithelium, (d) Squamous 
epithelium. 

During inspiration, the diaphragm: 

(a) Contracts and moves downward, (b) Contracts and moves upward, (c) Relaxes and moved 
downward, (d) Relaxes and moves upward. 

Forced breathing involves the movement of: 

(a) Primary respiratory muscles, (b) Accessory respiratory muscles, (e) Both (a) and (b), (d) 
None of these. 4 

Which of the following is an enzyme required for CO, carriage in the body ? 

(a) Carbonic dehydrase, (b) Carboxylase, (c) Decarboxylase, (d) Carbonic anydrase. 
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In bronchial asthma, breathing is difficult due to : 
(a) Paralysis of respiratory muscles, (b) Loss of elasticity of lungs, (c) Increase of airway 
resistance, (d) All these. 
Which one of the following is not an allergen causing asthma ? 
(a) Dusts, (b) Pollens, (c) Animal danders, (d) Histamine. 
Which one of the following is not an immediate change occurring during acclimatization ? 
(a) Contraction of spleen, (b) Hyperpnoea, (e) Tachycardia, (d) Transformation of yellow bone- 
marrow to red bone-marrow. 


State whether the following statements are ‘True’ or False“: 


Inflation and deflation of lungs are caused by the muscles present in lungs. 
Diaphragm is a voluntary muscle. : 

During normal inspiration, the thoracic cavity expands due to relaxation of primary respiratory 
muscles. 

The percentage of CO; is lower in expired air than that in the alveolar air. 

Each molecule of haemoglobin contains two haem units. 

Both Oz and CO, can combine with ferrous ion of haemoglobin, 

The volume of air left in the lungs after normal expiration is called residual volume. 
The tar of tobacco smoke contains carcinogens, 

Mantoux skin-test is used for diagonosis of tuberculosis. 

Asthma, tuberculosis and lung cancer are non-infections respiratory diseases. 

The tuberculosis bacillus may infect any part of the body. 

Lung cancer is also called bronchogenic carcinoma. 

Asthma can be prevented by BCG vaccine. 

Apnoea means distressed breathing. 

Hypokinetic hypoxia is also called histoloxic hypoxia. 


Answer to Q. No. D, E, F and G 


[1] 16.9. [2] 20. [3] Dead space air, [4] Pleura. [5] An active. [6] More than. [7] Less than. 
[8] 500. [9] 15. [10] Globin. [11] Alveolus. 
[1] Inspiration, Expiration. [2] Alveoli. [3] Decrease. [4] Larynx. [5] Larynx. [6] Diaphragm, 
Intercostal muscles. [7] Passive. [8] Carbonic anhydrase. 91 30. [10] CO. 

III (b). [2] Ce). [3] (c). £4] (e). [5] (b). [6] (A). [7] (c). [8] (c). £9] (c). [10] (a). [11] (d). 
[12] (c). [13] (b). [14] (d). [15] (a). [16] (©). [47] (d). [18] (c). [19] (d). [20] (d). 

[1] False. [2] True. [3] False. [4] True. [5] False. [6] False. [7] False. [8] True. [9] True. 
[10] False. [11] True. [12] True. [13] False. [14] False. [15] False. 
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Nerve and Muscle : The Excitable Tissue 


Topics Discussed : Different types of muscles, their structure and mechanism of contraction ; Properties 
of muscle ; Isotonic and isometric muscle contraction ; Receptors ; Nervous tissue—neuron and neuroglia ; 
Synapse ; Neuromuscular junction ; A few comparisons. 


5.1. Introduction 


The tissues forming the nervous system and muscles of our body are called 
nervous tissue and muscular tissue respectively. These are grouped as excitable 
tissues because a nerve cell (neuron) or a muscle cell can be excited by various 
stimuli to produce an impulse or action potential (ionic fluxes across their cell 
membranes) which is transmitted along the cell membrane. Unlike neurons, the 
muscle cells have an additional contractile mechanism which is activated by the 
impulse. Thus, neurons are specialized for transmission of nerve impulses while 
muscle cells are specialized for contraction and relaxation which are controlled by 
the nerve impulses. 

Since the muscles are meant for contraction (shortening) and relaxation 
(lengthening), their cells are elongated and thread-like. So, muscle cells are also 
called muscle fibres. By virtue of contraction and relaxation, the muscles of our 
body help in various functions : [1] Locomotion (i.e., movement of the body as a 
whole from one place to another e.g., walking, running, swimming etc.). [2] Movement 
of a particular part of the body in respect to the body itself. [3] Maintenance of body 
posture. [4] Maintenance of vital functions e.g., breathing ; pumping action of heart 
and blood flow ; food intake ; movement of visceral organs for propelling their 
contents. Production of voice and speech. [5] Production of heat for 
thermoregulation (maintenance of body temperature). 


5.2. Different Type Of Muscles 


Muscles of our body are generally classified into three types-skeletal, smooth 
and cardiac, which differ in anatomical location, histological structure and nature of 
control. 

[1] Skeletal muscles : These muscles are so named because they are mostly 
attached to bones (or skeleton) of the body and are involved with skeletal movements. 
Histologically, these muscles display a striated (or striped) appearance due to presence 
of cross (transverse) striations ; hence these are also called striated (or striped) 
muscles, Since these muscles are under voluntary control (i. e., controlled by our 
desire), they are also known as voluntary muscles. However, some striated voluntary 
muscles are exceptional in that they do not remain attached to the skeleton. Such 
non-skeletal straited voluntary muscles are found in tongue, upper end of 
oesophagus, penis, anal sphincter, external urethral sphincter etc. 

[2] Smooth muscles : Based on their histological structrue, these muscles are 
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called smooth muscles or plain muscles or non-striated muscles because they lack 
the cross-striations. As they are beyond voluntary control, they are also called 
involuntary muscles. These muscles are mostly located in the wall of the hollow 
visceral organs e.g., alimentary canal, gall bladder, urinary bladder, uterus, respiratory 
tract, spleen erc. ; hence, they are often called visceral muscles. However, such non- 
striated involuntary muscles are also present in the wall of blood vessels, dermis of 
skin (piloerector muscles) and interior of eye (ciliary muscles and muscles of iris). 

[3] Cardiac muscle : The muscle of heart is called cardiac muscle. Although 
heart is a visceral organ, the muscle present in it is not same as other visceral 
muscles ; hence, it is placed under a separate group. Cardiac muscle exhibits the 
features of both skeletal and smooth muscles partly. Structurally, it shows cross- 
striations (like the skeletal muscles) but functionally, it is involuntary (like the 
smooth muscles). So, the cardiac muscle is referred to as striated-involuntary muscle. 


5.3. Skeletal Muscle 

The main bulk of muscular tissue of our body is of skeletal type. In males, the 
skeletal muscles constitute about 40% of the body weight. There are about 656 
voluntary muscles in the human body. The skeletal muscles are attached to bones by 
means of tendons which are found at the ends of the muscles. A tendon is a cord- 
like white fibrous (non-elastic) connective tissue. Some tendons are expanded and 
flat, forming membranous sheet-like structures known as aponeuroses (sing. 
aponeurosis). 


Epimysium Perimysium 
Endomysium Sarcolemma 


Tendon 


Whole muscle Muscle 
fasciculus 


Fig. 5.1 : Organization of skeletal muscle. 


Each anatomical muscle is composed of a large number of elongated cells (muscle 
fibres) which remain parallel to the long axis of the muscle and grouped in several 
bundles (fasciculi). The whole muscle, the individual fasciculi and the individual 
muscle fibres remain invested by connective tissue coverings known as epimysium, 
perimysium and endomysium respectively. These coverings are interconnected 
forming a continuous framework which serves to bind the individual fibres together 
and to integrate their action. 


eè Structure of skeletal muscle: 


Skeletal muscle is made up of numerous muscle fibres, Each muscle fibre is a 
single elongated cell, cylindrical in shape. The fibres are unbranched, having no 
syncytial bridges in between them. The cell membrane of a muscle fibre is called 
sarcolemma. Under ordinary light (optical) microscope, the skeletal muscle fibres 
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appear to be transversely striated due to the presence of alternate dark and light 
transverse bands along their length. For 
this reason, the skeletal muscles are also 
called striated muscles. Each skeletal 
muscle fibre is multinucleated. The 
nuclei are flattened and oval or elongated 
in shape and they lie peripherally in the 
cell i.e., just beneath the sarcolemma of 
the muscle fibre. The cytoplasm of the 
muscle fibre is divisible into three parts- 
[1] sarcoplasm, [2] myofibril and [3] 
sarcotubular system. 

[1] Sarcoplasm : This is the fluid 
part of cytoplasm of muscle cells similar 
to the cytoplasm of other cells, 
containing several mitochondria, small 
Golgi bodies, endoplasmic reticulum etc. 
The smooth endoplasmic reticulum of 
muscle cells is highly developed and is called sarcoplasmic reticulum. Unlike the 
cytoplasm of other cells, the sarcoplasm of muscle cells stores glycogen (a 
polysaccharide) and myoglobin (a hemoglobin-like pigment). 

[2] Myofibril : In the sarcoplasm of muscle fibres, many special type of protein 
made fibrils remain arranged longitudinally and parallely. These are called myofibrils. 
The collection of myofibrils is called the contractile system of the muscle cell 
because they are responsible for muscle contraction. Each myofibril shows the presence 
of alternate dark and light transverse bands along its length and it appears to be 
striated. In a muscle fibre, the dark and light bands of the adjacent, parallely arranged 
myofibrils remain more or less on the same line so that the entire muscle fibre 
appears to be striated. 

Under a polarized microscope, the dark band appears to be highly refractile and 
birefringent (i. e., doubly refractive) and it is also called A-band (A for anisotropic) 
whereas the light band being less refractile and monorefringent is called I-band 
(I for isotropic). At the middle of the A-band, there is a less dark band called H- 
band whereas at the middle of the I-band, there is a dark line called Z-line. In a 
myofibril, the region between the two adjacent Z-lines is termed sarcomere. Thus, 
each sarcomere consists of a complete A-band at the middle, on either side of which 
there is a half Lband. A sarcomere is designated as the contractile (or functional) 
unit of a muscle because contraction of the whole muscle is achieved by contraction 
of its individual sarcomeres. 

Electron microscopic studies have revealed that each myofibril is made up of 
several fine protein filaments that remain arranged longitudinally and paralley in the 
myofibril. These protein filaments are called myofilaments. Myofilaments are of 
two types- thin actin filaments and thick myosin filaments. In a myofibril, the I- 
band contains actin filaments only, the A-band contains both actin and myosin 
filaments and the H-band contains myosin filaments only. In a sarcomere, each 
myosin filament remains surrounded by six actin filaments projecting centrally from 


* 


Nucleus 


Sarcolemma 


Fig. 5.2 : Histological structure of skeletal 
muscle fibres. 
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the Z-line of each side. In a relaxed muscle, 
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Fig. 5.3 : Ultrastructure of skeletal muscle (myofibril). 


extending from the Z-lines of the opposite sides. In a sarcomere, the region between 
myosin filament terminals and Z-line of each side is the half L-band where only actin 
filaments are present. The region extending throughout the length of myosin filaments 
is the A-band (where actin filaments are also present surrounding the myosin) and 
the central part of the myosin filaments (which is not covered by actin filaments) 
constitutes the H-band. 

In the myofibrils, in addition to the two chief muscle proteins, actin and myosin, 
two other proteins called tropomyosin and troponin are also found that remain 
attached to the actin filaments. These two proteins (tropomysin and troponin) help 
to hold actin and myosin filaments in position and their binding during muscle 
contraction, 

[3] Sarcotubular system: The sarcoplasm of muscle cells possess a specially 
developed system of tubules known as sarcotubular system. It is also designated as 
the conducting system of the muscle cells because it helps in transmission of impulse 
all over the muscle cells. The sarcotubular system consists of two kinds of tubules— 
transverse tubules and longitudinal tubules. 

[A] Transverse tubules-The sarcolemma of muscle fibres invaginates transversely 
at intervals to form some tubular structures ; these are called transverse tubules or 
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in short T-tubules. In mammalian skeletal muscle fibres, the T-tubules pass through 
the junction of A- and I-bands whereas in amphibian skeletal muscles, the T-tubules 
pass through the Z-lines. 

[B] Longitudinal tubules-The smooth endoplasmic reticulum of muscle cells 
are specially developed and modified into some tubules that remain arranged 
longitudinally between the adjacent T-tubules. These are called longitudinal tubules 
or in short L-tubules. The L-tubules arborize to form a reticulum (or network) at the 
centre of the sarcomere, hence they are collectively called sarcoplasmic reticulum. 
The peripheral ends of the L-tubules expand to form terminal cisternae that remain 
in contact with the T-tubules ; however there is no communication between the 
lumens of T- and L-tubules. The L-tubules store Ca** which helps in excitation- 
contraction coupling in the muscle. 


e Mechanism of contraction and relaxation of skeletal muscle : 


H. E. Huxley and J. Hanson (1954) and A. F. Huxley and R. Neidergerke 
(1954) independently proposed the sliding filament theory to explain the mechanism 
of muscle contraction. According to this theory, during contraction, in each sarcomere, 
the actin filaments surrounding the 
myosin filament approach toward the 
centre (i. e., H-band) of the myosin 
filament from either side. As a result 
of this, the adjacent Z-lines come closer 
and the sarcomere contracts (Fig. 5.4) 
and since the successive sarcomeres 
contract simultaneously, the whole 
myofibril as well as the muscle fibre 
contracts. 

Recently it has been suggested that 
the myosin filaments possess some 
hook like heads that bind with some 
active sites of the actin filaments to 
form cross-bridges. The cross-bridges Fig, 5.4 : Contraction of a sarcomere ; 
are alternately broken and reformed [A] Relaxed state, [B] Contracted state. 
very quickly in such a way that each 
head of myosin leaves one active site of actin and binds with the next site so that 
the actin filament is pulled towards the centre of the sarcomere. 

In a relaxed muscle, the active sites of actin remain covered by tropomyosin, and 
troponin helps in it. In this state, the myosin heads cannot bind with actin because 
the active sites of actin are not exposed. Contraction of a skeletal muscle is initiated 
by excitation of the motor nerve supplying the muscle. When a motor nerve is 
excited, electrical impulses are generated in the sarcolemma of the muscle fibre by 
the process of neuromuscular transmission. The impulses spread all over the 
sarcolemma, enter into the muscle fibre through the T-tubules and finally release 
Cat from the sarcoplasmic reticulum. The Ca** binds with the troponin to displace 
the tropomyosin so that the active sites of actin become exposed and bind with the 
myosin heads forming the cross-bridges. In the mean time, the Ca ions also activate 
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the enzyme adenosine-triphosphatase (ATP-ase) present in the myosin heads. The 
myosin ATP-ase splits ATP into ADP and Pi to release the energy stored in it. This 
energy helps in repeated breakdown and reformation of the cross-bridges so that the 
actin filaments are pulled inward by the myosin filaments. 


ction potential 
(impulse) 


Terminal 
cisternae 


. Myosin . Line 


Fig. 5.5 : Role of sarcotubular system in muscle contraction. 


After the contraction, the Ca ions are returned back into the sarcoplasmic reticulum 
by an active pump mechanism driven by the energy released from ATP breakdown. 
With the sequesteration of Ca“ from the contact of myofilaments, the changes that 
have taken place in the muscle fibre are stopped and reversed as a result of which 
the muscle fibre is relaxed. Thus, we see that both the processes of contraction and 
relaxation require energy derived from ATP. The mechanism of contraction and 
relaxation of muscle is summarized below : 

Contraction : Excitation of motor nerve —> Arrival of nerve impulse at the 
motor nerve terminal —> Generation of impulse in the sarcolemma through 
neuromuscular transmission and its conduction over the sarcolemma and T-tubules 
—> Release of Ca** from sarcoplasmic reticulum — Combination of Ca** with 
troponin —> Displacement of tropomyosin — Exposure of active sites of actin 
— Formation of cross-bridges between actin and myosin — Activation of myosin 
ATP-ase —> Breakdown of ATP —> Pulling of actin filaments toward the centre 
of the myosin filaments —> contraction of myofibril and the muscle. 

Relaxation : Cessation of excitation of motor nerve and neuromuscular 
transmission —> Reuptake of Ca** by the sarcoplasmic reticulum —> Covering 
of active sites of actin by the joint action of tropomyosin and troponin and inactivation 
of myosin ATP-ase —> Cessation of cross bridge formation —> Restoration of the 
original relaxed state. 


© Structural changes in a muscle during contractions : 


During contraction of a muscle, some structural (histological) changes are observed 
in it. These are as follows (Fig. 5.4) : 
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[1] The I-band is reduced. [2] Although the A-band remains unchanged as a 
whole, the H-band present within the A-band is reduced [3] The adjacent Z-lines 
come closer. - 


e@ Chemical changes in a muscle due to contraction: 


During muscular exercise and in the post exercise recovery period, a number of 
chemical changes or processes occur in the muscle. The main purpose of these 
processes is to supply energy for the muscular work, These processes are divisible 
into two categories—[1] Breakdown of ATP and [2] Regeneration of ATP. These are 
described below in brief. 

[1] Breakdown of ATP : ATP (adenosine triphosphate) is the energy currency 
of a cell ie., it is the immediate source of energy. During muscle contraction, the 
myosin ATP-ase becomes active and hydrolyzes the ATP stored in the muscle. As 
a result of this, the terminal high energy phosphate bond (~P) of ATP is split as Pi 
(inorganic phosphate or phosphoric acid) and ADP (adenosine diphosphate) is 
produced with liberation of energy. This energy causes contraction-relaxation of the 
muscle. The reaction is as follows: 


Myosin ATP-ase 
2 le a a 


ATP + H,O ATP + Pi + Energy 


[2] Regeneration of ATP : The amount of ATP stored in the muscle is very 
limited. So, with the onset of muscle contraction and ATP breakdown, resynthesis 
of ATP also begins in order to maintan a steady supply of ATP in the muscle. In 
muscles, resynthesis of ATP occurs in two ways—[A] From creatine phosphate and 
[B] From oxidation of food. 


[A] Production of ATP from creatine phosphate : In addition to ATP, muscles 
possess another high energy phosphate group (~P) containing compound called creatine 
phosphate (or phosphocreatine). This high energy compound transfers the ~P to 
ADP (derived from breakdown in ATP) to regenerate ATP and itself is converted to 
creatine, This reaction is catalyzed by the enzyme creatine phosphotransferase (or 
creatine phosphokinase ; in short CPK). 

ATP and creatine phosphate are together grouped as phosphagen compounds or 
~P containing compounds that supply ready energy for muscle contraction. Like 
ATP, the stock of creatine phosphate is also very limited in the muscles. These two 
phosphagen compounds can supply energy and maintain a muscular work for only 
a few seconds if the muscle works vigorously and rapidly. During post exercise 
resting period, the creatine is rephosphorylated to creatine phosphate by accepting 
the ~P of ATP obtained from oxidation of food. 

During exercise, when the concentration of ADP within the muscle cell is increased 
(Le., ATP : ADP ratio is decreased due to breakdown of ATP), it stimulates the 
creatine phosphotransferase reaction toward formation of ATP from creatine phosphate. 
Conversely, during the post exercise rest, when oxidation of food and thus ATP 
production is increased (ie. ATP : ADP ratio is increased), the above reaction is 
reversed to regenerate the store of creatine phosphate. The role of creatine phosphate 
in muscle contraction is shown below. 
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During exercise 


Creatine phosphate + ADP Creatine phosphotransferase Creatine + ATP 


During rest 


[B] Production of ATP from oxidation of food : The energy yielding foods i.e., 
carbohydrate, fat and protein are the ultimate source of cellular energy. However, 
muscles mainly use carbohydrates and fatty acids as the fuel and oxidize them for 
generation of ATP. 

[i] Oxidation of carbohydrates : In muscles glucose and glycogen are oxidized 
through glycolysis and Krebs (or TCA) cycle for generation of ATP. These two 
processes have been described in chapter-1. During light and slow muscular work 
or post exercise rest, O, supply to the muscles is sufficinet enough to meet the 
demand. Under such aerobic condition, both glycolysis and TCA cycle operate in the 
muscle and large quantity of ATP is generated. In glycolysis, glucose or glycogen 
stored in the muscle is catabolized to pyruvic acid which is finally completely 
oxidized to CO, and H,O through TCA cycle. On the other hand, during heavy 
muscular exercise (i.e., when the muscles are working vigorously and rapidly), the 
O, supply to the muscle is not adequate and hence anaerobic condition prevails. 
Under such condition, the pyruvic acid produced from glycolysis cannot enter TCA 
cycle for complete oxidation (since TCA cycle does not operate in anaerobic condition) 
and it is converted to lactic acid. This is called anaerobic glycolysis in which much 
less ATP is produced per glucose unit oxidized. So, in order to maintain energy 
supply for the muscular work, glycogen store is rapidly depleted and lactic acid is 
accumulated in the muscle, Accumulation of lactic acid is undesirable for the muscle 
because it makes the muscle fatigued. So, the major part of lactic acid produced in 
the muscle is released into the blood and carried to liver where it is converted back 
to glycogen by the process of neoglucogenesis. Liver glycogen is converted to 
glucose through glycogenolysis. The glucose is again carried to muscles via blood 
and stored as glycogen (by glycogenesis) for future use. In this way, the glycogen 
stored in muscles is reused cyclically and the process is referred to as Cori cycle. 

[ii] Oxidation of fatty acid and ketone bodies : Muscles can also produce ATP 
from oxidation of fatty acids, Fatty acids are first degraded to acetyl CoA through 
B-oxidation pathway, Finally, the acetyl CoA is completely oxidized to CO, and H,O 
through TCA cycle. The process of fatty acid oxidation has been described in 
chapter-1. Both the processes of B- oxidation and TCA cycle can operate in aerobic 
condition only. For this reason, during heavy exercise, when the O, supply is 
inadequate (i.e., the condition is anaerobic), oxidation of fatty acid is stopped and 
during post exercise rest, when there is sufficient O, supply, ATP may be produced 
from oxidation of fatty acids and stored for future use. Ketone bodies produced from 
excessive breakdown of fatty acids may also be oxidized in muscles for generation 
of ATP. 


© Thermal changes (Heat production) due to muscular contraction: 


Muscles continuously produce heat as a result of oxidation of food while at rest 
or at work. Of course, the rate of heat production increases many times when a 
muscle is at work. The instrument used for measuring the heat production in a 
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muscle is called thermopile. A.V. Hill have shown that during a single muscle 
twitch heat is produced in three stages : 

[1] Activation heat—It occurs immediately after stimulation of the muscle and 
diminishes with the onset of contraction. 

[2] Shortening heat—This phase of heat production occurs due to shortening or 
contraction of the muscle. Its amount depends upon the degree of shortening. The 
activation heat and shortening heat are together called initial heat. 

[3] Recovery heat or delayed heat—This is the heat produced after the contraction 
is over i.e., during relaxation and afterwards. Heat production in this phase is slow 
and prolonged and greater in quantum. It is equal to the total energy set free during 
muscular contraction. This is due to the recovery process during which the original 
ATP store is replenished in presence of oxygen. 


BRR Ree eS N REVISION W Ree ee eee 


Anatomical muscle—A whole muscle. 

Muscle fibre—A muscle cell. 

Sarcolemma—The membrane covering a muscle fibre. 

Myofibril—One of the finer elements making up a muscle fibre and itself made 
up of bundles of protein-threads. 

Myofilament—One of the ultramicroscopic thread like structures made up of 
protein and occurring in bundles in the myofibrils. 

A-band—The dark band of striated muscle fibre. 

I-band—A light band of striated muscle fibre. 

Z-line—The dark line passing through the middle of I-band. 

H-band—A narrow relatively lighter band at the centre of the A-band. 
Sarcomere—The area between two successive Z-lines ; also considered as the 
contractile unit of muscle fibre. 

Sarcoplasm—The fluid part of the cytoplasm of a muscle cell. 

Sarcotubular system—Collection of specialized tubules within the muscle cells. 
T-tubule—One of the transverse tubules formed in the muscle cell due to 
invagination of sarcolemma. 

L-tubule—One of the longitudinal tubules formed by modification of the smooth 
surfaced endoplasmic reticulum of a muscle cell. 

Sarcoplasmic reticulum—The tubular network formed by arborization of L-tubules 
at the central part of sarcomere. 

Terminal cisternae—The expanded ends of the L-tubules present in close contact 
of the T-tubules. 

Actin—A protein forming the thin myofilaments. 

Myosin—A protein forming the thick myofilaments. 

Tropomyosin—A muscle protein that remains in close association with actin 
filaments and keeps the active sites of actin covered in resting (or relaxed) state. 
Troponin—A muscle protein that remains in close association with tropomyosin 
and binds with Ca** during muscle contraction. 

Creatine phosphate—A high energy phosphate compound found in muscles. 
Phosphagen—ATP and creatine phosphate that act as ready source of energy in 
muscles. 

CPK—Creatine phosphokinase or creatine phosphotransferase ; an enzyme 
catalyzing interconversion between creatine and creatine phosphate. 
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e Types of skeletal muscles : Red (or slow) and white (or fast) 
muscles : 


Skeletal muscles are generally divided into two types—‘red’ muscles or ‘slow’ 
muscles and ‘white’ (or pale) muscles or ‘fast’ muscles. 

Red muscles are rich in myoglobin and blood supply so that they look red and 
hence so named. Their muscle fibres are usually smaller having less prominent 
striations and more mitochondria. Red muscles are also called slow muscles because 
they have a longer latency and they respond more slowly. Due to presence of more 
blood supply, myoglobin and mitochondria, their metabolism is of aerobic type, and 
they are not fatigued easily. Thus, red muscles are adapted for prolonged, slow 
contractions responsible for maintenance of posture. Long muscles of back and neck 
are typical examples of red (slow) muscles. 

In contrast to red muscles, the white muscles have a pale or whittish appearance 
due to paucity of myoglobin and blood supply (number of capillaries). Their 
striations are prominent. They generally have much more extensive sarcoplasmic 
reticulum which allows rapid release and reuptake of Ca so that they contract and 
relax very quickly. So, the white muscles are also called fast muscles. They are 
specialized for fine, skilled movements involving rapid contractions. External ocular 
muscles and some of the hand muscles are examples of white (fast) muscles. 


5.4. Cardiac Muscle 


Cardiac muscle is restricted to heart (myocardium). The muscle of heart alone 
constitutes a special type of muscular tissue, distinctly. separate from skeletal and 
smooth muscles. Due to the unique structural and functional properties of cardiac 
muscle, the heart works like a pump and maintains circulation of blood in the body 
throughout the whole life. 


e Structure of cardiac muscle: 


The structure of cardiac muscle is more or less similar to skeletal muscles with 
some characteristic differences. Cardiac muscle is also made up of numerous 
cylindrical and cross-striated muscle fibres. But unlike the skeletal muscle, cardiac 
muscle fibres are made up of many short, cylindrical cardiac muscle cells connected 
in series. Each cell contains only one or two large, oval and centrally placed nucleus. 
Moreover, the cardiac muscle cells and thus the fibres branch profusely and remain 
connected to the neighbouring ones, forming a three dimensional network like 
syncytial structure. However, electron microscopy has revealed that there are no 
protoplasmic bridges between the cells (or fibres), and each cardiac muscle cell is 
a completely separate unit surrounded by the cell membrane (sarcolemma). A unique 
and distinguishing feature of cardiac muscle is the presence of specialized junctional 
regions called intercalated (or intercalary) discs in between the ends of the adjacent 
cells. The intercalated discs are angulated dark areas running transversely across the 
fibres where the adjacent cell membranes interdigitate through an extensive series of 
folds. The intercalated discs have ‘tight junctions’ where the two membranes fuse 
together to form low electrical resistance bridges for rapid spread of impulse from 
one cell to another. These discs also provide cell to cell cohesion so that the cells 
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are held together firmly and the contractile pull is transmitted from one cell to the 
next cell in series. Thus, due to the presence of intercalated discs, the cardiac muscle 
works as an integrated unit, and is 
considered as a functional syncytium. 0 

Cardiac muscle fibres show cross- 1 — Sarcolemma 
striations due to the orderly arrangement na V ' 
of myofilaments (actin and myosin) in {Nucleus 
the myofibrils same as that in skeletal 
muscle. However, the striations of 
cardiac muscle fibres are less prominent 
than those of skeletal muscles. The 
sarcoplasm of cardiac muscle contains 
more glycogen and myoglobin and 
greater number of mitochondria. The 
sarcotubular system of cardiac muscle 
also consists of T- and L-system. T- 
tubules pass through the Z-lines (and 
not through the A-I junctions as in 
mammalian skeletal muscle). The L- 
system (sarcoplasmic reticulum) is ill 


developed having no well developed 


terminal cisternae. F x 3 f cardi 
It Should be noted that the cardiac Fig. 5.6 : Histological structure of cardiac 
muscle fibres. 


muscle fibres present in the atrial and 

ventricular wall have a well organized contractile machinery (myofibrils) so that they 
can contract and relax efficiently. But in the muscle fibres of junctional tissues of 
heart e.g, SA node, AV node, bundle of His and Purkinje fibres, the contractile 
machinery is poorly developed because they are concerned with generation and 
conduction of cardiac impulse only, and they do not contact effectively. 


disc 


e Mechanism of contraction and relaxation of cardiac muscle : 


The basic mechanism of contraction and relaxation of cardiac muscle is same as 
that in skeletal muscles, involving sliding of myofilaments (actin and myosin) due 
to release of Ca“ ions in the sarcoplasm. However, there are some characteristic 
differences. Unlike skeletal muscles, contraction of cardiac muscle is not initiated by 
excitation of motor nerves supplying the heart, and the atrial and ventricular muscles 
contract automatically and rhythmically. This is due to the activity of the pacemaker 
area of heart (SA node) which is self-excitable and capable of generating impulses 
spontaneously and rhythmically. These impulses are transmitted from SA node to 
atrial and ventricular muscles where they spread from one cell to another through the 
intercalated discs. When the impulse propagates through sarcolemma and T-tubules, 
Ca“ ions are released into sarcoplasm which causes sliding of myofilaments, and 
the muscle contracts. After this, Ca** ions are removed back and the muscle relaxes. 

An important feature of cardiac muscle is that its contractions are much slower 
and prolonged in comparison to the skeletal muscles which show twitch type (quick) 
contractions. In cardiac muscle, when the impulse passes through the T-tubules, 
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considerable amount of extra Ca** ions diffuse from the extracellular fluid (ECF) 
present within the T-tubules to the sarcoplasm in addition to the Ca“ released by 
the sarcoplasmic reticulum (L-system). This extra supply of Ca“ is responsible for 
the prolonged contraction of cardiac muscle. 

Unlike the skeletal muscles, the heart is innervated by autonomic (sympathetic 
and parasympathetic) nerves which are not under the control of will. So, the cardiac 
muscle is involuntary in nature and it contracts according to the impulses generated 
in the pacemaker. These nerves do not initiate the contraction of cardiac muscle, they 
only modify (increase or decrease) the force and frequency of heart’s contraction by 
regulating the pacemaker as and when needed. This is why a denervated heart can 
beat rhythmically but skeletal muscles become paralysed when their nerve supply is 
sectioned, 


5.5. Smooth Muscle 


Smooth muscles exhibit sharp contrast with skeletal and cardiac muscles. Moreover, 
the smooth muscles present in different parts of our body show considerable diversity 
in their size, structural organization, innervation and functional behaviour. 


è Structure of smooth muscle: 


Smooth muscles are made up of numerous elongated muscle fibres which vary 
considerably in size, For example, in blood vessels, they are very short while in 
pregnant uterus, the fibres are much longer. However, smooth muscle fibres are in 
general shorter than skeletal muscle fibres. Each smooth muscle fibre is a single cell 
sarrounded by sarcolemma. The cells (or fibres) are fusiform in shape (i. e., spindle 
shaped) having a wider middle portion called belly and the tapering ends. Each cell 
contains a single, oval nucleus placed at the centre of the belly. The muscle fibres 
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Fig. 5.7 : A-Histological structure of smooth muscle fibres, B-Arrangement 
of actin and myosin filaments in a smooth muscle fibre. 


are arranged in such a way that the wider middle portion of one fibre is placed in 
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between the tapering ends of adjacent fibres. Each fibre is externally coverted by a 
basement membrane like structure which separates the fibres from each other. In 
some smooth muscles, the basement membrane is discontinuous at places where the 
sarcolemma of adjacent cells fuse together to form ‘tight junctions’ or low electrical 
resistance bridges comparable to the intercalated discs of cardiac muscle. 

Smooth muscle fibres contain myofilaments (actin and myosin) but no organized 
myofibrils. Due to lack of an orderly arrangement of myofilaments, alternate dark 
and light bands or cross-striations are not seen. However, some faint longitudinal 
striations may be seen because the myofilaments are haphazardly arranged parallel 
to the long axis of the fibres. The actin (thin) filaments are attached to specialized 
structures called dense bodies. Some dense bodies ar attached to the cell membrane 
while others are dispersed in the sarcoplasm. The dense bodies are held in position 
due to presence of cross-attachments between them. Thus, dense bodies are comparable 
to the Z-lines of skeletal and cardiac muscles. Myosin (thick) filaments are much 
less in number and they remain interspersed among the actin filaments. In smooth 
muscle fibres, tropomyosin is present but troponin is absent. Cell organelles and 
sarcotubular system are poorly developed and T-tubules are absent. 


è Types of smooth muscles: Single unit and multi-unit smooth 
muscles: 


E. Bozler (in 1940s) divided smooth muscles into two types—single unit (or 
unitary) smooth muscle and multi-unit smooth muscle which differ in various aspects. 

[1] Single unit smooth muscle : It is commonly called visceral smooth muscle 
because it is found in the walls of hollow visceral organs like gut, gall bladder, 
urinary bladder, ureter, uterus efc. In this type of muscle, the muscle fibres (or cells) 
are usually arranged in sheets or bundles and they remain interconnected through 
low electrical resistance bridges forming a functional syncytium. Thus, when one 
fibre is excited, the excitation (impulse) spreads to the neighbouring fibres and as 
a result large number of muscle fibres contact simultaneously as if they belong to a 
single unit. For this reason, this type of muscle is known as single unit or unitary, 
smooth muscle. Due to the presence of functional connection between the fibres, 
each fibre is not innervated by a separate nerve ending. The muscle fibres show 
pacemaker like activity and they generate action potentials when stretched. So they 
contract spontaneously in response to stretch even when denervated. However, the 
nerves may modify their contractions. 

[2] Multi-unit smooth muscle : It is found in ciliary and iris muscles of eye, 
piloerector muscles of skin and in larger blood vessels. This type of muscle is 
composed of discrete muscle fibres without low electrical resistance bridges in between 
them. Each fibre is completely covered by the basement membrane and remains 
separated from the neighbouring fibres. Each fibre is innervated by a separate nerve 
ending and operates entirely independly of the others. Since the individual fibres 
behave as separate units, this type of smooth muscle is called multi-unit smooth 
muscle. These muscles do not show pacemaker activity and they do not contract 
spontaneously in response to stretch. Muscle fibres are activated only when stimulated 
by nervous or chemical agents (hormones etc.). 
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e Mechanism of contraction and relaxation of smooth muscles : 


The basic mechanism of contraction and relaxation of smooth muscles is more 
or less same as that in skeletal and cardiac muscles. But there are some differences. 
When a smooth muscle fibre is activated either spontaneously by stretching (as in 
single unit muscles) or by excitation of the motor nerve (as in multi-unit muscles), 
an action potential is generated, As the action potential propagates through the 
sarcolemma, the intracellular Ca“ concentration rises which causes sliding of 
myofilaments and contraction of the muscle fibre. However, the source of Ca- 
required for excitation-contraction coupling differes in smooth muscles because the 
sarcoplasmic reticulum is poorly developed and T-tubules are absent. In smooth 
muscle, most of the Cat“ ions enter the muscle fibre from the extracellular fluid 
(ECF) through the sarcolemma during the flow of action potential. Since troponin is 
absent in smooth muscles, another Ca** binding protein called calmodulin helps in 
excitation-contraction coupling. s 

Smooth muscles contract involuntarily because they are innervated by autonomic 
nerves. Contractions are slow (i.e., a muscle begins to contract much later after it 
is excited) and sustained (i.e., a muscle remains contracted for longer period). The 
slowness or high latency of contraction is due to the relative paucity of myosin 
filaments and the low myosin ATP-ase activity. The muscle fibres remain contracted 
for longer periods because the calcium-pump which removes Ca from interior of 
the fibre to ECF for relaxation is very slow acting. 


5.6. Properties of Muscle 


[1] Excitability : Excitability means ability of a tissue to respond to stimulation. 
Like nerve fibres, when a muscle fibre is stimulated by an adequate stimulus, it 
becomes excited (active) i.e. it generates an action potential which is transmitted 
throughout the sarcolemma. Excitability of a nerve or muscle is expressed by two 
factors—rheobase and chronaxie. Rheobase is the threshold of intensity (or the 
minimum strength) of electric current capable of exciting the tissue no matter how 
long it is given. Chronaxie is the threshold of duration (or minimum time) required 
to excite a tissue when the strength of stimulus is double the rheobase. Chronaxie 
is the index of excitability of a tissue because it includes both the strength and 
duration of the stimulus. Excitability of a tissue is inversely proportional to its 
chronaxie, i.e., less the chronaxie, more the excitability. Chronaxie of skeletal muscles 
is less than that of cardiac and smooth muscles, hence, skeletal muscles are more 
excitable and they contract more quickly. Among the skeletal muscles, white (fast) 
muscles have shorter chronaxies than the red (slow) muscles. 

Skeletal muscles and multi-unit smooth muscles are normally excited through 
nervous stimulation only. But cardiac muscle and single unit smooth muscles are 
autoexcitable (or self excitable) i.e., they generate action potential rhythmically without 
stimulation of their nerves. 

[2] Contractility : It is an unique property of muscles by virtue of which when 
a muscle is excited, it contracts followed by relaxation. Skeletal muscles contract 
more quickly and forcefully than other muscles. So, their efficiency or capacity of 
taking work load is much greater. Cardiac and smooth muscles show slow, sustained 
contractions. 
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[3] All or none law : According to this law, when a muscle is stimulated, either 
it responds (contracts) maximally or it dose not respond at all. That means, if the 
stimulus is adequate in strength (i. e., capable of producing a response at all) the 
response will be maximum and a further increase in the intensity of stimulus will not 
raise the degree of contraction any more if other conditions remain same. On the 
other hand, if the stimulus is inadequate (subthreshold), it will totally fail to elicit 
a response and the muscle will not contract at all. 

In case of skeletal muscles, this law is applicable for a single muscle fibre 
individually but not for a whole (or an anatomical) muscle. Each anatomical muscle 
(e.g., biceps, triceps, efc.) is composed of numerous muscle fibres having different 
threshold intensities of stimulation. When a whole muscle is stimulated, a gradual 
increase in the strength of stimulus would activate more and more muscle fibres, as 
a result of which the degree of contraction would also increase until all the muscle 
fibres are activated. This law is also obeyed by cardiac and smooth muscles. Cardiac 
muscle obeys the law as a whole because of the functional syncytium. But in smooth 
muscles, this law is true for individual fibres. 

[4] Refractory period: If is the time gap during which a second stimulus fails 
to excite a tissue. So, in order to produce two successive responses (contractions), 
the second stimulus must fall after the refractory period from the first stimulus. The 
refractory period of skeletal muscles is very short and it falls within the latent 
period (or the interval between the application of stimulus and the onset of 
contraction), In mammalian skeletal muscles, the refractory period is about 0.002 
sec, Due to the short refractory period, the skeletal muscles show summation of 
contractions on repetitive stimulation ; hence they can easily be fatigued or tetanized. 
The refractory periods of cardiac and smooth muscles are much longer than skeletal 
muscles. In case of cardiac muscle, the refractory period is longest and extends 
throughout the contraction and relaxation periods ; so the heart is neither easily 
tetanized nor fatigued. 

[5] Summation : When a skeletal muscle is stimulated by two stimuli in rapid 
succession, the contractile responses of the two stimuli are added together to produce 
a greater response ; this is called summation. Summation is possible only when the 
second stimulus falls after the refractory period of the first stimulus. When two 
successive stimuli are given in a way that the second stimulus falls during the 
relaxation or contraction phase of the first response, the second response is super 
imposed on the first response producing greater force of contraction ; This is called 
summation of contractions. If the second stimulus falls within the latent period (but 
after the refractory period) of the first response, the effects of two stimuli are 
completely fused to produce a single contractile response which is greater than that 
would occur due to a single stimulus ; this is called summation of stimuli. Similarly, 
when a muscle is stimulated by a single subliminal (inadequate) stimulus, no 
contraction occurs. But application of two or more subliminal stimuli in quick 
succession may produce a contractile response ; this is called summation of 
subliminal stimuli. 

[6] Tetanus : Tetanus is a state of sustained muscular contraction without 
intervening periods of relaxation. This is produced in skeletal muscles due to repetitive 


1108 A TEXT BOOK OF BIOLOGY 


stimulation in quick succession when each successive stimulus falls within the latent 
period (butafter the refractory period) of the previous one so that the contraction 
caused by one stimulus begins before completion of the previous contraction. Thus, 
successive contractions fuse to produce a steadily increasing contraction till maximum 
contraction is reached. During tetanus (also known as complete letanus) the muscle 
remains contracted throughout the period of stimulation and it does not get a chance 
at all to relax, When the frequency of repetitive stimuli is lower so that each successive 
stimulus falls within the period of previous relaxation, the muscle shows incomplete 
relaxations between gradually increasing contractions ; this is called incomplete 
tetanus or clonus, Thus clonus is due to summation of repetitive contractions whereas 
tetanus is due to summation of repetitive stimuli. Mf the stimulation is withdrawn after 
a brief period of clonus or tetanus, the muscle relaxes, But if the stimulation is 
continued, the muscle becomes fatigued. Cardiac and smooth muscles are not easily 
tetanised because of their long refractory periods. 

[7] Fatigue: Fatigue is a state of temporary loss of excitability of a tissue due 
to overwork. The term fatigue literally means ‘condition of being tired’, When a 
muscle is stimulated repeatedly ; its contractility diminishes gradually and ultimetely 
it fails to respond. This phenomenon is called fatigue. Thus, muscular fatigue can 
be described as the inability of a muscle to do further work, 

Muscular fatigue is developed due to two main reasons—(i) lack of supply of 
oxygen and food (e the source of energy), and (ii) accumulation of waste products, 
When a muscle works vigorously for a prolonged period, the supply of O; to it falls 
short. As a result of this, the food (glycogen) stored in the muscle is anaerobically 
broken down and depleted simultaneously with accumulation of waste products like 
lactic acid, CO, etc. This ultimately leads to short supply of energy for muscular 
contraction and the muscle fails to contract (i. e, it becomes fatigued). 

A fatigued muscles recovers the ability to contract after a period of rest. The 
recovery is brought about by the circulating blood which supplies O, and food to the 
muscle and washes away the waste products from it. Supply of O, is very important 
for the recovery process because it (O,) facilitates removal of waste products by 
utilizing them. 

Cardiac and smooth muscles are not easily fatigued because of their long refractory 
periods which ensure recovery. Moreover, cardiac muscle derives energy through 
acrobie metabolism ; so, lactic acid does not accumulate. 

[8] Rigor mortis : Stiffening of the body after death due to a state of rigidity of 
muscles is called rigor mortis. It occurs 2-3 hours after death when all muscles of 
the body go into a state of contracture (i.e., sustained contraction) and become rigid 
without any stimulation (action potential), The contracture is caused by fall of ATP 
level in muscles due to exhaustion of the preexisting ATP molecules and no new 
ATP formation, Due to unavailability of ATP, Ca** cannot be removed from 
sarcoplasm and thus, the cross-bridges between actin and myosin cannot be detached. 
As a result of this, the muscles fail to relax and remain in contracted state. Rigor 
mortis disappears 24-48 hours after death when muscle proteins are decomposed due 
to autolysis caused by release of lysosomal enzymes, Rigor mortis is of medicolegal 
importance because it helps in determining the time of death in cases of homicide, 
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5.7. Isotonic And Isometric Muscle Contraction 


Two kinds of mechanical changes are associated with muscle contraction ; these 
are—(i) decrease in length or shortening and (ii) increase of tension. When a muscle 
shows either of these changes, it is said to be contracting and accordingly muscle 
contractions may be of two types—isotonic and isometric. 

Isotonic contraction: In this type of muscle contraction, tension of the muscle 
remains more or less unchanged but its length shortens (iso = same ; tone = tension). 
As there is a decrease in the length of the muscle, an external work is performed by 
which a weight or a part of the body can be moved. 

Examples—Movement of limbs or any other part of the body, lifting of a weight, 
etc., are accomplished by isotonic type of muscle contraction. 

Isometric contraction : In this type of muscle contraction, the length remaining 
unaltered the tension rises (iso = same ; metric = length). That means, is such cases, 
the tension in the muscle rises without any shortening of the muscle fibres and thus 
no external work (le., displacement of a load or movement of a body part) is 
performed. 

Examples Suspending a load by a hand, attempt to lift or pull a very heavy load 
in vain, standing (or maintaining erect posture against gravity), efc., are examples of 
isometric contraction, 

In isotonic contraction, since some energy is spent for shortening and external 
work done, the heat production is less than that in isometric contraction in which 
no energy is spent for shortening and the entire energy is converted to heat. Isotonic 
and isometric contractions may occur separately in different instances as mentioned 
in the aforesaid examples, However, in many instances both isotonic and isometric 
contractions are involved jointly. For example, during walking or running, a leg is 
placed firmly on the ground by isometric contraction and on the next moment the 
leg is lifted and moved forward by isotonic contraction, 

Like skeletal muscles, the cardiac muscle (ventricular muscle) also shows isotonic 
and isometric contractions (see ‘cardiac cycle’ ; Chapter-3, Article 3.8). 


SSS SS SSS SS REVISIONS SS eee eee 
Excitability—Ability to produce action potential in response to a stimulus. 


Rheobase—The minimum strength of electrical stimulus required to produce 
response in a tissue. 


Chronaxie—The minimum time required by a tissue to respond when the strength 
of stimulus is double the rheobase. 


Contractility—Ability of a muscle to contract on being stimulated. 
All or none law—On being stimulated, a tissue either responds fully or not at all. 


Refractory period—The time gap during which a second stimulus fails to excite 
a tissue (i.e., fails to elicit a second response). 


Summation—Additive effects of successive stimuli. 


Tetanus—A state of sustained muscular contraction without any intervening period 
of relaxation due to very quick successive stimuli. 
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m m REVISION m m ma 
Clonus—Incomplete tetanus i.e. summation of successive contractions with 
intervening periods of incomplete relaxations. 

Fatigue—A state of temporary loss to excitability of a tissue due to repeated 
stimulation or overwork. 

Rigor mortis—Rigidity of muscles after death. 


Isotonic muscle contraction—A type of muscle contraction in which a muscle 
shortens in length but its tension does not rise appreciably. 


Isometric muscles contraction—A type of muscle contraction in which the tension 
of the muscle is raised but it does not shorten in length. 


5.8. Receptors 

Definition: Receptors (or neural receptors) are sensory end-organs that are 
excited by specific changes in the external or internal environment of the body and 
they help to detect such changes. 

Receptors are located specially in sense organs of the body namely—eye, ear, 
nose, tongue and skin ; however, some receptors are also present in other organs like 
skeletal muscles, joints, visceral organs (gastro intestinal tract, urinary bladder, lungs, 
heart), blood vessels and even brain. Structurally, a receptor may be a free 
(unmyelinated) sensory nerve ending or an encapsulated (covered by accessory 
structure) sensory nerve ending or a specialized sensory cell supplied with sensory 
nerve. Truely speaking, such sensory nerve endings are called receptors and the 
specialised sensory cells are called receptor cells. Some nerve cells of brain also act 
as receptors ; these are called central receptors. 

When a receptor is excited by an environmental condition (stimulus), if generates 
sensory nerve impulses that are transmitted to brain for arousal or a sensation. An 
important property of receptors is specificity for stimulus. Each receptor is sensitive 
to a specific type of stimulus, ie., it is excited by only one type of stimulus and not 
by others, For example, receptors of eye are sensitive to light only, those of ear are 
sensitive to sound only, and so on. Moreover, the impulses originating from a particular 
receptor is carried through a specific neuronal pathway to a particular part of cerebral 
cortex and the sensation is stored as memory. Sensory impulses arriving at cerebral 
cortex are analyzed by comparing them with previous experiences (memory) and the 
stimulus is detected, Thus, excitation of a particular variety of receptor elicits a 
specific type of sensation only. For example, stimulation of eye, ear, nose and tongue 
receptors produce the sensation of sight, hearing, smell and taste respectively. This 
phenomenon is known as Muller’s law. Thus, receptors are considered as peripheral 
analyzers or detectors of the environmental conditions. Receptors are comparable to 
transducers (energy transforming devices) as they transform different forms of 
energies e.g., light, sound, heat, etc., into electrical energy (nerve impulse). So, 
receptors are also called biological transducers. 

© Classification of receptors: Receptors have been classified in different ways. 
Structurally, receptors are mainly of three types-free nerve endings, encapsulated 
nerve endings and specialized sensory cells. According to location (distribution) in 
the body and origin of their stimuli, receptors may be divided into two main groups— 
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exteroceptors and interoceptors. Receptors present on the surface of the body that 
respond to stimuli arising outside the body are called exteroceptors. They include 
the receptors present in skin, eye, ear, nose. Among these the receptors of eye, ear 
and nose are called telereceptors because they are excited by distant stimuli, Receptors 
located in the internal structures of the body are called interoceptors which respond 
to stimuli originating within the body. They include—(i) proprioceptor of muscles, 
joints and vestibular apparatus, (ii) visceroreceptors present in visceral organs, and 
(iii) central receptors present in certain areas of brain. However, the most convenient 
classification of receptors is based on their functions ite, the type of sensation they 
produce (or the type of stimulus they detect). Functionally, receptors are of the 
following types— 

[1] Tactile (or touch) receptors : They include Meissner corpscle, Merkel’s 
disc and free nerve endings (in hair follicles) of skin. 

[2] Thermoreceptors (or temperature receptors) : They are present in skin, and 
may be of two types—cold receptors (end bulb of Krause) and heat receptors (end 
organ of Golgi-Mazzoni and end organ of Ruffini). 


Fig. 5.8 : Different types of general sense receptors. 
[A] Meissner’s corpuscle, [B] Pacinian corpuscle, [C] End bulb of Krause, [D] End organ of 
Ruffini, [E] Organ of Golgi-Mazzoni, [F] Free nerve ending, [G] Golgi-tendon organ, 
[H] Merkel’s disc, [I] Muscle spindle. 


[3] Nociceptors (or pain receptors) : These are free nerve endings sensitive to 
noxious (harmful) stimuli. They are present all over the body being specially abundant 
in skin, cornea, muscles, bones, tooth pulp, mucous membrane and viscera. 

[4] Pressure (or stretch) receptors : These receptors are excited by distortion 
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or stretch of a tissue due to load or pressure on it. They include pacinian (or 
Pacini’s) corpuscle and free nerve endings. Pacinian corpuscles are found in skin 
mainly and also in tendons and joints. Pressure or stretch sensitive free nerve endings 
are found in visceral organs and on the wall of some blood vessels Examples are— 
distension receptors of lungs (excited when lungs are inflated after inspiration) and 
vascular baroreceptors e.g., carotid sinus, aortic arch (excited by rise of blood 
pressure). 

[5] Proprioceptors : These are receptors which provide information about 
kinesthetic sensation or position of the body in space (ie. relative position of 
muscles and joints), They include muscle spindles, Golgi tendon organs and nerve 
endings around joints. 

[6] Acceleration receptors (or labyrinthine receptors) : These are receptors 
present in vestibular apparatus or labyrinth part of internal ear which provide 
information about rotational (angular) and linear acceleration of the body. They 
include the specialized sensory hair cells of (a) semicircular canals (for rotational 
acceleration) and (b) utricle and saccule (for linear acceleration). They are sometimes 
included in proprioceptors because they are also responsible for sensation about the 
position of the body in space. 

[7] Chemoreceptors : These are sensitive to chemical stimuli. They include— 
(a) hair cells of olfactory epithelium of nose (smell receptor), (b) taste cells in taste 
buds of tongue (taste receptors), (c) glomus cells of carotid body and aortic body 
(sensitive of pO,, pCO, and pH of blood), (d) central CO, receptor (nerve cells of 
medulla oblongata of brain sensitive to pCO, of blood) and (e) glucostatic receptor 
(nerve cells of hypothalamus of brain sensitive to blood sugar level, which help in 
regulation of food intake). 

[8] Osmoreceptors : These are specialized nerve cells of hypothalamus excited 
by rise of blood osmotic pressure. They help in regulation of water balance of the 
body by adjusting the secretion of antidiuretic hormone (ADH) from posterior pituitary. 

[9] Photoreceptors (or visual receptors) : These are receptors (specialized sensory 
cells) present in retina of eye, excited by light. They are of two types—rods (for dim 
light vision) and cones (for bright light vision). 

[10] Phonoreceptors (or auditory receptors) : These are specialized hair cells 
present in organ of Corti of cochlea (internal ear). They are sensitive to sound 
stimuli and are responsible for sensation of hearing. 

o Sensation and sense organs: Sensations are feelings aroused by environmental 
conditions. Organs designated for arousal of sensations are called sense organs. 
Sense organs contain receptors. Eye, ear, nose, tongue and skin are the five main 
sense organs. Sensations are divided into two main types-general senses and special 
senses. Sensations originating from wide spread areas of the body are called general 
senses. Touch, temperature, pain, pressure, proprioceptive and kinesthetic senses are 
the major general senses. Although specific receptors are responsible for each of 
these sensations, the receptors are not localized in separate specialized sense organs. 
That means, there is no specialized sense organ for each of these sensations. This 
is why these senses are referred to as ‘general’. Receptors for general senses are 
distributed all over the body, mainly in the skin and also in deeper structures like 
muscles, joints, tendon, viscera etc. As the skin acts as the sense organ for most of 
the general senses, it is referred to as general sense organ. The receptors of general 
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senses are usually free or encapsulated ending of sensory neurons. Sight (vision), 
hearing (audition), smell (olfaction) and taste (gustation) are called special senses 
because these are aroused by specialized sense organs like eye, ear, nose and tongue 
respectively. In contrast to skin which elicits various sensations, each special sense 
organ can arouse only one type of sensation. The receptors for special senses are 
specialized sensory cells called receptors cells (and not the sensory nerve endings). 


5.9. Nervous tissue 


The nervous tissue consists of two types of cells-nerve cells or neurons 
(neurones) and glial cells or neuroglia. Among these the neurons perform the 
function of nervous system by transmitting informations from one part of the body 
to another and the glial cells are supporting elements. 


Neuron: 


Neurons are the structural and functional units of nervous system. A typical 
neuron consists of a cell body (soma or neurocyton or perikaryon) and two types 
of processes (thread-like 
projections from the cell body) [ 
dendron (or dendrite) and axon. 
The cell body of a neuron is like 
other cells of the body, consisting 
of a nucleus and cytoplasm covered 
by plasma membrane. The 
cytoplasm contains various 
organelles and inclusions. In adult 
nerve cells, centrosome is absent 
or inactive so that they do not 
divide. Specialised cytoplasmic Golgi body 
organelles called Nissl granules (or 
Nissl bodies) made up of 
ribonucleoprotein are found in the 
cell body except in the axon hillock 
region from where the axon arises. 
These granules are also present in 
dendrons but absent in the axon. Aon 4 
Dendrons are short and branched 
afferent processes which receive 
stimulation from other neurons and 
carry the information towards the 
cell body. A neuron usually has 
many dendrons. However, in some 
neurons, the dendron may be single N 
or absent. The single, long efferent 
process of a neuron is called axon 
which carries impulses away from the cell body to the next neuron or the target 
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Fig. 5.9 : Structure of a typical neuron. 
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organ (muscle or gland). Axons are usually unbranched. However, they give a few 
small terminal branches called telodendria (sing. telodendron) having swollen ends 
known as terminal buttons. An axon is also called nerve fibre. A neuron possesses 
only one axon and variable number of dendrons. If there is only one process, it is 
usually the axon. In such neurons, the cell-body receives stimulation. In some 
specialised neurons, the axon may be absent e.g., adrenal medullary cells and amacrine 
cells of retina. 

An axon consists of a central axix cylinder containing cytoplasm (axoplsm) 
covered by plasma membrane (axolemma). The axoplasm and axolemma are 
continuous with the cytoplasm and plasmalemma of the cell body. A nerve fibre 
(axon) may be myelinated (medullated) or unmyelinated (non-medullated). In 
myelinated axons, there is a lipid-rich covering known as myelin sheath (medullary 
sheath) outside the axolemma. In such axons, there are constrictions at regular 
intervals due to absence of myelin sheath ; these constricted areas are called nodes 
of Ranvier and the portions in between adjacent nodes are called internodes. Presence 
of myelin sheath increases the speed of impulse conduction. Outside the myelin 
sheath, there is another nucleated covering called neurolemma (neurilemma or sheath 
of Schwann) made up of Schwann cell membrane. In unmyclinated axons, the 
myelin sheath is absent and the axolemma is covered by the neurolemma. In the 
neurons of central nervous system (CNS), neurolemma is absent. Neurolemma helps 
in regeneration of damaged neurons which is not possible in CNS. 

© ‘Types of neurons : Depending on the number of processes, neurons may be 
of five types : [1] Apolar neurons-They have no process (i. e., they have only the 
cell body but neither dendron nor axon), e.g., cells of adrenal medulla which are 
actually postganglionic sympathetic neurons. [2] Unipolar neurons-They have only 
one process-the axon, e.g., cells 
of trigeminal nerve. [3] 
Pseudounipolar neurons—They 
have one axon and one dendron, 
both being attached to the cell 

body through a common stem, 
e.g., neurons of dorsal root 
ganglion of spinal cord. [4] 
Bipolar neurons-They have 
one axon and one dendron 

Multipolar originating from two opposite 
Unipolar poles of the cell body, e.g., 
bipolar cells of retina. [5] 
Multipolar neurons—They have 
many short dendrons and a single long axon, each process originating from the cell 
body separately, e.g., spinal motor neurons. 

Functionally, neurons are of three types-[1] Sensory neurons which carry sensory 
information from peripheral organs (receptors) to CNS, [2] Motor neurons which 
carry motor discharges (commands) from CNS to effector organs (muscles or glands), 
and [3] Interneurons (or Internuncial neurons) which link the sensory and motor 
neurons. 


Fig. 5.10 : Types of neuron. 
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e Neuroglia : 


Supporting cells surrounding the neurons are called neuroglia or glial cells ( Gk. 
glia = glue). They are of varying shape and size with several branched processes 
which are not differentiated into dendron and axon. Unlike the neurons, these cells 
have no excitability (i.e., they do not conduct impulses) and they can divide. They 
[1] provide structural and 
nutritional support to 
neurons, [2] remove waste 
products by phagocytosis 
and [3] help in myelin ` 
sheath formation and 
insulation of neurons, 
separating each neuron 
from the other. 

There are three types 
of neuroglia cells in the 
central nervous system (CNS) : [1] Astrocytes-These are star-shaped cells with 
multiple radiating processes. They provide nutrition and maintain ionic environment 
of neurons. [2] Oligodendroglia (or Oligodendrocytes)-These cells are comparatively 
smaller, having very few processes.They help in myelin sheath formation. [3] 
Mieroglia-These are very small cells with long, thin tortuous processes which look 
like spines. They show amoeboid movement and are phagocytic in natrue. So they 
serve as scavenger cells removing waste matters. 

Nerve fibre: Nerve: Nerve tract: Individual axons are called nerve fibres. 
Many nerve fibres (i.e., axons of different neurons) together form a nerve or a nerve 
tract. The term nerve refers to cranial nerves and spinal nerves (i. e., peripheral 
nerves) which are also known as nerve trunks and composed of many nerve fibres. 
Nerve tract means a bundle of nerve fibres (axons) within the CNS. 

In peripheral nerves, the nerve fibres are grouped into a few bundles. Each 
individual nerve fibre is covered by a connective tissue membrane called 
endoneurium. Each bundle of nerve fibres is surrounded by another covering called 
perineurium and the whole nerve trunk composed of several bundles is covered by 
epineurium. 


Fig. 5.11 : Neuroglia cells: [A] Oligodendroglia, 
[B] Astrocyte, [C] Microglia. 


5.10. Synapse 


© Definition: The junctional region between two neurons is called synapse. 

In a synapse one neuron ends and the other (next) neuron begins and they are 
held very closely to permit transmission of nerve impusle from one neuron to the 
next one. 
oes @ Types : Structurally, 
synapses are mainly of two 
types—(i) axo-somatic-in 
which the axon terminal of 
one neuron makes synapse 
with (i.e., ends on) the soma 


Fig. 5.12 : Diagrammatic representation of a synapse. 
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or cell body of the next neuron ; and (ii) axo-dendritic—where the axon of one 
neuron terminates on the dendrite of the next neuron. However, a third variety called 
axo-axonic synapse has been observed in which the axon terminals of two neurons 
come in close contact, but this is very rare. 

© Structure : Structure of synapse has been revealed clearly with the help of 
electron microscope, A synapse is an oval shaped structure in which the axon terminal 
expands to form a swollen end termed as terminal buttom or synaptic knob. The 
synaptic knob is held very close to the dendrite or soma of the next neuron, but there 
is no protoplasmic continuity between the two neurons. At the synaptic region, both 
the neurons have intact membranes, The membrane of the synaptic knob is called 
presynaptic membrane whereas that of the dendrite or soma of the next neuron is 
called postsynaptic membrane. These two membranes are separated by a clear gap 
of about 200A which is termed as synaptic cleft. The synaptic knob contains 
mitochondria and numerous small vesicles called synaptic vesicles that are filled 
with transmitter materials (chemical substances responsible for transmission of impulse 
across the synapse). Some synapses of the CNS contain a few parallel filaments, 
about 50 A in diameter, across the synaptic cleft. These are called intersynaptic 
filaments that connect the pre- and post-synaptic membranes. In addition to this, 
there is a network of filaments in the postsynaptic membrane extending into the 
cytoplasm of the postsynaptic neuron, This is known as subsynaptic web. The 
function of the intersynaptic filaments and the subsynaptic web is not clear. 


a Terminal buttons 


65 Cell body 


Postsynaptic membrane 


Fig. 5. 13; Structure of synapse. 
[A] A cell body receiving several axon terminals ; [B] Electron microscopic structure 
of an axo-somatic synapse ; [C] Electron microscopic structure of a synapse of brain cortex. 


A single presynaptic axon may divide into several branches to form multiple 
synapses with several post-synaptic neurons ; this is called divergence, Conversely, 
a single postsynaptic neuron may receive several presynaptic terminals ; this is 
known as convergence. In the CNS, usually both divergence and convergence occur 
simultaneously to form a diffuse connection between several pre- and post-synaptic 
neurons. 
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Synaptic transmission : 


Transmission of nerve impulse (information) across a synapse (iter, from 
presynaptic to postsynaptic membrane) is called synaptic transmission, This is 
mediated by chemical transmitters stored within the synaptic vesicles, Transmitter 
materials are synthesized in the cell bodies of the neurons and become membrane 
bound to form small vesicles (the synaptic vesicles) within which the materials 
remain stored, The vesicles are then carried by the axoplasmic flow and accumulated 
in the synaptic knob region. 

When a nerve impulse arrives at the presynaptic membrane, its permeability to 
Ca** is increased leading to entry of Ca** within the synaptic knob. This in turn 
results in rupture of synaptic vesicles and release of transmitter material into the 
synaptic cleft. The transmitter material then diffuses through the cleft and binds with 
certain specific receptor sites present on the postsynaptic membrane, 

Several transmitter substances have been identified among which acetylcholine 
(Ach) is the most important because it is found in majority of the synapses. Other 
transmitters include noradrenalin (NA), serotonin or 5-hydroxy tryptamine (5- 
HT), gamma amino butyric acid (GABA), glycine etc. A transmitter substance 
present in a particular synapse may be either excitatory or inhibitory in nature. For 
example, Ach, NA, 5-HT are excitatory whereas glycine and GABA are inhibitory. 
Binding of an excitatory transmitter with the receptor sites on the postsynaptic 
membrane causes activation (depolarization) of the postsynaptic membrane by 
increasing its permeability to Na“ and K“, As a result of this, and excitatory post 
synaptic potential (or EPSP) is developed. As soon as the EPSP reaches a critical 
(threshold) level, a nerve impulse is generated in the postsynaptic neuron and 
conducted through its axon. Thus, the transmitters do not carry the impulse arriving 
at the presynaptic side to the postsynaptic side like a ferry boat across the synaptic 
cleft, rather they generate a new impulse in the second neuron. On the other hand, 
binding of an inhibitory transmitter with the postsynaptic membrane receptor alters 
the permeability of the postsynaptic membrane in such a way that it becomes inactive 
(hyperpolarized) and an inhibitory post synaptic potential (IPSP) is developed, As 
a result of this, a new impulse cannot be generated in the postsynaptic neuron. 
Immediately after their action, the transmitters are enzymatically hydrolyzed and 
removed so that the postsynaptic membrane returns to original resting state, The 
sequence of events in synaptic transmission is summarized below : 

[i] Arrival of the nerve impulse at the presynaptic terminal (synaptic knob). 

[ii] Release of transmitter from the synaptic vesicles. 

[iii] Diffusion of the transmitter across the synaptic cleft and its binding with the 
receptor site on the postsynaptic membrane, 

[iv] Change of permeability in the postsynaptic membrane. 

[v] Excitation (depolarization and formation of EPSP) or inhibition 
(hyperpolarization and formation of IPSP) of the postsynaptic membrane. 

[vi] Formation and propagation of impulse or blockage of impulse formation in 
the postsynaptic neuron. 

[vii] Removal of the transmitter to restore the original resting state. 
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Characteristic features of synaptic transmission : 


[1] One way conduction : Transmission of nerve impulse across the synapse is 
always unidirectional, from pre- to post-synaptic neuron. This is due to the fact that 
the synaptic vesicles are present in the synaptic knob only and not in the postsynaptic 
region. 

[2] Synaptic delay: Presence of a synapse incurs a delay in transmission of 
nerve impulse across it. This synaptic delay is due to the ‘relay system’ of transmission 
at the synapse involving release of a chemical transmitter and generation of a new 
impulse. 

(3) Excitation and inhibition : Synaptic transmission may. be excitatory or 
inhibitory in nature by virtue of which the neural centres in the CNS are suitably 
stimulated or suppressed for a proper control of the body functions. Purther, due to 
the occurrence of divergence and convergence, the activities of different neural 
centres are properly integrated. 

[4] Fatigue : Repeated transmission of nerve impulse through a synapse results 
in a temporary loss or excitability of the synapse and it fails to transmit an impulse 
as if it has become tired. This is called synaptic fatigue and is due to depletion (or 
exhaustion) of the transmitter material from the synaptic knob. 


5.11, Neuromuscular (or myoneural) Junction 


© Definition : The junction between a motor neuron terminal and a muscle fibre 
is called neuromuscular junction. 

At this region, the plasma membranes of the motor neuron (axon) terminal and 
the muscle fibre (Le, axolemma and sarcolemma) come close to cach other so that 
transfer of an impulse from the nerve to the muscle becomes casier. 

© Structure : Earlier it was believed that in the neuromuscular junction (NMJ), 
the nerve and muscle membranes fuse together. However, electron microscopic studies 
have revealed that there is a definite 
gap between the two membranes, 
hence no protoplasmic continuity is 
established between the neuron and 
the muscle fibre. 

Before ending on a muscle the 
motor neuron loses its myelin sheath, 
The naked (unmyelinated) axon then 
divides into a few branches, cach of 
which ends as an expanded terminal 
called sole foot. The sole foot 
remains partly buried in a depression 
(invagination) of sarcolemma, This 
depressed part of the sarcolemma is 
called motor end plate, The end plate membrane is highly corrugated duc to the 
presence of numerous small secondary folds known as junctional folds or synaptic 
Sutter or palisades. The axolemma of the sole foot and the sarcolemma of the end 
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plate are separated by a clear gap of about 200-300Å which is analogous to the 
synaptic cleft and is filled with extracellular fluid. The cytoplasm of sole foot is rich 
in mitochondria, endoplasmic 


Each muscle fibre may have 
one or more end plates on it, all 
of which are innervated by the 


Pig. 5.15 : Bleetron microscopic structure of 
terminal branches of the same neuromuscular junction (diagrammatic). 


motor neuron, The terminal 

branches of a single motor neuron may innervate more than one muscle fibres. A 
single motor neuron together with the group of muscle fibres which it innervates is 
called a motor unit. The point on a muscle fibre through which the motor neuron 
enters into it is called motor point, 


Neuromuscular transmission : 

The flow of impulse across the neuromuscular junction, ie., from motor nerve 
ending to muscle fibre is called neuromuscular transmission. As there is no direct 
protoplasmic continuity between the nerve membrane and the muscle membrane, the 
neuromuscular transmission involves chemical mechanism which is more or less 
similar to synaptic transmission. Acetylcholine (Ach) is the transmitter for 
neuromuscular transmission. Ach is synthesized in the cell body of the motor neuron 
and then stored in the membrane-bound vesicles that accumulate within the sole foot. 

When a nerve impulse arrives at the axon terminal, it causes influx of Ca** into 
the sole foot which facilitates rupture of vesicles and release of Ach from them. The 
Ach then diffuses through the cleft and combines with the recptor sites on the end 
plate. This leads to activation (or an increase in the ionic permeability) of the end 
plate, As a result of this, the end plate is depolarized and an end plate potential 
(EPP) is developed. When the EPP reaches a critical (threshold) level, an impulse 
is generated at the end plate and it flows through the sarcolemma to elicit contraction 
of the muscle fibre. Immediately after this, the Ach is hydrolyzed by the enzyme 
cholinesterase present in the synaptic gutter and removed so that the muscle fibre 
regains its original resting state. The sequence of events in neuromuscular transmission 
are as follows : 


[i] Arrival of the nerve impulse at the sole foot. 

[ii] Release of Ach from synaptic vesicles. 

tiii) Diffusion of Ach across the cleft and its binding with the end plate receptor 
sites. 
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[iv] Depolarization (activation) of the end plate due to increase in its permeability 
and formation of EPP. 


[v] Generation of a new impulse in the end plate and its conduction over the 
sarcolemma followed by contraction of the muscle fibre. 


[vi] Removal of the Ach and restoration of the original resting state. 
W REVISION OS m a a e a a a e 


Neuron-The structural and functional unit of nervous system. 
Neuroglia-Supporting cell of nervous system. 
Synapse-The junction between two neurons. 


Axo-somatic synapse—Synapse formed by an axon terminal of one neuron and 
cell body (or soma) of another neuron, 


Axo-dendritic synapse—Synapse formed by an axon terminal of one neuron and 
a dendrite of another neuron, 


Axo-axonic synapse-Synapse formed by axon terminals of two neurons. 
Synaptic knob-The swollen end of the presynaptic axon terminal. 


Synaptic cleft-The gap between the pre- and post-synaptic membranes of a 
synapse. 


Synaptic vesicles—Fine, membrane-bound vesicles present within the synaptic 
knob, containing neurotransmitters, 


Neurotransmitters—Chemical agents which mediate transimission of impulse from 
an axon terminal to another neuron or effector cell. 


Excitatory post synaptic potential (EPSP)-Potential difference across the post- 


synaptic membrane developed due to its depolarization by a transmitter released 
from the presynaptic terminal. 


Inhibitory post synaptic potential (IPSP)-Potential difference developed across 


the postsynaptic membrane due to 


its hyperpolarization by a transmitter released 
from the presynaptic terminal. 


Neuromuscular of myoneural June 


The junction between a motor neuron 
terminal and a muscle fibre. 


Sole foot un expanded termina motor neuron in a myoneural junction. 


Motor end plate A depressi 00 


a within which the sole foot is placed 
at the myoneural juncti 


Motor point-The point on am fibre at which it receives a motor neuron. 
Motor unit—A motor neuron and its branches together with the group of muscle 
fibres innervated by them, : 


End plate potential (EPP)—The potential difference developed in the end plate 
due to its depolarization. 
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5.12. A Few Comparisons 
5.12.1. COMPARISON OF SKELETAL, SMOOTH AND CARDIAC MUSCLES 


. etz. Skeleta musde | Smooth musele | Cardiac musele | 


[1] Location On bones. Walls of visceral organs } Wall of heart. 
organs and blood vessels, 
hair follicles etc. 
Fusiform. 


Elongated, cylindrical 
and branched with 
syncitium. 
Poorly present. 


[2] Cell shape Elongated, cylindrical 


unbranched. 


[3] Cross Absent. 
Striations 


[4] Nucleus 


Prominently present. 


Single (or two), cen- 
trally placed. 
Less extensive. 


More than one, periphe-| Single, centrally placed. 
rally placed. 


Extensive. 


[5] Sarcoplasmic Very poorly developed. 
reticulum 


[6] Cell junction 


Present (Intercalated 
disc). 
Single type. 


Absent. Present (Tight junction). 


‘Two types-visceral and 
multi-unit. 
Calmodulin. 


Two types-red (or slow) 
and white (or fast). 
Troponin. 


[7] Fibre types 


[8] Ca** binding Troponin. 
protein 

[9] Control 

[10] Function 


Involuntary. 
Pumping of blood. 


Involuntary. 
Movement of visceral 
organs. 


Voluntary. 
Movement and locomo- 
tion ; carrying load, 
regulation of posture ; 
heat production. 

Rapid twitch type or 
sustained tonic type 
(non-rhythmic). 


5.12.2. DIFFERENCE BETWEEN RED (SLOW) AND WHITE (FAST) MUSCLES 


Red (or slow) muscles 


[1] Structural features-(a) these are less 
straited, i.e., their striations are not so 
prominent. 

(b) They have more blood capillaries and 
mitochondria. 

[2] Chemical composition-They contain 
more myoglobin, the O, binding red pigment 
of muscles which is analogous to hemoglobin; 
hence they look red and are so named. 

[3] Functional characteristics—(a) Con- 
tractions are slow, weak and sustained ; hence 
such muscle fibres are called slow type fibres. 
(b) They contract aerobically, hence not easily 
fatigued. 

(c) They help in maintenance of posture 
against gravity. 

Examples-Long muscles of neck and back. 


Slow and rhythmic or Slow and rhythmic. 


non-rhythmic. 


[11] Nature of 
contraction 


[1] (a) These are more straited, i:e., 
their striations are very prominent. 


(b) They have less blood capillaries and 
well developed sarcoplasmic reticulum. 
[2] They contain less myoglobin , 
hence they look pale and are so named. 


[3] (a) Contractions are fast, forceful 
and short lived ; hence such muscle 
fibres are called fast type fibres. 

(b) They contract anaerobically, hence 
easily fatigued. 

(c) They help in fine and skilled 
movements. 

Examples-External ocular muscles, 
muscles of tongue, lips and hand. 
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5.12.3. DIFFERENCE BETWEEN SINGLE UNIT AND MULTI-UNIT SMOOTH 
MUSCLES 
Single unit smooth muscle Multi-unit smooth muscle 
L1) It is found in the walls of hollow | III It is found in eye, skin erc. 
viscera, 
[2] Muscle fibres are interconnected 
having functional syncitium. 


(2] Muscle fibres are discrete and 
separate without functional 
syncitium. 

[3] It does not show pacemaker activity. 


[3] It shows pacemaker activity when 
stretched. 

[4] Muscle fibres contract together 
(simultaneously). 

[5] Its contraction is independent of 

nerve stimulation. 


[4] Muscle fibre contract individually. 


[5] It is activated by nerve or chemical 
agents. 


5,124. DIFFERENCE BETWEEN ACTIN FILAMENT AND MYOSIN FILAMENT 


[1] Itis the thick myofilament. 

[2] Present in A-bands (or dark bands) 
only. 

[3] Itis less in number. 

[4] Acts as ATP-ase enzyme. 


[1] Itis the thin myofilament. 

[2] Present in both I-bands (light bands) 
and A-bands (dark bands). 

[3] It is more in number. 

[4] Does not act as ATP-ase enzyme. 


5.12.5. DIFFERENCE BETWEEN MYOGLOBIN AND HEMOGLOBIN 


Myoglobin Hemoglobin 


[1] It is the red pigment of metallopro- | [1] It is the red pigment of metalloprotein 
tein nature, found in muscle cells. nature, found in red blood cells. 

[2] lis affinity for O, is higher than that | [2] Its affinity for O, is less than that of 
of hemoglobon. myoglobin. 

[3] It helps to store O, in the muscles, [3] It helps to carry O, and CO, in blood. 


§,12.6, DIFFERENCE BETWEEN ISOTONIC AND ISOMETRIC CONTRACTIONS 
[1] Muscle shortens in length. [1] Muscle does not shorten in length. 
[2] Tension is not increased considerably. | [2] Tension is considerably increased. 
[3] Tension is dependent on the load | [3] Development of tension depends on 
applied to the muscle and not on the the strength of stimulus, 


strength of stimulus, 
[4] External work or movement of an | [4] No external work or movement of an 
organ occurs. organ occurs. 


[5] Heat production is less because some | [5] Heat production is greater because no 
of the energy expenditure is utilized energy is spent for shortening of the 
for mechanical work or shortening muscle and the entire energy 
of the muscle, expenditure is converted to heat. 
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5.12.7. DIFFERENCE BETWEEN REFRACTORY PERIOD OF SKELETAL 


AND CARDIAC MUSCLES 
Refractory period of skeletal muscle | Refractory period of cardiac muscle 
{1} Itis very prolonged. 


II Itis very short, 

(2) It falls within the latent period. [2] It occupies the entire period of con- 
traction and relaxation. 

[3] Due to this, the cardiac muscle is not 

easily summated, telanized and 

fatigued. 


[3] Due to this, the skeletal muscle is 
easily summated, tetanized and 
fatigued. 


5.12.8. DIFFERENCE BETWEEN REFRACTORY PERIOD AND LATENT 
PERIOD OF SKELETAL MUSCLE 


Refractory period of skeletal muscle Latent period of skeletal muscle 


[1] It is the time gap during which a |[1] It is the time gap between the point 
second stimulus fails to elicit a of stimulation and onset of contrac- 
response in a skeletal muscle. tion of a skeletal muscle. 

[2] Its duration is shorter and it falls 21 Tts duration is greater and it includes 

within the latent period. the refractory period. 


5.12.9. DIFFERENCE BETWEEN AXON AND DENDRON 


[1] lis the long and usually unbranched. [1] It is the short and usually highly 


branched. 
[2] In a neuron, it is usually only one in [2] In a neuron, it is usually many in 
number, number. 


[3] Nissl granules are absent in it. [3] Nissl granules are present in it. 
[4] t may or may not have myelin sheath [4] It does not have myelin sheath and 


and neurolemma. neurolemma. 
[5] It conducts impulse away from the [5] It conducts impulse towards the cell 
cell body. n body. 


5.12.10. DIFFERENCE BETWEEN NEURON AND NEUROGLIA 


I] Itis the structuraland functional unit | (1) It is the supporting element of 
of nervous tissue. nervous tissue. 


[2] Its processes are differentiated into | [2] Its processes are not differentiated 


axon and dendron. into axon and dendron. 


[3] It cannot divide. [3] It can divide. 


4] It has excitability, ie; it can conduet | [4] It is not excitable, ie., it cannot 
impulse. : conduct impulse. 
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5.12.11. DIFFERENCE BETWEEN NERVE FIBRE AND MUSCLE FIBRE 


11) Nerve fibre means the axon of a 
nerve cell (neuron), 

(2) Its plasma membrane is called 
axolemmna, 


(3) u may ot may not have myelin sheath 
and sheath of Schwann. 

{4} It contains axoplasm and neuro- 
fibrils, 


{5}. It may of may not contain nucleus 
(of Schwann cell). 
{6} It contains mitochondria but no other 


cytoplasmic organelle. ._, 
m It has Conductivity but no contracti- 


lity. 


[1] It is the extemal covering of nerve 
fibre (present over the axolemma or 
myelin sheath), — 

(2) It is not present in all nerve fibres 
(present in peripheral nerve fibres 
but not in central nerve fibres). 

[3] Itcontains nucleus of Schwann cells. 

[4] It helps in regeneration of damaged 


nerve fibres, 


5.13. Matters to Recollect 


[L] Muscle fibre means a muscle cell. 


(2) Its plasmamembrane is called 
sarcolemma, 

[3] It does not have myelin sheath and 
sheath of Schwann, 

[4] It contains sarcoplasm and 
myofibrils, 

[5] It contains nucleus, 


{6} It contains all the cytoplasmic 


organelle, 
{7} It has both conductivity as well as 
contractility, 


(1) It is the external covering (plasma 
membrane) of muscle fibre. 


{2} Iris present in all muscle fibres. 
I It contains no nucleus. 


[4] It helps in conduction of impulse in 
the muscle fibres. 


© Muscles are made up of elongated cells called muscle fibres. 

* Muscles ure of three types~skeletal, smooth and cardiac, 

Skeletal muscle is striated and voluntary. 

© Smooth muscle is nonstriated and involuntary, 

ew Cardiac muscle is striated and involuntary. 

E Skeletal muscles are of two types-red (slow) and white (or fast). 

r Smooth (or plain) muscles are of two types~single unit and multi-unit. 

. Skeletal muscles are attached to bones by tendons. 

© Contractile muscle proteins are-actin, myosin, troponin and tropomyosin. 
Licht bands contain only actin whereas dark bands contain both actin and 


myosin. 
e Contractile unit of a myofibril is called sarcomere extending from one Z-line to 


the next. 
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er The T-tubule passes through A- junction in mammalian skeletal muscles and 
through Z-line in cardiac muscle. 
During muscle contraction, the A-band remains unchanged but the I- and H- 
bands are reduced or obliterated, 
Myosin has ATP-ase activity, 
‘Troponin is a calcium binding protein, 
Intercalated disc is found in cardiac muscle. 
Receptors are also called biological transducers. 
Receptors for sight, hearing and smell are called telereceptors. 
structural and functional units of nervous system. 


Node of Ranvier is found in myelinated fibres. 

A nerve is made up of many nerve fibres (axons of different neurons). 
Synapse means junction between two neurons. 
Neurotransmitters are chemical substances stored in axon terminal for synaptic 
or neuromuscular transmission, ; 

‘The junction between a motor and a muscle fibre is called neuromuscular 
(or myoneural) junction. 
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5.14. Summary ae 


specialised tissues ‘meant for contraction and relaxation which 
body parts and locomotion, Nervous tissue is meant for 
impulses (information) from one part of the body 10 another which 
f three types~skeletal (striated 


muscle fibres are also c 
muscle fibres are fusiform having a single central nucleus. Adjacent cells of 
cardiac muscle and some smooth muscles remain functionally interconnected 
through interdigitation of their plasma membranes (sarcolemma). Skeletal and 
cardiac muscle fibres show cross striations (alternate dark and Tight bands) due 
to specialised arrangement of myofilaments (actin and myosin). Smooth mascle 
fibres also possess actin and myosin filaments but due to the Jack of proper array 
of these filaments, they do not show cross striations. 

In skeletal and cardiac muscle fibres, there is a well developed conducting 
system called sarcotubular system which links excitation of the muscle fibres 
with the contractile response. When a muscle is excited, it contracts’ due to 
sliding of myofilaments which is initiated by increase in Ca** concentration 
within the muscle fibres. 

Skeletal muscles are of two types-red muscles which contract slowly (hence 
also called slow muscles) and white (or pale) muscles which contract rapidly 
(hence called fast muscles). Smooth muscles are also of two types-single unit 
and multi-unit. In the former type: muscle fibres remain interconnected, $0 they 
contract together like an unit, But in the latter, muscle fibres are separate, 
contracting individually. Skeletal muscles and multi-unit smooth muscles are 
excited by stimulation of the motor nerves supplying them whereas cardiac muscle 
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and single unit smooth muscles are self excitable, having pace-maker activity, 
Muscles show various properties like excitability, contractility, all or none law, 
refractory period, summation, tetanus, fatigue and rigor mortis. Skeletal, cardiac 
and smooth muscles differ in these properties. Muscle contractions are of two 
main types-isotonic and isometric. In isotonic contraction, a muscle shortens in 
length without considerable rise in tension whereas in isometric contraction, 
tension is raised without shortening. 

Nervous tissue is composed of two types of cells-neurons (structural and 
functional units Of nervous system) and neuroglia (supporting cells), A neuron 
consists of a cell body and two types of processes—dendron (afferent process) 
and axon (efferent process), Peripheral ending of sensory neurons or specialised 
sensory cells are called receptors which inform the brain’ about the external 
environment and internal conditions of the body. The junction between two neurons 
is called synapse where the axon terminal of one neuron comes in close contact 
with the dendron or cell body of the next neuron in series, leaving a small gap. 
The junction between a motor neuron and a muscle fibre is called neuromuscular 
junction. Transmission of impulse through synapse or neuromuscular junctions 
is mediated through neurotransmitters stored in axon terminals. 


5.15, Naming/ Discovery/Discoverer nm 


[1] Vesalius and Harvey (1664) first suggested that muscles are capable of 
contraction. i 
[2] John Brown (1780) introduced to term ‘excitability’ replacing the older term 
irritability. 
[3] Berzelius (1841) discovered formation of lactic acid in muscle contraction. 
[4] Helmholtz (1848) first measured heat production of muscle using thermopile. 
[5] Waller (1850) first showed the process of nerve degeneration. 
[6] Wagner (1851) first showed the dependence of axon upon the cell body of a 
neuron. 
[7] Claude Bernard (1857) discovered-(i) glycogen (an important source of energy) 
in muscle and (ii) curare (an inhibitor of neuromuscular transmission. 
(sI Foster and Sherrington (1897) first gave the idea of synapse. 
[9] Eggleton and Eggleton (1927) discovered creatine phosphate in muscle. 
10 Lohmann (1929) discovered ATP in muscle. 
[11] Gopfert and Schaefer (1938) discovered end plate potential (or EPP). 
[12] E. Bozler (1940) classified smooth muscles into single unit and multi-unit types. 
[13] A. F. Huxley and H. E. Huxley (1953) explained the structural changes in muscle 
during contraction. 
[14] H. E. Huxley and J. Hanson (1954), and A. F. Huxley and R. Neidergerke 
(1954) proposed the ‘sliding filament theory’ of muscle contraction, 
[15] A. V. Hill described the stages of heat production in muscle due to contraction. 


5.16. Some Diseases/Disorders Of Nerve and Muscle 
[1] Glioma—Tumors of neuroglia. 
[2] Hemiplegia—Paralysis of one side of the body. 
[3] Myalgia— pain in muscles. 
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[4] Myasthenia gravis (Myasthenia = muscular weakness ; gravis = serious)—A 
neuromuscular disease of autoimmune origin in which the acetylcholine receptors 
in the end plate are dammaged, characterized by chronic progressive muscular 
paralysis without atrophy. 

[5] Myatonia—Defective muscular tone. 

161 Myatrophy—Atrophy of muscles. 

{7} Myitis (or Sarcitis)—Inflammation of muscle, 

[8] Myoma—A tumor formed of muscular tissue, 

[9] Myolipoma—A myoma with fatty elements. 

[10] Muscle dystrophies—Progressive and unremitting muscular weakness. 

fn) Neuritis—Inflammation of a nerve. 

[12] Paralysis—Loss of voluntary movement (motor paralysis) or sensation (sensory 
paralysis) due to lesion of a nerve. 

{13} Paraplegia—Paralysis of upper or lower half of the body, usually affecting the 
lower half (i. e., both the legs). 

[14] Poliomyelitis—A communicable disease caused by infection of ‘polio virus’ 
producing muscular,atrophy and paralysis. It is more common in children ; hence 
formerly known as infantile paralysis, ; 


5,17. Answers To Some Special Questions 


[1]. Classify muscular tissue, . [J.E.E. 1988) 
Ans. Muscular tissue is classified into three types— 
[i] Skeletal or striated or voluntary muscles— These are attached to skeleton. 
Their fibres are cylindrical, unbranched and cross striated with many, peripherally 
placed nuclei, These are under voluntary control. 
[ii] Smooth or plain or involuntary muscles—These are found in visceral 
organs, blood vessels, skin, eye erc., and are beyond voluntary control. Their 
muscle fibres are spindle shaped and non-striated with a centrally placed nucleus. 
[iii] Cardiac (or striated-involuntary) muscle—It is the muscle of heart. Its 
fibres are cylindrical, branched and cross striated with one or two centrally placed 
nuclei, [tis also beyond voluntary control. 0 
[2] (a) What is a sarcomere ? (b) What is the difference between a skeletal 
muscle and cardiac muscle ? [J.E.E. 1990) 
Ans. (a) A sarcomere is the functional (or contractile) unitof a myofibril and it is the 
segment of the myofril extending from one Z line to the next Z-line. 
(b) 


N 
i 1 


Skeletal muscle 


Mostly attached to bones, 
2. Muscle fibres cylindrical and un- 
branched with prominent cross 

striations. 
3, Multinucleated with peripheral 
nuclei. ; 
4. Intercalated disc absent. 
5. Controlled voluntarily. 
6. Contractions usually rapid and 
non-rhythmic. 


present in heart. 

2. Muscle fibres cylindrical and bran- 
ched with less prominent cross 
striations. 

3. Nucleus only one or two and cen- 
trally placed. 

4. Intercalated disc present. 

5. Controlled involuntarily. 

6. Contractions slow and rhythmic. 
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[3] What is the type of muscular contraction when we flex our arm ? 


Ans. 


[4] 


Ans. 


[5 


= 


Ans. 


[6] 


Ans. 


[7] 


Ans. 


IJ. E. E. 1991] 
Isotonic contraction of flexor muscles of arm. 
(a) Mention the steps following stimulation of a motor nerve upto contraction 
of muscle. (b) What type of contraction produces more heat—isotonic or 
isometric ? [J.E.E. 1993] 
(a) Stimulation of a motor nerve —- Generation of action potential in the 
nerve and its propagation upto the neuromuscular junction — Release of 
acetylcholine from the nerve ending and its diffusion to the sarcolemma ——> 
Depolarization of sarcolemma —> Generation and propagation of action 
potential in the muscle membrane —> Release of Ca** from sarcoplasmic 
reticulum—- Activation of myosin ATP-ase and binding of Ca with troponin 
Formation of cross bridges between actin and myosin —> Contraction of 
the muscle, 
(b) Isometric contraction produces more heat. 
(a) What is refractory period of voluntary muscle ? (b) How would you 
explain muscle fatigue ? (c) Mention the name of the contractile proteins of 
muscle. (d) What is sarcomere ? [J.E.E. 1994] 
(a) The brief period after application of the first stimulus during which a voluntary 
muscle cannot be excited by a second stimulus is referred to às the refractory 
period of the muscle. 
(b) Muscle fatigue means a temporary loss of excitability (or unresponsiveness) 
of a muscle due to overwork resulting from repeated stimulation. It is due to- 
(i) inability of the muscle to provide energy for muscular contraction resulting 
from short supply of food and O; in the muscle and (ii) accumulation of metabolic 
end products like lactic acid. 
(c) Actin, myosin, troponin and tropomysin. 
(d) See answer to Q-2(a). 
(a) Why transverse striations are absent in involuntary muscle ? (b) Why a 
red muscle can work much longer time than a white muscle fibre ? 
[J.E.E. 1995] 
(a) Transverse striations are absent in involuntary muscles because in them the 
contractile proteins do not maintain the same spatial arrangementas in voluntary 
muscles. 
(b) A red muscle has more blood supply, myoglobin and mitochondria by virtue 
of which it performs aerobic metabolism. As a result of this, a red muscle has a 
better energy supply system and hence, it can work for much longer time than a 
white muscle, 
(a) What are the similarities between the smooth and the cardiac muscles ? 
(b) Why rest is necessary after violent exercise ? IJ. E. E. 1997] 
(a) Structural similarities : Both smooth and cardiac muscle fibres contain— 
[i] single, centrally placed, nucleus and [ii] electrical junctions in between the 
adjacent fibres, 
Functional similarities : Both are [i] under involuntary control, [ii] not easily 
fatigued and [ii] they show automatic rhythmical activity. 
(b) During violent exercise, the energy stores of the muscles e.g., ATP, creatine 


[8 


= 


Ans. 


[9 
Ans, 
[10] 


= 


Ans. 


(11) 
Ans. 
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phosphate, glycogen etc., are depleted and waste products like lactic acid etc., 
are accumulated. After a violent excercise, rest is necessary to facilitate recovery 
of the muscles to their original pre-exercise state by restoring the energy sources 
and removal of the waste matters. 

Write the distinguishing features of—(a) Skeletal muscle, (b) Cardiac 
muscle. [J.E.E. 1999] 
(a) Skeletal muscle—The fibres of a skeletal muscle are cylindrical, unbranched 
and cross striated with several peripherally placed nuclei. It remains attached to 
the skeletal system and is controlled by our desire (i. e. itis voluntary in nature). 
(b) Cardiac muscle—Itis the muscle of heart. Its fibres are cylindrical, branched 
and cross striated having a centrally placed nucleus and intercalated discs. It is 
of involuntary nature. 

Name the longest muscle in our body. IJ. E. E. 1999] 
Sartorius (a muscle of thigh). 

(a) What are the chief components of myofibrils ? (b) Why does the nucleus 
lie in the periphery of skeletal muscle fibres ? [J.E.E. 2000] 
(a) Myosin filaments and Actin filaments. 

(b) During the development of muscle fibres from the myoblasts, myofibrils 
increase in quantity and push the nucleus toward periphery to accommodate the 
myofibrils at the central core of the muscle fibre. This why the nucleus lie at the 
periphery of the skeletal muscle fibres. 

What is tetanus ? IH. S. 1987] 
Tetanus is a property of skeletal muscles due to which when a muscle is repeatedly 
stimulated in quick succession; it attains a state of sustained contraction without 
intervening periods of relaxation. It occurs due to summation or overlapping of 
successive contractions so that the contraction caused by a stimulus begins before 
the completion of the previous contraction. 

The term tetanus also refers to a highly fatal disease caused by infection of the 
bacteria Clostridium tetani and characterized by convulsive and spasmodic 
contractions of the voluntary muscles. 

Give one example of isotonic muscular contraction. 

Folding of arm or leg. ; 

(a) Explain “all or more” law. (b) Which muscle is responsible for this 
property ? (e) Why heart muscle cannot be fatigued in spite of continuous 
activity ? [H.S. 1995, 98 


. (a) All or none law states that when a muscle is stimulated, either it responds 


(contracts) maximally or it does not respond at all. That means, if the stimulus is 
adequate, it responds maximally, but if the stimulus is inadequate, it does not 
respond at all. 

(b) Cardiac muscle is responsible for this property ; that means the cardiac muscle 
obeys the law as a whole (i. e., itis applicable for the entire cardiac muscle of the 
heart). However, the skeletal muscles also show this property individual fibre- 
wise but not as a whole (i.e., this law is not followed by the whole skeletal 
muscle), 

(c) Although the heart beats (contracts and relaxes) continuously, the heart muscle 
is not fatigued because of two reasons : 
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(e) Phosphagen means a high energy phosphate bond (~P) containing compound, 
serving as a ready source of energy in muscles. It includes ATP and creatine 
phosphate, 

Why red muscles and white muscles are so named ? 

Red muscles are so named because they look red in colour due to presence of 
rich blood supply and myoglobin (a red pigment) in them. White muscles on the 
other hand have poor blood supply and much less myoglobin ; so they appear 
pale or white and hence so named. 

Name the high energy phosphate bond containing compounds present in 
muscles which supply energy during contraction. 

Adenosine triphosphate (ATP) and creatine phosphate. 

(a) Explain what may happen to the muscles of a man if he is allowed to 
undergo physical exercise for a long time. (b) Why is an athelete advised to 
take glucose after his run ? [Tripura H.S. 1989] 


„ (a) When a man performs physical exercise for a long time, his muscles will 


become fatigued due to depletion of glycogen stores and accumulation of lactic 
acid in the muscles. 
(b) An athelete is advised to take glucose after his run because it helps to restore 
the storage of ATP, creatine phosphate and glycogen in the muscle for future 
use. 
(a) What is a neuron and a synapse ? Draw a sketech of a medullated nerve 
fibre as seen under microscope and label its parts. [J.E.E. 1988] 
(a) Neuron is the structural and functional unit of nervous system consisting of 
a cell body and its processes (axon and dendrons). 
Synapse is the junctional region between two neurons through which nerve 
impulse passes from one neuron to the next. 
(b) For diagram of a medullated nerve see the diagram of neuron (Fig. 5.8) and 
draw the ‘axon’ only. 
What is the chemical substance liberated at myoneural junction ? 

[J.E.E. 1991] 
Acetylcholine. 
(a) What is cutaneous receptor ? (b) Name any three cutaneous receptors 
and mention their functions. IH. S. 1985] 
(a) The neural receptors or the peripheral sensory nerve endings located within 
skin are grouped as cutaneous receptors. 


(b) | Name of the receptor Function 


Sensation of touch. 
Sensation of cold. 


(i) Meissner’s corpuscle 
Gi) End bulb of Krause 


Gii) End organ of Ruffini 4 Sensation of heat. 


(a) Name the receptors for (i) touch, (ii) pain, (iii) sound, (iv) dim light. 
(b) Write short note on node of Ranvier. [J.E.E. 1991] 
(a) (i) Meissner’s corpuscles, Merkel’s discs and free nerve endings (in hair 
follicles) (ii) Free nerve endings (iii) Hair cells of organ of Corti placed on 
basilar membrane of cochlea. (iv) Rods of retina. 


[34] 


Ans. 
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Ans. 
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Ans. 
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Ans. 
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(b) Node of Ranvier—Medullated (or myelinated) nerve fibres show several 
constrictions along their length at regular intervals where the myelin sheath is 
interrupted so that the neurilemma comes in contact with the axis cylinder. These 
constrictions are known as nodes of Ranvier. They are the branching points of 
nerve fibres. They help in saltatory conduction of nerve impulse. 
Where are rod cells and cone cells located and what are their function? 
[J.E.E. 1992] 

Rod cells and cone cells are located in the retina of eye. These are photoreceptors. 
Rod cells are responsible for dim light (night) vision and cone cells are responsible 
for bright light (day) vision. 
(a) How the myelin sheath is formed in central and peripheral nervous 
system ? (b) Do the peripheral non-medullated nerves have neurilemmal 
sheath ? IJ. E. E. 1993] 
(a) In the central nervous system, there is no neutrilemma, and myelination 
takes place by the presence of oligodendroglia cells which surround the axon 
and from myelin. In the peripheral nervous system, the Schwann cells take part 
in deposition of myelin sheath around the axon. 
(b) Yes, The peripheral non-medullated nerves have the neurilemmal sheath. 
Name a neuron without axon. IJ. E. E. 1995] 
Amacrine cell of retina or adrenal medullary cell (any one). 
(a) What is rhodopsin ? (h) Does it occur in arthropods ? 

IJ. E. E. 1996, 2000] 
(a) Rhodopsin is the visual pigment present in rods of retina. It is dchromoprotein 
made up of a carotenoid pigment retinene and a protein opsin. 
(b) Yes, it occurs on arthropods like Limulus (king crab). 
(a) Which type of photoreceptor cell is more sensitive to light? Give reasons 
for your answer. (b) Name the pigment present in this type of receptor. 
(c) Is a photoreceptor cell somatic or neural by function ? (d) Why a person 
can’t see anything when he enters a dark room after being in bright light 
for some time ? [J.E.E. 1997] 
(a) Rod cells are more sensitive to light than cone cells because rods are stimulated 
in dim light or low intensity light whereas cones are stimulated by bright or high 
intensity light. 
(b) The pigment present in rods is rhodopsin. 
(e) A photoreceptor cell is neural in function because it is responsible for 
generation of nerve impulses in the optic nerve. 
(d) When a man is exposed to bright light, the eyes remain light adapted in 
which the cones are functioning. If such a person suddenly enters into a;dark 
room, at first he can’t see anything for a few minutes because shifting of retinal 
function from cones to rods takes some time after which the eyes become dark 
adapted and his vision improves. Moreover, during light adapted condition, the 
photovisual pigment is bleached. Hence, proper vision is not possible in the 
next few minutes so long as the pigment is not regenerated. 
What is sensation ? 
Sensation means a feeling aroused by the environmental condition (stimulus). It 
is caused by discharge of nerve impulses from a receptor to brain when the 
receptor is excited by a stimulus. 
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What are special senses ? 

Sensations originating from stimulation of specialized sense organs localized in 
the head region of the body are called special senses. They include vision (sight), 
audition (hearing), olfaction (small sensation) and gustation (taste) that are 
aroused by specialized sense organs like eye, ear, nose and tongue respectively. 
Mention where the following structures are found-(a) Maculae, 
(b) Dendrite. IJ. E. E. 1999] 


. (a) Maculae (or yellow spot) On the retina of eye. 


(b) Dendrite—On the cell body of neuron. 
Mention the functions of cone cells of retina, IJ. E. E. 1999] 


Cones help in (i) bright light (photopic) vision, (ii) colour vision and (iii) visual 


acuity (accurate vision). 

(a) What is motor unit ? (b) Name the catecholamines. [J.E.E. 1999] 
(a) A motor neuron with its branches and the group of muscle fibres innervated 
and thus controlled by them are collectively called motor unit. 

(b) Adrenalin (or Epinephrine), Noradrenalin (or Norepinephrine) and 
Dopamine. 

(a) Name the receptor situated in the internal ear. (b) What is Meissner’s 
corpuscle ? [J.E.E. 2000] 


. (a) Inner and outer hair cells of Organ of Corti. 


(b) Meissner’s corpuscle is an encapsulated nerve ending type receptor of skin 
responsible for touch sensation. 

Name two excitatory and two inhibitory synaptic neurotransmitters. 
Excitatory—Acetylcholine, Noradrenalin. 

Inhibitory—Gamma amino butyric acid (GABA), Glycine, 

What do you understand by EPSP and IPSP ? 


. EPSP or excitatory postsynaptic potential is the potential difference across the 


postsynaptic membrane due to its depolarization by a transmitter released from 
the presynaptic terminal. 
IPSP or inhibitory postsynaptic potential is the potential difference across the 
postsynaptic membrane due to its hyperpolarization caused by a transmitter 
released from the presynaptic terminal. 
What is organ of Corti ? [J.E.E. 2004] 
Organ of Corti is the receptor for hearing present within cochlea of internal ear, 
and it contains receptor cells called outer and inner hair cells and various types 
of supporting cells. 
What are the functions of voluntary muscle in human body ? 

[Tripura H.S. 1993] 
Voluntary muscles—(i) give shape of the body, (ii) help in movement and 
locomotion, (iii) maintain posture and equilibrium, (iv) help in some vital 
functions like breathing and food intake, (v) help insome other functions like 
speech, self defence (fight or flight), behavioral expressions and 
thermoregulation. They may also act as store house of protein in the body. 
State the functions of retina. IJ. E. E. 2005] 
Retina is the photoreceptive layer of eye. It contain photoreceptors (rods and 
cones) which elicit visual sensation and visual reflexes. 
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Briefly discuss—(a) neurotransmitter and (b) neuroglia. 


Ans. (a) Neurotransmitter is a chemical substance stored in the axon terminal for 


Ans. 


transmission of impulse through synapse or neuromuscular junction. A 
neurotransmitter may be excitatory or inhibitory. Examples are acetyl choline, 
adrenalin, noradrenalin, gamma aminobutyric acid, glycine eic. 

(b) Neuroglia is the supporting cell of nervous tissue. It may be of three types— 
astrocytes, oligodendroglia and microglia. They also help in nutrition, myelin 
sheath formation and removal of waste matters in the nervous tissue. 

Write the full names of-(i) EPSP, (ii) IPSP, (iii) EPP, (iv) GABA, 
(v) A-band, (vi) I-band, (vii) T-tubule, (viii) L-tubule. 


. (i) Excitatory postsynaptic potential. (ii) Inhibitory postsynaptic potential. 


(iii) End plate potential. (iv) Gamma amino butyric acid. (v) Anisotropic band. 
(vi) Isotropic band. (vii) Transverse tubule, (viii) Longitudinal tubule. 

Where are the following found ? 

(a) Intercalated disc, (b) Cross striated muscle fibres, (c) Myelin sheath, 
(d) Nissl granules, (e) Neurotransmitters, (f) Single unit smooth muscles, 
(g) Tropomyosin, (h) Telodendria. 

(a) Cardiac muscle: (b) Skeletal and cardiac muscles. (e) Myelinated axons. 
(d) Cell body and dendrons of neurons. (e) Axon terminals. (f) Visceral organs. 
(g) Muscle fibres (skeletal, cardiac and smooth). (h) Axon terminals. 
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Describe the structure of skeletal muscles. (Ans. 5.3) 
Describe the mechanism of contraction of skeletal muscles.” (Ans. 5.3) 
Describe the structure and mechanism of contraction of cardiac muscle. (Ans. 5.4) 
Describe the structure and mechanism of contraction of smooth muscle. (Ans. 5.5) 
Write what you known about-(a) red and pale muscles, (b) single unit and multi-unit smooth 
muscles. (Ans. 5.3 ; 5.5) 
Discuss the properties of muscle. (Ans. 5.6) 
Discuss any four properties of skeletal muscles. (Tripura H.S. 1988] (Ans. 5.6) 
What is meant by the following properties of skeletal muscle—(i) all or none law, (ii) refractory 
period, (iii) fatigue, (iy) tetanus. [H.S. 1989] (Ans. 5.6) 
Explain with examples the isotonic and isometric contraction of skeletal muscle? (Ans. 5.6) 
Elaborate the terms muscular Fatigue and “Tetanus’. II. S. 2001] (Ans. 5.6) 
Discuss the chemical and thermal changes that take place during skeletal muscle contraction. 

[J-E.E. 1983] (Ans. 5.3) 
Mention two characteristic features of the muscles connected with skeleton and discuss its 


properties. (HLS. 1991] (Ans, 5.3 ; 5.6) 
What is isotonic and isometric muscular contraction ? Discribe the properties of voluntary 
muscles. (Ans. 5.7 ; 5.6) 


Explain ‘all or none law’. Which muscle is responsible for this property ? Why heart (cardiac) 
muscle is not fatigued inspite of continuous activity ? 
[H.S. 1995, 98, 2001] (Ans. 5.17, Q-13) 
What are receptors ? Classify them according to their function. (Ans. 5.8) 
What is a neuron ? Describe the structure of a neuron. (Ans. 5.9) 
Briefly describe the characteristics and process of synaptic transmission. 
[J.E.E. 2002] (Ans. 5.10) 
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Describe the structure of a synapse with diagram and transmission of impulse through it. 


(Ans. 5.10) 
Describe the structure of myoneural junction and the process of transmission of impulse through 
it. (Ans. 5.11) 
What is rigor mortis ? What is its:cause and significance ? (Ans. 5.6) 
Short answer type questions : 
Why skeletal muscles are called striated muscles ? (Ans. 5.2) 
What do you mean by striated involuntary muscle ? (Ans. 5.2) 
Why visceral muscles are called plain muscles ? (Ans. 5.2) 
Why nerve and muscle are said to be excitable ? (Ans. 5.1) 
What do you mean by nerve fibre and muscle fibre 2 (Ans, 5.1, S. 9) 


What is refractory period of voluntary muscle ? How do you explain muscle fatigue ? Mention 
the name of contractile proteins of muscle. What is sarcomere ? 
y [J.E.E. 1994] (Ans. 5.17, Q-5) 
What is all or none law ? How does it differ in skeletal and cardiac muscle ? (Ans. 5.6) 
What is the type of muscle contraction when we flex our arm ? 
[J.E.E. 1991] (Ans. 5.17, Q-3) 
What are the functions of voluntary muscle in human body ? 
[Tripura H.S. 1993] (Ans. 5.17, Q-48) 
What type of contraction produces more heat-isotonic or isometric ? 
[J.E.E. 1993] (Ans. 5.17, Q-4b) 
Why transverse striations are absent in involuntary muscles ? Why a red muscle works much 
longer time than a white muscle ? [J.E.E. 1995] (Ans. 5.17, Q-6) 
Write two main characteristics of skeletal muscles and mention their properties. 
IH. S. 1997] (Ans. 5.17, Q-14) 
What are the chief components of myofibrils ? Why does the nucleus lie in the periphery of the 
skeletal muscle ? IJ. E. E. 2000] (Ans. 5.17, Q-10) 
Mention the structural changes occurring in skeletal muscles during contraction. 
(Ans. 5.17, Q-18) 
What is isometric muscle contraction ? Why fatigue occurs in skeletal muscle ? 
IJ. E. E. 2001] (Ans. 5.7 ; 5.6) 
Define muscle fatigue and mention its cause in skeletal muscle. IJ. E. E. 2003] (Ans. 5.6) 


Explain all or none law’ in case of skeletal muscle. [J.E.E. 2004] (Ans. 5.6) 
What is organ of Corti ? [J-E.E. 2004] (Ans. 5.17, Q-47) 
What is a synapse ? [J.E.E. 2005] (Ans. 5.17, Q-30a) 
State the functions of retina. [J-E.E. 2005). (Ans, 5.17, Q-49) 


Briefly discuss the follow ing-(i) Neurotransmitter, (ii) Neuroglia, (iii) Myofibril. 
(Ans. 5.17, Q-50 ; 15b) 


Name a neuron without axon. [J.E.E. 1995] (Ans. 5.17, Q-36) 
Name the receptors for sensation of pressure and touch, (Ans. 5.8) 
Why synaptic transmission is unidirectional ? (Ans. 5.10) 


Write the full names of-(i) IPSP, (ii) EPP, (iii) GABA, (iv) A-band, (v) T-tuble. 

(Ans. 5.17, Q-51) 
Where are the following found ? 
(a) Intercalated disc. (b) Cross straited muscle fibres. (c) Myelin sheath. (d) Nissl granules. (e) 
Neurotransmitters. (f) Single unit smooth muscles. (g) Tropomyosin. (h) Telodendria. 

(Ans. 5.17, Q-52) 


Name the types of smooth muscles. (Ans. 5.5) 
Which muscles show pace maker activity ? (Ans. 5.4 ; 5.5) 
Who proposed the sliding filament theory of muscle contraction ? (Ans. 5.3) 
What do you mean by summation of contraction and summation of stimuli in skeletal muscle? 

(Ans. 5.6) 


Name the receptors for-(a) heat, (b) cold, (c) pain, (d) taste, (e) smell. (f) vision, (g) hearing. 
1 (Ans. S. 8) 
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Distinguish (compare) between : 


Skeletal, Smooth and Cardiac muscle. [J.E-E. 1994, 2000] (Ans. 5.12.1) 
Isotonic and Isometric muscle contraction. [J.E.E. 1988, 2002] (Ans. 5.12.6) 
Red muscle and White muscle. (Ans. 5.12.2) 
Single unit and Multi-unit smooth muscle. (Ans. 5.12.3) 
Actin and Myosin filaments. (Ans. 5.12.4) 
Myoglobin and Hemoglobin. (Ans, 5.12.5) 
Axon and Dendron. 7 (Ans. S. 12.9) 
Neuron and Neuroglia. (Ans. 5.12.10) 
Muscle fibre and Nerve fibre. (Ans. 5.12.11) 
Neurolemma and Sarcolemma. (Ans. S. 12.12) 


Write brief notes on: 


[1] Red muscles (Ans. S. 3). [2] Pale muscles (Ans. 5.3)..[3] All or none law of muscles (Ans. 
5.6). [4] Muscle fatigue (Ans. 5.6). [5] Tetanus. (Ans. S. ö, 5.17, Q-11). [6] Sarcotubular system 
(Ans. 5.3, 5.4). [7] Rigor mortis (Ans. 5.6). [8] Neuron (Ans. 5.9). [9] Neuroglia (Ans. 5.9). 
[10] Synapse (Ans. 5. 10). 


Fill in the blanks: 

Muscle which is not under will is called musele. IH. S. 19921 

Under suitable stimulation, the properties of skeletal muscle are and 5 
III. S. 1994] 

In isotonic contraction, of the muscle is reduced. 


In skeletal muscles, refractory period is than latent period. 

Junction between two neurons is called 
are also called peripheral analyzers. 

The portion between two successive Z-lines is called 

In muscles, the cell membrane is called 

Node of Ranvier is found in axons. 
is also called sheath of Schwann. 


Complete the sentences with suitable words from those given in parentheses : 


The time gap during which a muscle does not respond to a second stimulus is called 

period. (latent/refractory/fatigue) 

The human muscular system involyes 

Muscles are attached to bones by . (ligaments/tendons/cartilages) 

The contractile unit of skeletal muscle is called . (sarcomere/sarcoplasm/myofibril) 

Acetylcholine is a kind of . (neurohormone/nucleoprotein/neurotransmitter/enzyme) 
III. S. 1998] 

s (uninucleated/binucleated/multinucleated/non-nucleated) 

(only myosin/only actin/both actin and myosin/ 


muscles. (332/560/656) II. S. 1999] 


Smooth muscle cells are 
The I-band of skeletal muscle contains 
neither actin nor myosin). 
has ATP-ase activity. (Actin/Myosin/Troponin/Tropomyosin). 
Thin myofilaments are made up the protein . (actin/myosin/troponin/tropomyosin), 
is a contractile muscle protein. (Creatine/Myoglobin/Myosin/Adrenalin). 
Muscle spindle is a . (thermoreceptor/chemoreceptor/proprioceptor/nociceptor) 
Schwann cells are found in . (muscles/nerves/synapse/dendron). 
Choose the correct answer : Multiple choice type questions : 
Skeletal muscle fibres are: 
(a) striated. (b) branched. (c) involuntary. (d) none of these, 
Smooth muscles show : 
(a) excitability. (b) conductivity. (c) contractility. (d) all of these. 
Cardiac muscle cells are : 
(a) multinucleated. (b) involuntary. (c) unbranched. (d) all of these. 
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Muscle present in the intestine is a type of: 

(a) striated muscle. (b) plain muscle. (c) voluntary muscle. (d) all of these. 

Which of the following is the contractile part of a skeletal muscle fibre ? 

(a) sacolemma. (b) sarcoplasm. (c) sarcoplasmic reticulum. (d) myofibril. 

The A-band of cardiac muscle fibre contains : 

(a) only actin. (b) only myosin. (c) both actin and myosin. (d) none of these. 

The H-band of skeletal muscle fibre contains : 

(a) actin. (b) myosin. (c) both (a) and (b). (d) none of (a) and (b). 

Which of the following is formed by invagination of sarcolemma ? 

(a) T-tubules, (b) L-tubules. (c) terminal cisternae. (d) None of these. 

Which of the following is reduced in width during contraction of a skeletal muscle ? 

(a) light band. (b) dark band. (c) both dark and light bands. (d) none of dark or light band. 
In a muscle ATP is required for: 

(a) contraction. (b) relaxation. (e) both (a) and (b). (d) none of these. 

Pale muscles have: 

(a) prominent striations. (b) more myoglobin. (c) both (a) and (b). (d) none of (a) and (b). 
In which of the following troponin is absent ? N 

(a) skeletal muscle. (b) cardiac muscle. (c) smooth muscle. (d) none of these. 

Which of the following is a telereceptor ? 

(a) pacinian corpuscle. (b) Merkel’s disc. (c) end bulb of Krause. (d) rod cells of retina. 
In which of the following part(s) of a neuron acetyl choline is stored ? 

(a) dendron. (b) cell body. (c) axon terminal. (d) all these. 

In which of the following node of Ranvier is found ? 

(a) neuroglia. (b) dendron. (c) somatic motor nerve fibres supplying a muscle. (d) unmyelinated 
axons. 

In synaptic transmission the impulse flows from : 

(a) dendron to axon. (b) axon to dendron. (c) both (a) and (b). (d) None of these. 


Write whether the following statements are true or false: 


All striated muscles are attached to bones. 

White muscles are fatigued earlier than red muscles. 

Nerve fibres are nerve cells. 

In skeletal muscle, dark band is called I-band. 

Ca* is required for ATP. ase activity of thin filaments. 

During contraction of skeletal muscle, H-band is reduced in width. 

Thick myofilaments are made up of tropomyosin. 

Red muscles are slow muscles. 

Clonus is due to summation of repetitive stimuli. 

Rigor mortis is caused by fall of ATP level in muscles after death. 

Isotonic and isometric contraction can occur in both skeletal and cardiac muscles. 
In cardiac muscle, the refractory period is much shorter than that of skeletal muscles. 
Excitability of a muscle is.inversely proportional to its chromaxie. 

A synapse may show the property ‘fatigue’. 

Schwann cell helps in myelin sheath formation. 


Answer to Q. No. D, E, F and G 


[1] Involuntary. [2] Excitability, contractility. [3] Length. [4] Shorter. [5] Synapse. 
[6] Receptors. [7] Sarcomere. [8] Sarcolemma. [9] Myelinated. [10] Neurolemma. 

[1] Refractory. [2] 656. [3] Tendons. [4] Sarcomere. [5] Neurotransmitter. [6] Uninucleated. 
[7] Only actin. [8] Myosin. [9] Actin: [10] Myosin. [11] Proprioceptor. [12] Nerves. 

[1] (a). [2] (d). [3] (b). [4] (b). [5] (d). [6] (c). [7] (b). [8] (a). [9] (a). 110] (©). III (a). 
[12] (c). [13] (d). [14] (c). [15] (c). [16] (b). 

[1] False. [2] True. [3] False. [4] False. [5] False. [6] True. [7] False. [8] True. [9] False. 
[10] True. [11] True. [12] False. [13] True. [14] True. [15] True. 


Nervous System 


Topics Discussed ; Organization of netyous system; Functions of nervous system: Major parts of brain and 
their functions ; Cranial neryes ; Ventricles of brain and cerebrospinal fluid ; Spinal cord: Spinal nerves ; 
Autonomic nervous system; Reflex action ; A few. comparisons. 


6.1. Introduction 


In higher animals, the nervous system and the endocrine system have evolved for 
regulating the functions of different organs of the body and for maintaining co-ordination 
between their activities. So, these two systems are considered as ‘co-ordinator of 
body functions’. The nervous system receives informations from different sensory 
organs (receptors) and integrates them to determine the response to be made by the 
body. It regulates the activities of different organs according to the need of the body. 
Thus, the nervous system keeps the body aware of the changes occurring in its internal 
or external environment and helps the body to react properly so that it can cope with 
different situations. The nervous system acts very rapidly but its actions are relatively 
short lasting whereas the endocrine system acts slowly for a prolonged period. In general, 
the nervous system contřols the rapid activities of the body such as muscular contractions, 
rapidly changing visceral events, and even the rates of secretion of some endocrine 
glands. In contrast, the endocrine system regulates mainly the metabolic functions of 
the body. For regulation of visceral organs, at first the neural mechanisms come into 
action to initiate the regulatory process, then the endocrinal (hormonal) mechanisms 
bcome active and maintain the regulatory process for longer periods. So, among the 
two regulatory systems, the nervous system is considered to be of prime importance 
because—(i) it initiates the regulatory processes, and (ii) it controls most of the endocrine 
organs. The branch of physiology which deals with the role of nervous system in the 
body is called neurophysiology. 


6.2. Organization of Nervous System 


The nervous system is made up of two types of cells—neurons (structural and 
functional units of nervous system) and neuroglia (supporting cells). Neurons are highly 
specialized cells which carry out the functions of nervous system by transmitting 
informations in the form of nerve impulses from one part of the body to another, through 
complex pathways involving synapses. There are more than 10,000 million (1000) 
neurons in the nervous system of man that are formed during foetal life. After birth, the 
neurons do not divide ; hence new neurons are not formed. However, with growth and 
development of the body after birth, the neurons increase in length and new synapses 
(i.e., more complex neural connections) are formed for development of higher neural 
functions e.g., learning, memory etc. Neuroglia cells support and nourish the neurons. 
They. continue to multiply after birth and are far more (about 10 times) in number than 
the: neurons. 
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The nervous system is anatomically divisible into two main parts—central nervous 
system (CNS) and peripheral nervous system (PNS). The CNS comprises of brain 
and spinal cord which lie in the axial part of the body and remain protected by the 
bony covering of cranium (brain box) and vertebral column respectively. The brain 
(also known as encephalon) is the upper, expanded part of CNS lying within the cranial 
cavity. Adult human brain weighs about 1.36 kg in males and 1.25 kg in females. From 
above downward, the human brain is divisible into three primary regions—forebrain 
(prosencephalon), midbrain (mesencephalon) and hindbrain (rhombencephalon). 
Forebrain is the largest part of human brain, and is further divided into two parts— 
cerebrum (telencephalon) and diencephalon (or thalamencephalon), Diencephalon 
comprises of thalamus and hypothalamus. The midbrain remains undivided. The 
hindbrain is also further divisible into two parts—metencephalon and myelencephalon 
(medulla oblongata or medulla). The metencephalon comprises of pons and cerebellum. 
Midbrain, pons and medulla are together called brain stem. Spinal cord is the long, 
tubular lower part of the CNS lying within the cavity of vertebral column (backbone or 
spine). It is continuous with medulla oblongata at its upper end. The spinal cord is 
divisible into 31 segments. 


Cerebellum 


Spinal Cord 


Fig. 6.1 : [A] Human nervous system (dorsal view), 
[B] Central nervous system (right lateral view). 


The PNS includes all the nerve pathways of the body outside the brain and spinal 
cord, These pathways connect the CNS with various parts of the body, extending upto 
the periphery. The PNS comprises of 43 pairs of nerves (43 on left side and 43 on right 
side), Among these, 12 pairs of peripheral nerves are connected to brain; these are 
called cranial nerves. The remaining 31 pairs of peripheral nerves are connected to 
spinal cord (one pair connected to each segment of spinal cord) ; hence, these are 
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called spinal nerves. The major anatomical divisions of human nervous system (CNS 
and PNS) are shown in the following chart. 


Nervous system 


Central nervous system (CNS) Peripheral nervous system (PNS) 
(43 pairs of nerves) 


Brain Spinal cord 


(31 segments) 
Forebrain Midbrain Hindbrain | 
(Prosen-  (Mesence- (Rhomben- 


cephalon) phalon) cephalon) Cervical Thoracic Lumbar Sacral Coccygeal 
| (8 seg-, (12 seg- (5 seg- (S seg) (I seg- 
ments) ments) ments) ments) ment) 
Cerebrum Diencep- Meten- Myelen- 
(Telence- halon cephalon cephalon 
phalon) or (Medulla Cranial nerves Spinal nerves 
Thalamen- (oblongata) (12 pairs) (31 pairs) 
cephalon 
1. Olfactory Cervical 
2, Optic (8 pairs) 
Pons Cerebellum 3. Oculomotor 
4. Trochlear Thoracic 
5. Trigeminal (12 pairs) 
J 6. Abducens 
Hypothalamus 7. Facial 
8. Auditory 
9, Glosso- 
pharyngeal Sacral 
10. Vagus (5 pairs) 
11. Spinal- 
accessory Coccygeal 
12. Hypoglossal (J pair) 


Lumbar 
(5 pairs) 


The entire CNS is histologically divisible into two distinct zones- grey matter (also 
written as gray matter) and white matter. The grey matter is composed of cell bodies 
(or soma) of neurons ; hence, synapses are formed in this region of the CNS. The white 
matter consists of nerve fibres (axons) ; it appears white due to the presence of myelin 
sheath on the axons. In cerebrum and cerebellum, the grey matter is present on the 
outer side (hence also called cortex) and the white matter is on the inner side. The 
remaining parts of CNS (i. e., midbrain, pons, medulla and spinal cord) show presence 
of outer white matter and inner grey matter. The bundles of nerve fibres present within 
the CNS (i e., in the white matter) are called tracts (or nerve tracts) whereas in the 
PNS, they are called nerves (or peripheral nerves). If the cell bodies of neurons or 
synapses are clustered into groups within the CNS (i.e., in grey matter), they are called 
nuclei (or centres) but if these are in the PNS, these are called ganglia (Sing. ganglion). 

Peripheral nerve fibres are functionally of two types— sensory (or afferent) fibres 
and motor (or efferent) fibres. Sensory fibres carry the informations received by the 
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receptors, from different parts of the body to the CNS to make the CNS aware of the 
changes occurring within the body or in the external environment. Motor fibres carry 
the commands of CNS to different organs (called efector organs) for necessary 
modification in their activities. Depending on the type(s) of nerve fibres present in 
them, the peripheral nerves may be of three types— sensory, motor and mixed. Those 
containing sensory fibres only, are called sensory nerves (e. g., Ist, IInd and VIIIth 
cranial nerves), whereas those having motor fibres only, are called motor nerves (e. g., 
IIIrd, IVth, VIth. XIth and XIIth cranial nerves). Mixed nerves contain both sensory 
and motor fibres, they include all spinal nerves and the Vth, VIIth, IXth and Xth cranial 
nerves. 

The nervous system can also be divided functionally into two parts—somatic nervous 
system and autonomic nervous system (ANS). Both these have their one part in the 
CNS and other part in the PNS. The somatic nervous system is concerned with 
conscious sensations arising from the sense organs (skin, eye, ear, nose and tongue), 
muscles, tendons and joints and control of movement of skeletal (voluntary) muscles. 
The ANS on the other hand is concerned with control of involuntary organs (i.e., cardiac 
and smooth muscles and glands). 


6.3. Functions Of Nervous System 


The basic functions of nervous system include—receiving sensory informations 
(input), processing of the input and production of motor responses. The sensory 
informations originating from stimulation of receptors by changes in the external and 
internal environment are carried to CNS through afferent nerves fibres. In the CNS, 
these informations are processed through complex neuronal (synaptic) pathways. As a 
result of this, commands are discharged through efferent nerve fibres to effector organs 
(muscles and glands) for production of motor responses (change in activity of the effector 
organs). The central processing also causes arousal of feelings (sensations) and storage 
of informations as memory. The stored memory in turn helps in processing of future 
input for other mental functions like emotion, power of thinking and judgement, 
intelligence, personality etc. Thus, the basic mechanism of’ functioning of nervous 
system can be summarized as follows : 


Sensation 


Mental functions 


Sensory input Processing Motor responses 
from receptors in CNS in effector organs 


(muscles & glands) 


From the above discussion, it is apparent that the neryous system performs the 
following functions: — 

I] Conscious sensation: Nervous system is responsible for arousal of conscious 
sensations by which we can feel the changes occurring within the body or around us. A 
conscious sensation (e.g., sight, hearing, smell, taste and feeling of touch, temperature, 
pressure, pain efc.) is aroused when the afferent nerve impulses reach the highest centre 
of CNS (i.e., cerebral cortex of brain). 
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[2] Mental functions ; Neryous system is responsible for higher mental functions 
like memory, intelligence, power of thinking, judgement, emotion, personality ec. These 
functions are specially developed in higher animals (e. g., humans) having a highly 
developed brain. 

[3] Control of voluntary movements: When askeletal muscle is moved (contracted 
or relaxed) according to our desire or will power, it is called voluntary movement. 
Such movements are governed by conscious sensation and initiated by cerebral cortex, 
and they help in locomotion, speech etc. 

[4] Control of reflex actions: When a sensory input elicits a motor response without 
or prior to arousal of conscious sensation, it is called reflex action. Nervous system 
regulates the activity of all the three types of muscles (skeletal, smooth and cardiac) 
and glands through various reflexes. Reflex control of skeletal muscles helps to maintain 
body posture, breathing etc., whereas reflex responses of other muscles and glands 
maintain co-ordination between the activities of different systems so that the whole 
body may function as an integrated unit. 

[5] Hormone secretion : Some parts of the nervous system (brain) secrete hormones 
(neurohormones). 


6.4. Major Parts Of Brain And Their Functions 
6.4.1. CEREBRUM : CEREBRAL CORTEX 

Cerebrum is the uppermost and largest (most well developed) part of human brain. 
Itis incompletely divided into two lateral halves, the right and left cerebral hemispheres, 
by a deep cleft called median longitudinal 


fissure. The two cerebral hemispheres are : Fm 
connected by a broad bundle of nerve fibres 1 5 SF Cerebrum 
called corpus callosum. The outer part of Ee Ç 
cerebrum is called cerebral cortex which £ 
consists of grey matter and covers the white 3 

Bary Midbrain 
matter present inside. The cerebral cortex E 
is composed of six cell layers, containing Pons 1 
large motor cells called pyramidal cells and a 
smali sensory cèlls called granular cells. oblongata 
The white matter of cerebrum contains nerve Spinal cord 
fibres connecting the cerebral cortex with 


Cerebellum 
different areas of CNS. Some masses of grey 


matter (e. g., corpus striatum, caudate 
nucleus efc.) remain deeply embedded within the white matter ; these are collectively 
called basal ganglia* or basal nuclei. 

As the surface area of cerebrum is much larger in respect to the cranial cavity, the 
upper surface of cerebrum (or cerebral cortex) is thrown into folds. So, the cerebrum 
has a wrinkled surface and appears like a large walnut. The elevations of these folds 
are called gyri (singular gyrus) and the depressions are termed sulci (singular sulcus). 
When a sulcus is very deep, it is also called fissure. Each cerebral hemisphere consists 
of five lobes that are demarcated by fissures. The lobes are as follows- 

* Basal ganglia is a misnomer because the term ‘ganglia’ refers to collection of cell bodies in the 
PNS. So the name basal ganglia’ has now been dropped and replaced by basal nuclei. 


Fig. 6.2 : Main parts of human brain. 
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[1] Frontal lobe—tt is situated most anteriorly (in front of central sulcus). 

[2] Parietal lobe—It is placed behind the frontal lobe and central sulcus. Frontal 
and parietal lobes are separated by a deep sulcus called central sulcus or fissure of 
Rolando. 


a a 
Rolandic fissure 
(Central sulcus) 


Parietal lobe 


Frontal lobe 


Parieto-occipital 
sulcus 


Limbic lobe 


Sylvian fisstre Occipital lobe 


Temporal lobe 


Fig. 6.3 : Lobes of cerebral hemisphere (lateral view of left hemisphere) 


[3] Occipital lobe—It is situated most posteriorly (behind the parietal lobe) and is 
separated from parietal lobe by the parieto-occipital sulcus. 

[4] Temporal lobe—It is placed below the frontal and parietal Jobes and separated 
from them by the Sylvian fissure. 

[5] Limbic lobe—tt is a ring-like area situated near the medial surface. It is also 
called rhinencephalon. 
© Functions of cerebral cortex (or cerebrum) ; 

[1] Sensation—Cerebral cortex is the seat of conscious sensations. Informations 
received by the sense organs e.g., eye, ear, nose, tongue, skin etc., are carried to the 
cetebral cortex where they are analyzed and perceived. Occipital, temporal and limbic 
lobes are the centres for sensation of vision, hearing, and olfaction (smell) respectively. 
Parietal lobe is the centre for analysis of touch, temperature, pressure, pain, vibration 
and taste sensations. 

[2] Skilled voluntary movement—The precentral gyrus i.e., the gyrus of frontal 
lobe placed just in front of the central sulcus is the centre for skilled (fine or accurate) 
voluntary movements ; hence, it is called motor area. 

[3] Speech—Speech or voice production is governed by the speech centres present 
in cerebral cortex. An important speech centre called Broca’s area is present in the 
precentral gyrus of frontal lobe. 

[4] Higher mental functions—Cerebral cortex takes part in higher associative 
mental functions such as intelligence, learning, memory, emotion eic. Anterior part of 
the frontal lobe (which is also known as prefrontal lobe) and the limbic lobe are 
concerned with these functions. 

6.4.2. DIENCEPHALON : THALAMUS AND HYPOTHALAMUS 

Diencephalon is a small but very important part of the brain lying below the cerebrum 
and above the midbrain. It consists of two main parts thalamus and hypothalamus. 
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There are two oval shaped thalami (plural of thalamus), one on either side (right and 
left). Hypothalamus is situated at the base of the two thalami. Thalamus and 
hypothalamus are masses of grey matter containing several important nuclei (neural 
centres) which have extensive connections with other parts of the CNS. 

© Functions of thalamus : 

[1] Thalamus acts as a relay station for all sensory inputs. All sensory pathways 
make synapse in the thalamus from where they are distributed to specific lobes of 
cerebral cortex for a proper analysis of the informations carried by them. Hence, the 
thalamus is also called sensory relay centre of brain. 

[2] Thalamus is a centre for crude sensations. 

[3] It takes part in the neural mechanism of sleep-wakefulness cycle. 


© Functions of hypothalamus : 

[1] It is the higher centre of autonomic nervous system (which will be described 
later). Hence, it controls the activities of visceral organs. 

[2] Hypothalamus is the chief centre for thermoregulation. It contains centres for 
heat gain and heat loss. These centres are activated by a fall and a rise of ambient 
temperature respectively and help to maintain the body temperature. 

[3] it acts as master gland of the endocrine system because it controls almost all 
endocrine:glands. Earlier, pituitary gland was considered as the master gland of endocrine 
system because it controls most of the endocrine glands ; but now it is known that 
pituitary itself is controlled by the hypothalamus. 

[4] Hypothalamus acts as a centre for emotional reactions e.g., anger, fear, grief, 
pleasure etc. 

[5] It also takes part in the regulation of several other functions such as hunger and 
feeding, thirst and drinking, water balance, sex functions etc. 


6.4.3. MIDBRAIN 


Midbrain is a small part of brain situated in between forebrain and hindbrain. It is 
connected at its upper end with diencephalon of forebrain and at its lower end with 
pons and cerebellum of hindbrain. It is made up an outer white matter and inner grey 
matter. 

The white matter consists of various ascending and descending nerve tracts. The 
grey matter contains the nuclei of MIrd and IVth cranial nerves and certain other 
nuclei (e.g., red nucleus etc.). On the dorsal surface of midbrain, there are four small 
lobes collectively known as corpora quadrigemina. The two upper lobes (one or 
either side) are called superior colliculi, and the two lower lobes (one on either side) 
are called inferior colliculi. 
© Functions of midbrain : 

The midbrain mainly controls various reflexes by virtue of the neural centres present 
In it. 

[1] Midbrain controls the reflex movement of head and neck in response to visual 
and auditory informations. Such reflexes are controlled by superior and inferior 
colliculi, and they help in fixing the focus of eye on an object, locating the source of a 
sound etc. 

[2] Midbrain helps in maintenance of posture and equilibrium of the body. Superior 
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and inferior colliculi, red nucleus and some other nuclei of midbrain act as neural 
centres for many postural reflexes. 

13) Midbrain controls some visual reflexes through [II rd cranial nerve. Examples 
of such reflexes arotight reflex (constriction of pupil by exposure of eye to bright 
light), accommodation of eye (bulging of lens by contraction of ciliary muscles of eye 

ing near vision) ere, i * r 

‘The midbrain also controls voluntary and reflex movements of the eyeball 
through Iird and IV in cranial nerves which originate from it and innervate some extemal 
ocular muscles. . i 
644, PONS * 

‘The pons is also ko as pons varolil, Itis situated ventrally in the metencephalon 
(upper part of hindbrain, in between midbrain and medulla). It appears like a ventrally 
bulged mass above the medulla. Like midbrain, the pons also has an outer white matter 
(through which various ascending and descending tracts pass) and an inner grey matter 
consisting of some cranial nerve nuclei (V, Vl. VIl and VIII) as well as other nuclei. 
‘The pons ts connected with cerebellum and serves as a neuronal link between cerebral 
cortex and cerebellum. M à . 
© Functions of Pons : wsie trat : Sows 

{1} It contains centres for reflex regulation of breathing, salivary secretion and 
lacrimal secretion and thus takes part in these functions. . i 

[2] lt controls facial expressions, mastication and movements of eyeball through 
the motor nerve fibres emerging from it. TEL 


64.5, MEDULLA OBLONGATA (OR MEDULLA) 

Medulla oblongata (deo called medulla or myclencephalon),is the cone shaped 

lower part of hindbrain extending from lower end of pons to the upper end of spinal 

cord. Its broad upper end is continuous with the pons and lower nurtou / end is continu- 

ous with the spinal cord at the region of foramen magnum (junction of skull and 

vertebral column), The outer part of medulla is white matter (containing nerve tracts) 

which is continuous with the white matter of other parts of brain stem and spinal cord. 

On the inner side, there are several masses of grey matter including the nuclei of IX th, 

Xith, XI th and XIE th cranial nerves and various other centres. The ventral surface of 

medulla is bulged which forms the medullary pyramid, 

© Functions of medulla: # 

Since medulla contains many neural centres, it takes in the reflex regulation of 
2 parti regulation o! 

{1} It controls heart rate, cardiac output, blood pressure, respiration, secretion 

of digestive juices, movement of alimentary canal etc. 

{2} It also helps to maintain posture and equilibrium of the body 

Cerebellum is the second largest part of human brain next to cerebrum, and the 

largest part of hindbrain. It is situated dorsally under the posterior part of cerebrum and 

behind the pons and medulla. It consists of two (right and left) cerebellar hemispheres. 

Cerebellum is connected io midbrain, pons and medulla by three paired bundles of 
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nerve fibres called superior, middle and inferior cerebellar peduncles respectively. 

Like the cerebrum, the cerebellum has its grey matteron the outer side, called cerebellar 

cortex, and a core of white matter containing some deeply embedded nuclei, The 

cerebellar cortex is thrown into folds comprising of three cell layers of which the middle 
Purkinje cells, 


movements accurate and perfect, , 


6.5. Cranial Nerves 


In man, tere are 12 pairs of cranial nerves connected to the brain że., 12 nerves on 
both left and right sides of the brain. Among these, Ist, and IInd nerves are connected 
to the forebrain + Hrd and IVth nerves to midbrain ; Vth, Vith, Vith and VIIth nerves 
to pons and IXth. Xth, Xith and XIIth nerves to medulla oblongata. Some of these 
nerves such as Ist, Ind and Vl nerves are purely sensory while some others such 
as Hird, IVth, Vith, Xith and Xith nerves are purely motor and the remaining ones 
ie. Vth, Vilth, IXth and Xth nerves of mixed type. The name, nature and function of 


Fig. 6.4 : Attachment of cranial nerves with the brain, 


[1] Ist cranial nerve : It is also called olfactory nerve. It is a purely sensory 
nerve which carriers the sensation of smell (olfaction) from the receptor of smell in the 
nose to the limbic lobe of cerebrum: So it is the nerve for smell sensation: || 

[2] IInd cranial nerve : Its name is optic nerve and it is also a sensory nerve. It 
carries visual sensation from the retina of eye to the brain. 

[3] IHrd cranial nerve : It is called oculomotor nerve. As appears from the name, 
it is a purely motor nerve. It contains both somatic and autonomic type of nerve 
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fibres. The somatic fibres innervate some external Ocular muscles ie. voluntary muscles 
attached to the eyeball) and thereby control the movements of eyeball. The autonomic 
fibres of this nerve belong to the parasympathetic system. They innervate the smooth 
musctes present within the eyeball namely the ciliary muscles for increasing the curvature 
of lens during near Vision, and the circular muscles of iris for constriction of pupil. 

(4) IVth cranial nerve : It is called trochlear nerve which is also a motor nerve 
that innervates some extemal ocular muscles and controls eye movements. 

[S] Vth cranial nerve : Its name is trigeminal nerve. It is a mixed nerve że., it 
contains both sensory as well as motor fibres. Its sensory fibres carry the sensation of 
touch, pressure, temperature and pain from the mouth cavity, nasal cavity, cornea and 
iris of eye and skin of face to the brain, Its motor fibres control the movement of 
masticatory muscles and help in chewing. y - 

16) Vith cranial nerve : It is known as abducens nerve. It is a motor nerve 
supplying some external ocular muscles and controls eye movements, 


2 


P ny Fig. 6.5 : Distribution of cranial nerves. 
[7] Vilth cranial nerve: It is called facial nerve. It is a 
fibres carry the sensation of taste from the anterior two. ird 
as general sensations from the skin of external car, It 


(parasympathetic) motor fibres. Somatic motor fibres supply the facial muscles and 
control facial expressions. The parasympathetic fibres innervate salivary (submaxillary 


mixed nerve. Its sensory 
part of the tongue us well 
contains somatic and autonomic 
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and sublingual) glands and lacrimal (tear) glands ; thus, they control secretion of saliva 


and tear, 

[8] VIIIth cranial nerve : It is known as auditory or vestibulo-cochlear nerve. It 
is a purely sensory nerve: It has two branches, vestibular and cochlear. The vestibular 
branch carries the informations related to rotation of head originating from the vestibular 
apparatus Of the internal ear. The cochlear division carries auditory sensations from the 
cochlea of the internal ear. — 

[9] EXth cranial nerve : It is called glossopharyngeal nerve. It is a mixed nerve. 
Its sensory division carriés Conscious Sensation of taste from the posterior one-third 
part of the tongue and sensation of touch and pressure from the pharynx, It also carries 
unconscious sensations related to blood flow, from the carotid sinus and carotid body 
receptors, Its motor division consists of somatic as well as parasympathtic fibres. The 
somatic motor fibres supply the pharyngeal muscles and help in swallowing. The 
parasympathetic fibres control secretion of parotid (salivary) gland. 

(10) Xin cranial nerve : Its name is vagus nerve. It is a mixed nerve and is most 
widely distributed among the cranial nerves, The sensory fibres of vagus nerve are 
distributed on pharynx, larynx, oesophagus, and various visceral organs present in chest 
and abdomen and) carry different sensations from these organs. The motor fibres of 
vagus are mainly of parasympathetic type and are supplied to the muscles and glands 
of various thoracic and abdominal viscera, So, this nerve taks part in swallowing, voice 
production, moyements of alimentary canal, secretion of digestive juices (except saliva), 
inhibition of heart etc. 

[11] XI cranial nerve : I is called spinal accessory nerve. It is a motor nerve 

dual origin in medulla aod upper five or six segments of spinal cord, Its cranial 
(medullary) division controls the movements of larynx, pharynx and soft palate while 
the spinal division controls the muscles of neck. Thus, it controls voice production and 
movement of head, 
i [12] Xith cranial nerve : Its name is hypoglossal nerve. It is a motor nerve 
supplying the Voluntary muscles of tongue and thereby controls tongue movements for 
swallowing, speech etc, 

Table 6.1 : Summary of the nature, origin, distribution and function of cranial 
fener in f 


limbic lobe via 
olfactory bulb, 


Mainly thalamus and|Carries visual 
from there to visual sensation. 
centre (occipital 

lobe) ; superior 

colliculi of midbrain. 
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~~ | Masticatory Movement of 
Trigeminal nucleus | muscles of jaws. | jaws during mas- 
ain I ucation. 


sensation from 


pharynx ; elicits 


cardiovascular 
and 3 


Muscles of ISwallowing; 
art of a tales pharynx and larynx ; | Control of 
in medulla (dorsal | involuntary muscles movement of the 


nucleus of vagus). | and glands in the | visceral organs 
thoracic and and secretion of 
—— viscera. enn glands, 


— ments of 
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a . production. 
First five or w 3 — of 
W . mien spinal neck and head, 
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XII. Hypo; Voluntary muscles Movements of 
lossal peor in oye F of tongue, tongue for swallo- 
wing, speech ete, 


6.6. Ventricles Of Brain : Cerebrospinal Fluid 
© Ventricles of brain: The entire CNS contains u cavity inside it because it develops 
from a hollow neural tube in the embryo. The cavity is filled with a fluid called 
cerebrospinal fluid (CSF). In some parts of the brain, the cavity is considerably enlarged 
and is called ventricle, 

Each cerebral hemisphere contains a large cavity known as lateral ventricle, The 
two lateral ventricles are also called Ist and 2nd lateral ventricles. In the diencephalon, 
the cavity is called 3rd ventricle that lies between the two. thalami. The cavity of 
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midbrain is like a narrow tube called aqueduct of Sylvius (or iter). In the hindbrain 


(i. e., in pons, cerebellum and medulla regions), the cavity is enlarged to form the 4th 
ventricle which continues 


below as a narrow canal in the 
spinal cord called central 
canal. Each lateral ventricle 
communicates with the third 
ventricle through an aperture 
called foramen of Monro 
(plural foramina of Monro). 
The 3rd and 4th ventricles 
remain connected by the 
aqueduct of Sylvius. 
@ Meninges : Brain and 
Fourth ventricle] spinal cord are covered by 
three membranes called 
meninges. From outside 
inward, these are dura mater, 
arachnoid mater and pia 
mater. Under the arachnoid 
Fig. 6.6: Ventricles of brain. mater (i.e., in between the 

arachnoid mater and pia mater), there is a space called subarachnoid space which 
communicates with the upper part of the 4th ventricle. 
@ Cerebrospinal fluid (CSF) : CSF is a modified tissue fluid flowing within the 
cavities of brain and spinal cord as well as the subarachnoid space. Thus, it bathes the 
CNS from both outside and inside. The CNS is devoid of lymph and the CSF is 
considered as the substitute of lymph in CNS. 

Functions of CSF-[i] It acts as a mechanical buffer or cushion between the soft 
brain tissue and the hard bony cranium. 

[ii] It supplies nutrition and O, to the brain tissue. 

[iii] It helps in drainage of waste matters and metabolites from the brain tissue. 


Lateral ventricle 


Foramina 
of Monro 


| 
Cerebrum 


Dieacephalonſ Third ventricle 
1 


Midbrain 


V 


Hindbrain 


Central canal 


Le 


Be ee ee REVISON E Bee eee eee 


Central nervous system (CNS)—Part of the nervous system remaining within 
cranium and vertebral column, consisting of brain and spinal cord. 

Peripheral nervous system (PNS)—Collection of the nerves connecting the CNS 
with the peripheral parts of the body, consisting of cranial and spinal nerves. 
Sensory nerves—Peripheral nerves containing afferent nerve fibres only, e.g., Ist, 
IInd & VIIth cranial nerves. 

Motor nerves—Peripheral nerves containing efferent nerve fibres only, e.g., Ird, 
IVth, VIth, XIth & XIIth cranial nerves. 

Mixed nerves Peripheral nerves containing both afferent and efterent nerve fibres, 
e. g., Vth VIIth, IXth & Xth cranial nerves and all spinal nerves. 
Grey matter Areas of CNS, consisting of cell bodies of neurons. 
White matter— Areas of CNS, consisting of nerve fibres (axons). 
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Corpus callosum—A broad bundle of nerve fibres connecting the two cerebral 
hemispheres. 

Cerebral cortex—The outer grey matter of cerebrum. 

Gyrus—An elevation in cerebral cortex. 

Sulcus (Fissure)—A depression in cerebral cortex. 

Brain stem Part of brain consisting of midbrain, pons and medulla. 

Nucleus (Neural centre)—A group of cell bodies in the CNS. 

Ganglion—A group of cell bodies in the PNS. 

Basal ganglia (Basal nuclei)—Masses of grey matter deeply embedded in cerebral 
white matter. 

Cerebellar cortex The outer grey matter of cerebellum. 

Brain ventricles—Enlarged cavities within brain. 

Lateral ventricles—The two cavities within the two cerebral hemispheres. 

Third ventricle—The cavity of diencephalon lying between the two thalami. 
Fourth ventricle—The cavity within the hindbrain. 

Aqueduct of Sylvius (or Iter)—The duct connecting the third and fourth ventricles, 
lying in midbrain. 

Foramen of Monro—The passage from a lateral ventricle to third ventricle. 
Meninges—The three membranes covering the brain and spinal cord. 
Cerebospinal fluid—The fluid flowing within the cavities of brain and spinal cord 
and also the subarachnoid space. 


6.7. Spinal Cord 


© Structure of spinal cord : 

The spinal cord with its coverings (meninges) lies loosely within the vertebral canal, 
being anchored to the medulla. During the early foetal life, the spinal cord is as long as 
the vertebral canal but later the spinal cord does not grow as much as the vertebral 
column. As a result of this, the spinal cord in adults extends from first cervical vertebra 
to first lumbar vertebra only. 4 

The spinal cord is a thick walled cylindrical structure having a narrow central 
canal within it. Its average diameter is 1.0 cm. It is slightly expanded at the cervical 
and lumbar regions from where emerge the nerves for forelimbs and hindlimbs 
respectively. The lower end of spinal cord is tapering and attains a conical shape ; 
hence it is called conus medullaris. The nerves originating from the lower part of 
spinal cord extend upto the lower end of vertebral column. From conus medullaris a 
fibrous cord (made up of pia mater mainly) called filum terminale extends below and 
remains attached to the coccyx. 6 

On the anterior (ventral) surface of spinal cord there is a longitudinal furrow which 


is known as anterior median fissure. Similarly, the posterier (dorsal) surface of spinal 


cord also contains a longitudinal shallow depression called posterior median sulcus. 


From this, a delicate partition called posterior median septum extends into the depth 


of spinal cord. The anterior median fissure and the posterior median septum divide the 
spinal cord incompletely into two longitudinal (right and left) halves. 


2253—73 
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Externally, the spinal cord does not appear to be segmented because it does not 
possess transverse markings. Nevertheless, it is considered to be divided into 31 
segments because it gives attachment to 31 pairs of nerves (as if each pair of nerve is 
connected to a segment). Spinal segments are grouped as follows from above 


Spinal cord 
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“Spinal nerve 
Cervical enlargement 
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Vertebrae 
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Fig. 6.7 : The human spinal cord. [A-External structure, B-Spinal segments and nerves] 


downwards-8 cervical, 12 thoracic, 5 lumbar, 5 sacral and 1 coccygeal. The first 8 
segments are called Ist to 8th cervical (C; — Cg) segments. Next 12 segments i.e., th to 
20th segments are called Ist to 12th thoracic (T; TI) segments. Similarly, the 21st to 
25th segments are termed Ist to Sth lumbar (L; - Ls) segments; 26th to 30th segments 
are represented as Ist to Sth sacral (S1 - S5) segments and the last one (31st segment) is 
known as coccygeal segment. 

The cavity within the spinal cord is called central canal. Like the brain stem, the 
spinal cord also shows an outer white matter and an inner grey matter. Around the 
central canal, there is a H' or ‘butterfly’ shaped mass of grey matter which remains 
covered externally by the white matter. In each half (right and left sides) of the spinal 
cord, the grey matter is divisible into an anterior (ventral) larger mass called anterior 
(or ventral) horn and a posterior (dorsal) narrow part, the posterior horn (or dorsal 
horn). The grey matter of the spinal segments giving origin to the autonomic nerves 
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(i.e., Ti to L3 and Sa to S4) possess an additional lateral horn on either side. The white 
matter of spinal cord 
consists of myelinated 
ascending and descending 
nerve fibres. In between 
these fibres, neuroglial 


Central canal 5 g 
Posterior median septum 


e root 


Dorsal 
column 


cells remain arranged in a E Dorsal horn J g 
network-like manner to 8 Lateral 8 
provide mechanical 2 cola eae 5 
support. For descriptive S Ventral hom) 9 
purpose, the white matter Ventral 
in each half of spinal cord cola S 

Ventral root 


is also divided into three 
parts- a dorsal or 
posterior column lying in 
between the posterior horn and posterior medial septum, a lateral column between 
posterior and anterior horns and an anterior column between the anterior horn and 
anterior medain fissure. 
@ Functions of spinal cord: 

[1] Spinal cord acts as a centre for various reflexes. The organs supplied by spinal 
motor neurons are reflexly controlled by spinal cord. 

[2] The white matter of spinal cord contains ascending and descending nerve tracts 
which connect the brain with the peripheral organs (except those in head region) 
innervated by the spinal nerves. 


Anterior median fissure 


Fig. 6.8 : T.S. of thoracic segment of spinal cord (diagrammatic). 


6.8. Spinal Nerves 
Organization of spinal nerves : 

There are 31 pairs of spinal nerves, one pair emerging from each so-called spinal 
segment (one from the right side and one from the left side). Like the spinal segments, 
the spinal nerves are also grouped from above downwards as — 8 cervical, 12 thoracic, 
5 lumbar, 5 sacral and 1 coccygeal. 
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Fig. 6.9 : Attachment of spinal nerve with spinal cord. 


Each spinal nerve is amixed nerve connected with the spinal segment by two roots, 
a dorsal and a ventral, which contain sensory and motor fibres respectively. The sensory 
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fibres of spinal nerve enter into the spinal cord through the dorsal root. The cell bodies 

of these neurons collectively fom a swelling in the dorsal root which is known as 

dorsal root ganglion, The spinal motor neurons originating from the ventral and 
lateral horns emerge through the ventral root. Those originating from the ventral horn 
are somatic in nature, Le., they supply the voluntary muscles, while those originating 
from the lateral hom are of autonomic type, Łe., they innervate involuntary muscles 
and glands. On each side of a spinal segment, the dorsal and ventral roots unite to form 
the mixed spinal nerve that comes out of the vertebral column through the intervertebral 
foramen (i.e., the foramen between two adjacent vertebrae). 


© Functions of the spinal nerves : 


The sensory fibres of spinal nerves carry general sensations from the peripheral 
receptors present in skin, muscles, tendons etc, The motor fibres control the functions 
of muscles and glands innervated by them. 


Central canal—The lumen of spinal cord. 
Dorsal horn—Dorsal part of the grey matter of a spinal segment, 
Ventral horn—Ventral part of the grey matter of a spinal segment. 
Lateral horn—Lateral part of grey matter of T; to Lz and Sz to S, spinal segments. 
Dorsal column—Part of spinal white matter between the two dorsal horns. 
Ventral column—Part of spinal white matter between the two ventral horns, 
Lateral column—Part of spinal white matter between the dorsal and ventral horns 
of each side. 
Dorsal root—The nerve branch through which the sensory fibres of the spinal nerve 
enter into the spinal cord. 
Ventral root—The nerve branch through which the motor fibres emerging from 
spinal cord enter into the spinal nerve. 
Dosal root ganglion—Collection of cell bodies of the sensory neurons of spinal 
nerves in the dorsal root as a swelling. 


6.9. Autonomic Nervous System (ANS) 


The division of nervous system which controls involuntary organs (involuntary 
muscles and glands) is called autonomic nervous system (in short ANS). It is so named 
because it is not under the control of will power. 
© Anatomical organization of ANS: 

The ANS has two divisions—parasympathetic and sympathetic. The 
parasympathetic nervous system is also called cranio-sacral division of the ANS which 
includes four pairs of cranial nerves namely oculomotor (IIIrd), facial (VIIth), 
glossopharyngeal (IXth) and vagus (Xth) and three (2nd to 4th) pairs of sacral 
nerves, The sympathetic division on the other hand, is called thoraco-lumbar outflow 

of spinal cord which includes Ist thoracic to 2nd or 3rd lumbar (T; — L2 or Ls) spinal 
nerves, The autonomic motor neurons present in the above mentioned spinal (thoracic, 
lumbar and sacral) nerves originate from the lateral horn cells and then pass out through 


* along with the somatic motor neurons originating from anterior horn 
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Autonomic nerves are characteristic in that they make synapses on their way to the 
effector organs after emerging from the CNS. These synapses are called ganglia 
(singular—ganglion). Thus, in contrast to a somatic motor pathway from CNS to a 
yoluntary muscle consisting of a single neuron, an autonomic motor pathway from 


4 8— T 
7 a a ae 


/ 
Fig. 6.10 : Anatomical organization of ANS. 

[ = sympathetic preganglionic fibres ; —— = sympathetic postganglionic fibres ; 
= = parasympathetic preganglionic fibres ; . = parasympathetic postganglionic fibres} 
CNS to effector organ consists of two neurons. The first neuron extending from the 
CNS to the ganglion is called preganglionic neuron while the second one extending 
from the ganglion to the effector organ is called postganglionic neuron. The axon 
of the preganglionic neurons are myelinated but that of the postganglionic neurons 
are unmyelinated, In the parasympathetic system, the ganglia are formed very close 
to the effector organs and are referred to as terminal ganglia. Hence, their 
preganglionic neurons are long and postganglionic neurons are very short. On the 
other hand, majority of the sympathetic preganglionic neurons form ganglia 
immediately after emerging from the vertebral column. Such ganglia are called 
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paravertebral ganglia as they lie just beside the vertebral column. They fuse to 
form a sympathetic chain (or sympathetic trunk) on either side of the vertebral 
column. A few sympathetic preganglionic fibres entering into the sympathetic chain 
pass out without making synapse within it ; they form ganglia on the midway 
between the spinal cord and the effector organ. Such ganglia are termed collateral 
ganglia. Thus, just opposite to the parasympathetic system, the sympathetic 
preganglionic neurons are shorter than their postganglionic neurons. A sympathetic 
preganglionic fibre emerges out from spinal cord via the ventral root and then passes 
out of the vertebral column as the spinal nerve. Immediately after this, it leaves the 
spinal nerve and enters into the sympathetic chain through a connecting nerve branch 
called white ramus. It is so named because it looks white due to the presence of 
myelinated fibres in it. The postganglionic fibre emerging from the sympathetic 
chain returns back to the spinal nerve through another route called grey ramus 
(which is greyish in colour because the postganglionic fibres are unmyelinated). 
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Fig. 6.11 : Diagrammatic representation of the origin, course and termination of sympathetic 
nerve (only one spinal segment shown). 


It should be noted that only the motor neurons of the cranio-sacral and thoraco- 
lumbar nerves supplying the involuntary muscles and glands are included in ANS. The 
sensory neurons present in these nerves do not differ in arrangement from the somatic 
afferents. Thus, ANS is considered as an efferent system. The distribution of autonomic 
efferent nerves is shown in Fig. 6.10 which reveals that the parasympathetic nerves 
supply some discrete organs whereas the sympathetic nerves are distributed to 


widespread areas of the body including visceral organs, blood vessels, sweat glands 
and piloerector muscles. 


® Functions of ANS : 

The main function of ANS is to regulate the involuntary organs (involuntary muscles 
and glands). It maintains homeostasis, i.e., stability of the internal organs in the body. 
Majority of visceral organs are innervated by both sympathetic and parasympathetic 
nerves which produce opposing effects so that an organ may be properly regulated 
(excited or suppressed) according to the need of the body. In general, the sympathetic 
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nerves are catabolic in action, i.e., they increase the energy expending processes, while 
the parasympathetic nerves are anabolic in nature, i.e., they stimulate the energy 
conserving processes. The parasympathetic nerves are cholinergic, that means they 
produce their actions by releasing acetylcholine from their terminals. On the other 
hand, sympathetic nerves except those supplying the sweat glands are noradrenergic 
or adrenergic, i.e., they act by liberating noradrenalin or adrenalin at the neuroeffector 
junction. The sympathetic supply to sweat glands is cholinergic. Effects of 
parasympathetic stimulation are usually localized to discrete areas of the body and are 
of short duration. Conversely, sympathetic stimulations generally affect widespread 
areas of the body and the effects are relatively prolonged. Such discrete and widespread 
actions of parasympathetic and sympathetic nerves are due to the peculiarity of their 
distribution as mentioned earlier. The sympathetic actions are of longer duation because 
its stimulation results in secretion of adrenalin from adrenal medulla. This adrenalin 
circulates in blood for a considerable period of time to maintain the actions of the 
sympathetic nerves. For this reaso, the sympathetic nerves and adrenal medulla are 
collectively called sympatho-adrenal system. The action of sympathetic and 
parasympathetic nerves on various organs are listed below. 


Effector organ Action of sympathetic 
nerve 


[1] Heart: Increases the force and frequency | Decreases the force and fre- 
of heart’s contraction quency of heart’s contraction 


Action of parasym- 
pathetic nerve 


[2] Blood vessels : 
(i) Cutaneous 


Constriction (reduction of blood 
flow) 

Constriction (reduction of blood 
flow) 

Constriction (reduction of blood 
flow) 

Dilatation (increase of blood 
flow) 


(ii) In skeletal 
muscles 

(iii) In abdominal 
viscera 

(iv) Coronary 


Constriction ? 


[3] Glands : 
(i) Digestive Glands | Increase in secretion ? Increase in secretion 
(ii) Sweat glands Increase in secretion — 

(iii) Lacrimal glands — Increase in secretion 
(iv) Adrenal medullaſ Increase in secretion 
[4] Smooth muscles 
(i) Iris of eye 


Pupillary constriction by con- 
traction of circular muscles 
Contraction (for lens bulging 
during near vision). 
Constriction 

Increase in motility and relaxa- 
tion of sphincters 
Contraction 


Pupillary dilatation by contra- 
ction of radial muscles 


(ii) Ciliary muscles 
of eye 

(iii) Bronchioles Dilatation 

(iv) Alimentary canal |Decrease in motility and 
contraction of sphincters 
Relaxation 


(v) Gall bladder 
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Effector organ Action of sympathetic 
nerve 


(vi) Urinary bladder] Relaxation of bladder (i. e., 
destrusor muscles on its wall) 
and contraction of sphincter 
for filling of bladder 
Contraction for piloerection 
(i.e., erection of hair) 
Ejaculation in males 


Action of parasym- 
pathetic nerve 
Contraction of bladder (detru- 
sor muscles) and relaxation 
of sphincter for micturition 


(viii) Piloerector 
muscles of skin 
[5] Sex organs : 


Erection of penis in males 
(due to dilatation of blood 
vessels in it) 


Glycogenolysis and neogluco- 
genesis 
Lipolysis 


[6] Liver : 
[7] Adipose tissue: 
N.B. : means no action or action not yet known ; ‘?’ means action is doubtful 


@ REVISION 


ANS—The part of nervous system controlling the involuntary argans. 
Parasympathetic system—The craniosacral division of ANS. 
Sympathetic system—The thoracolumbar division of ANS. 
Autonomic ganglia—Synapses present in the autonomic nerves. 
Paravertebral ganglia—Sympathetic ganglia formed just beside the vertebral 
column. : 

Collateral ganglia—Sympathetic ganglia formed in the midway between the spinal 
cord and the effctor organs. 

Terminal ganglia—Parasympathetic ganglia formed near the effector organs. 
Preganglionic fibres—Nerve fibres entering into the autonomic ganglia. 

Post ganglionic fibres—Nerve fibres emerging from the autonomic ganglia. 
Sympathetic chain—The chain formed by joining of sympathetic paravertebral 
ganglia. 

White ramus—The nerve branch through which the sympathetic preganglionic 
neurons leaving the spinal nerve enter into the sympathetic chain. 

Grey ramus—The nerve branch through which the postganglionic sympathetic 
neurons emerging from sympathetic chain return back to the spinal nerve. 


6.10. Reflex Action 


© ‘Definition : Reflex action is a spontaneous and involuntary effector response 
produced by a sensory stimulus before arousal of conscious sensation. 

The term ‘reflex’ indicates that sensory messages relayed by the afferent nerves are 
reflected in the CNS to exit via motor nerves for production of some reaction (response) 
in the body. As the reflex response is produced before the sensory stimulus is consciously 
analyzed, it is not guided by desire or intention. Thus, in contrast to voluntary act, 
reflexes are not done by us according to our will, rather they occur spontaneously and 
involuntarily. However, the stimulus may produce a conscious sensation after the reflex 
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response is proudced. Reflex actions are considered as the basis of functioning of nervous 
system because most of neural regulatory functions are carried out by reflexes. 

Examples: Various reflexes are always occurring in our body. A few very common 
examples of reflex action are given below— 

[i] Withdrawal of foot or hand from a painful simulus (pricking etc.). 

[ii] Constriction of pupil and closure of eyelids on sudden exposure of the eye to 
bright light. 

[iii] Sweating in hot climate and erection of hair of the skin (piloerection) in cold 
climate. 

[iv] Salivation (mouth watering) by sight, smell or eating of palatable food. 

@ Reflex are: 

The neural pathway or anatomical basis of reflex action is called reflex arc or 
reflex path. Marshall Hall (1833) first gave the idea of reflex arc. A reflex arc consists 
of five components— [1] receptor, 
[2] afferent neuron, [3] centre, [4] 
efferent neuron, and [5] effector organ. 
These are described below in brief. 

[1] Receptor : A reflex action is 
initiated by stimulatiori of a receptor. 
Receptors are peripheral endings of 
sensory neurons or specialized sensory 
cells present in sense organs or internal 
organs of the body. They are excited 
by specific stimuli (i.e., changes 
occurring in the body or in the external 
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environment). 
[2] Afferent (or sensory) neuron: Fig. 6.12 : Diagrammatic representation of 
Afferent neurons convey the a reflex are. 


informations from receptors to CNS. They enter the CNS via the dorsal roots or cranial 
nerves, and have their cell bodies in the dorsal root ganglia or in the homologous 
ganglia on cranial nerves. 

[3] Centre : Reflex centres are synapses formed by afferent and efferent neurons 
within the CNS (i.e. in the grey matter of spinal cord or brain), usually below the 
cerebral cortex. Synaptic connections between the afferent and efferent neurons in the 
cerebral cortex are generally responsible for voluntary acts. However, in case of 
conditioned reflexes, cerebral cortex may also act as the reflex centre. At the reflex 
centre, a sensory impulse is converted into a motor discharge. A reflex centre may 
contain one or more synapse(s). A reflex arc having a single synapse is of simplest 
type. The greater is the number of synapses in a reflex centre, the more is the complexity 
of the reflex arc. In a reflex arc having many synapses. the neurons present in between 
the sensory and motor neurons are called internuncial neurons or interneurons or 
connector neurons. 

[4] Efferent (or motor) neuron : Efferent neurons convey the motor impulses 
from the centre to the effector organ. The axons of the efferent neurons leave the CNS 
via the ventral roots or cranial nerves. The cell bodies of these neurons lie within the 
CNS (in the reflex centre). 
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[5] Effector organ: It is the part (organ) of the body where the reflex effect (motor 
response) is produced. Effector organs may be of two types-muscles or glands. Both 
voluntary (skeletal) and involuntary (smooth or cardiac) muscles may act as effector 
organ. Involuntary muscles and glands are controlled by reflexes only and not voluntarily 
but voluntary (skeletal) muscles can be controlled reflexly as well as voluntarily. Among 
the glands, mainly the exocrine glands e.g., digestive glands, sweat glands, lacrimal 
glands etc., are regulated reflexly. Among the endocrine glands, adrenal medulla, 

posterior pituitary and pineal are controlled by neural reflexes. 

In a reflex are, the receptor and afferent neuron are collectively called afferent 
limb while the centre, efferent neuron and effector organ are collectively known as 
efferent limb. 

The principle that in the spinal cord the dorsal roots are sensory and the ventral 
roots are motor is known as Bell-Magendie law. 

@ Types of reflex arc : 


Spinal cord 


(Centre) Dorsal root 


Efferent neuron 
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Cell body of afferent neuron 


Dorsal root ganglion 
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Patellar 
tendon 


Reflex arcs are classified into 
following four types according to 
the number of synapses present 
in the reflex centre (i.¢., number 
of neurons in the pathway). 

[1] Monosynaptic reflex 
arc: It is the simplest reflex arc 
with a single synapse between the 
afferent and efferent neurons. 
Such reflex arcs are also called 
bineuronal reflex arcs because 


Ventral root | 
i 
| 


they contain only two neurons 
(one afferent and one efferent). 
Reflexes occurring through such 
reflex arcs are called 
monosynaptic reflexes. 
Example— Stretch reflexes e.g., 


Fig. 6.13 : Monosynaptic reflex arc (knee-jerk reflex). 


knee-jerk reflex. 
[2] Polysynaptie reflex are: Reflex ares in which one or more interneurones are 


interposed between the afferent and efferent neurons forming two or more synapses 
— ‘N 


Afferent neuron 


Receptor 


neurons 


, Spinal nerve 


mu 
yi Effector organ 
Spinal cord shir 5 
ende Efferent neuron (Muscle) 


Fig. 6.14 : Polysynaptic reflex arc. 
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are called polysynaptic (multisynaptic) reflex ares. They are also called multineuronal 
reflex arcs because they involve many (more than two) neurons. Reflexes occurring 
through such reflex arcs are known as polysynaptic reflexes. Example— Withdrawal 
reflexes. 

[3] Complex reflex arc : In this, a sensory neuron after entering the CNS gives off 
collateral branches at different levels of the CNS, and each branch synapses with a 
motor neuron forming a separate reflex arc. Reflexes occurring through such pathways 


Afferent 5 
neuron ` 


Receptor 


‘ffector organ 
(Muscle) 


AA 
Efferent 
neurons 


Fig. 6.15: Complex reflex arc. 


are called complex reflexes. Example—Postural reflexes in which stimulation of the 
sensory neuron produces multiple reflex responses (contraction of different muscles) 
simultaneously. 

[4] Asynaptic reflex are: It is a special type of reflex arc in which there is no 
synapse or the reflex centre. That 
means it does not involve the CNS, and 
hence it is not a typical reflex arc. In Afferent nerve 
this, the afferent neuron before entering 
the CNS gives a branch which returns 
back to the periphery as the efferent 
neuron. Thus, the axon of a single | Blood vessel ee Spinal cord 
neuron works as sensory neuron as well (Effector organ) pranch 
as motor neuron. A reflex occurring 
through such pathway is called 
asynaptic reflex or axon reflex or antidromic reflex. Such reflexes originate from 
skin following an injury and dilate the cutaneous vessels of that area. 


Receptor 


Fig. 6.16 : Asynaptic reflex arc. 


@ Classification of reflex actions : 


Reflex actions may be classified in three ways II] according to development and 
site of origin, [2] according to the number of synapse(s) in the reflex arc and [3] according 
to the type of effector organ. 

[1] According to development and site of origin : 

On the basis of their development, reflexes may be classified into two groups— 
[A] unconditioned and [B] conditioned. 

[A] Unconditioned reflex: These reflexes are present from birth (i.e., their reflex 
arcs are present from birth) ; hence they are also called inborn reflexes. Development 
of such reflexes do not depend on previous experience, learning, habit or practice. Any 
alteraion of these reflexes is considered as disease. So examination of these reflexes 
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helps in diagnosis of neural defects. Unconditioned reflexes are further divided on the 
basis of their site of origin (i. e., location of receptor) into the following three types :— 

[i] Superficial reflex : Reflexes originating from the receptors present on the surface 
of the body such as those in skin and mucous membranes belong to this group. 

Example—Closure of eyelids or blinking of eyes on touching the cornea or 

conjunctiva ; sweating on exposure to heat ; flexion of toes on scratching of the skin of 
the sole (plantar reflex) ; withdrawal of foot from a painful stimulus such as pricking or 
pinching (withdrawal reflex) etc., are good examples of superficial reflexes. 

[ii] Deep reflex ; Reflexes originating from muscle receptors (i.e., muscle spindles) 
and tendon receptors are of this type. These are also called stretch rflexes or tendon 
reflexes in which a skeletal muscle contracts when it is stretched by tapping its tendon. 

Example—Knee jerk reflex or patellar reflex is the best clinical example of deep 
stretch) reflexes. In this reflex, tapping of patellar tendon (tt e., stretching of quadriceps 
femoris muscle) elicits a knee jerk or extension of leg by contracting the qudriceps 

femoris muscle. Other stretch reflexes are—ankle jerk (flexion of foot by tapping of 
tendo-achillis), biceps jerk (flexion of forearm by tapping of biceps tendon), triceps 
jerk (extension of forearm by tapping of triceps tendon) etc. 

liii] Other reflexes : Besides the superficial and deep reflexes, there are various 
other unconditioned reflexes which originate from stimulation of receptors present in 
visceral organs or some internal structures of the body. 

Example—Pupillary (or iris) reflexes (constriction of pupil on exposure to bright 
light and dilatation of pupil in dim light) ; cardiac reflexes (increase of heart rate due 
to fall of BP or decrease of heart rate due to rise of BP) ; digestive reflexes (secretion 
of digestive juices and movement of alimentary canal due to presence of food in the 
alimentary canal) ; micturition reflex (contraction of urinary bldder and opening of 
urethral sphincters when the bladder is distended due to accumulation of urine) ; 
respiratory reflexes (coughing, sneezing, spontaneous rhythmic breathing) ; vestibular 
reflexes (contraction of different skeletal muscles due to stimulation of vestibular 

receptors) etc. 


[B] Conditioned reflex : A conditioned reflex is a reflex response to a.stimulus 
which did not previously elicit the response but acquired by repeatedly pairing the 
stimulus with another stimulus that normally does produce the response. These reflexes 
are not inherent or inborn and depend on learning, Such reflexes are acquired by 
continual practice ; hence these are also called acquired reflexes. After birth, an 
individual continuously gathers experience and learns new things. This is associated 
with formation of new synapses as a result of which new reflexes are developed. 
Conditioned reflexes may also be abolished by change of habit or lack of practice. 

Examples—Pavloy, a renowned Russian physiologist, first described conditioned 
reflex by his famous experiment on dog. He showed that when food was given to a 
dog, it salivated profusely but when a bell was rung there was no salivation. However, 
if the bell was rung everyday when the dog received food, after a few days the dog 
showed profuse salivation when only the bell was rung and no food was given to it. 
This showed that the sound of bell became linked with the original salivation reflex as 
a result of which the new reflex (salivation in response to bell sound) was acquired. 
Some other common examples of conditioned reflexes are—watering of mouth 
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(salivation) by sight or smell or even thought of palatable food, increase of heart rate 
even before the commencement of a competition etc. Our habits are nothing but 
conditioned reflexes. 


Fig. 6.17 : Diagrammatic representation of Pavlov’s experiment on conditioned reflex. 


[2] According to the number of synapse(s) in the reflex are + 

Based on the number of synapse(s) present in the reflex arc, reflex actions may be 
classified into four types—monosynaptic reflex, polysynaptic reflex, complex reflex 
and asynaptic reflex (see types of reflex arcs). 

[3] According to the type of effector organ: 

Depending on the type of effector organ where the reflex effect is produced, reflex 
actions may be divided into two groups—somatic and autonomic. 

[A] Somatic reflex: Reflexes controlling the skeletal muscles (i.e., those reflexes 
in which skeletal muscles respond as the effector organ) are called somatic reflexes 
because they involve the somatic nervous system. 

Example—Withdrawal reflex, stretch reflex (i e. knee jerk), postural reflexes etc. 

[B] Autonomic reflex : Reflexes regulating the involuntary organs through the 
ANS are called autonomic reflexes. These are also called visceral reflexes because 
most of these originate from the receptors present in visceral organs and also produce 
their effects on the visceral organs. 

Example—Cardiac reflexes, digestive reflexes, micturition reflexes, pupillary 
reflexes etc. 


Characteristics (or properties) of reflex actions : 

Reflex actions exhibit the following characteristic features or properties. 

[1] Irradiation : Increase in the strength of sensory stimulus produces a wider 
response. For example, a weak pin-prick on a finger produces a reflex movement of 
that finger only whereas a strong prick on the finger produces movement of the whole 
hand. i 
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[2] Delay : There is a short interval between the application of a stimulus and the 
reflex response. This is called reflex delay which is due to the extra time required by 
the sensory nerve impulse to cross the synapse in the reflex centre. 

(3) Summation : Although a single subliminal (inadequate) stimulus fails to elicit 
a reflex rpsponse, application of more than ose subliminal stimuli may produce a reflex 
response. 

{4] Subliminal fringe : The amount of tension (T) developed in a muscle by 
simultancous stimulation of two afferent nerves is greater than the sum total of the 
tensions (t) + t) developed in that musele by stimulation of these two afferent nerves 
' separately i.e., T > (t, + ty). This is due to the fact that some common motor neurons are 
of Nigh threshold type so that they are excited only when the two afferent stimulations 
produce effects, 

(5) Occlusion + This is reverse of subliminal fringe. In this case, the amount of 
tension (T) developed in a muscle by simultaneous stimulation of two afferent nerves 
is less than the sum total of the tensions (t; + t) developed in that muscle when the 
afferent nerves are stimulated separately Le., T< (t; + tz). it occurs when some common 
motor neu are of low threshold type that are excited by stimulation of each afferent 
nerve 

16] Facilitation ; If a reflex is elicited repeatedly, the responses are progressively 
higher in the first few ocasions. 


due 10 travel of impulses various internuncial neurons to the motor neuron 
even after the sensory stimulus is stopped. 

[10] Fractionation Men a stimulus is applied directly to the motor neuron, the 
degree of contraction of the muscle is much higher than that produced reflexly by 


stimulation of the sensory neuron. This indicates that a fraction of the sensory impulse 
is lost in the CNS, 7 — 


6.11. A few comparisons 
6.111, DIFFERENCE BETWEEN 
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6.11.2. DIFFERENCE BETWEEN BRAIN AND SPINAL CORD 
Brain Spi 
U N is situated within the cranial cavity, | (1) It ts situated within the vertebral canal 
[2] It has 3 main parts (or divisions) | [2] it has $ main parts-—cervical, thoracic, 
forebrain, midbrain and hindbrain. lumbar, sacral and coccygeal 
[3] It is connected with 12 pairs of | (3) It is connected with 31 pairs of spinal 
cranial nerves. nerves. 
[4] It acts as the centre for both reflex | [4] ft acts as the centre for reflex actions 
only but not voluntary actions. 


6.11.3. DIFFERENCE BETWEEN GREY MATTER AND WHITE MATTER 


{1} It includes the areas of CNS rich in} (1) It includes the areas of CNS rich in 
cell bodies of neurons and neuroglia nerve fibres. 
cells. 
[2] It forms he nerve centres. [2] It forms the nerve tracts, 
[3] In this, myelin sheath is absent f [3] Due to presen’e of myelin sheath, it 
hence, it appears grey coloured, appears white in colour. 


6.114. DIFFERENCE BETWEEN CEREBRUM AND CEREBELLUM 


{1} It is a part of hindbrain, 
[2] Its grey matter (cortex) has ‘rse 


[1] His a part of forebrain. 
{2} Its grey matter (cortex) has six layers. 


layers, 
[3] it contains Purkinje cells. 
{4] Itis most highly developed in bin's, 


[5] It is concerned with control of fine 
voluntar, movements and posture 
and equiibrium. 


(3) In contains pyramidal ceils. 
[4] It is most highly developed in 
humans. 


[5] It is concerned with conscious 
sensations, voluntary motor 
and higher mental functions eg. 
learning, memory, intelligence, 
personality erc. 


— — e 
6.11.5. DIFFERENCE BETWEEN VENTRICLES OF HEART AND VENTRICLES 


brain. 
2] These are two in number, 2 These are four in number. 


[3] These are lined by endocardium, 13) These are lined by cpendyma. 
[4] They contain CSF but do not act as 


pump for circulation of CSF. 
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6.11.6. DIFFERENCE BETWEEN LATERAL VENTRICLE AND FOURTH 


VENTRICLE 
Lateral ventricle Fourth ventricle 
[1] Itis situated in the hindbrain. 


[1] Itis situated in the forebrain. 9 

[2] They are two in number. [2] It is only one in number. 

[3] They remain connected with the third |[3] It remains connected with the third 
ventricle through the foramina of ventricle through the aqueduct of 

Monro. Sylvius. 


6.11.7. DIFFERENCE BETWEEN FORAMEN OF MONRO AND FORAMEN 


MAGNUM 
[1] It is located in the occipital bone of 


[1] It is located in brain. 
cranium. 


[2] It is only one in number. 
[3] It is large opening between the cranial 
cavity and vertebral canal. 


[2] It is two in number. 

[3] It is a passage between the lateral 
ventricle of each side and the third 
ventricle. < 

[4] Through this the CSF flows. from 
lateral ventricle of each side to the 

third ventricle. 


6.11.8. DIFFERENCE BETWEEN CRANIALE NERVES AND SPINAL NERVES 


Cranial nerves Spinal nerves 


[1] These are attached to brain. [1] These are attached to spinal cord. 
[2] They are 12 pairs in number. [2] They are 31 pairs in number. 
[3] They may be of either purely sensory, |[3] They are of mixed type only. 
purely motor or mixed types. 
[4] Some of these carry special sensations. |[4]None of these carry special sensations. 
[5] Some of these contain parasympathetic][5] Some of these contain 
fibres but none contains sympathetic parasympathetic fibres while some 
fibres. others contain sympathetic fibres. 


6.11.9. DIFFERENCE BETWEEN PARASYMPATHETIC NERVOUS SYSTEM 
AND SYMPATHETIC NERVOUS SYSTEM 


Parasympathetic nervous system Sympathetic nervous system 


[1] Origin :Craniosacral outflow ;ļ|[1] Origin: Thoracolumbar outflow ; 
includes 3rd, 7th, 9th and 10th cranial includes Ist thoracic to 3rd lumbar 
and 2nd, 3rd and 4th sacral nerves. nerves. 

[2] Ganglia : Terminal, i.e., located near | [2] Ganglia : Paravertebral or collateral 

the effector organ. Hence, the i.e. located far away from the 

preganglionic fibres are long and effector organ. Hence, preganglionic 
postganglionic fibres are short. fibres are short and postganglionic 
fibres are long. 

[3] Distribution : Widespread. 


[4] Through this the brain (medulla 
oblon-gata) remains connected with 
the spinal cord. 


[3] Distribution: On discrete organs. 
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Parasympathetic nervous system Sympathetic nervous system 


[4] Neurotransmitter : Both pre- and |[4] Neurotransmitter: Preganglionic 
post- ganglionic neurons liberate neurons liberate acetylcholine whereas 
acetylcholine. postganglionic neurons liberate nor- 

adrenalin or adrenalin (except those 

supplying the sweat glands). 


[5] Actions: [5] Actions: 
(i) Usually localized and short (i) Usually widespread and long 
lasting. lasting. 


(ii) Anabolic in nature. (ii) Catabolic in nature. 


6.11.10. DIFFERENCE BETWEEN NEURAL CENTRES (NUCLEI) AND 


AUTONOMIC GANGLIA 
Neural centres (Nuclei) Autonomic ganglia 
[1] These are collection of synapses 


[1] These are collection of synapses 
outside the CNS (i. e., in the PNS). 


within the CNS. 
[2] Such synapses may be either [2] Such synapses are excitatory only. 


excitatory or inhibitory. 
[3] Different neurotransmitters are | [3] Acetylcholine is the only transmitter 
released in these synapses. released in all autonomic ganglia. 


6.11.11. DIFFERENCE BETWEEN GREY RAMUS AND WHITE RAMUS 


[1] Itis a nerve branch containing nerve 
fibres passing from spinal nerve to 
the sympathetic chain. 

[2] It is made up of sympathetic pregang- 
lionic fibres. 

[3] Its nerve fibres are myelinated ; 

hence, it looks white in colour. 


[1] Itis a nerve branch containing nerve 
fibres passing from sympathetic 
chain to spinal nerve. 


[2] It is made up of sympathetic 
postganglionic fibres. 

[3] Its nerve fibres are unmyelinated ; 

hence, it looks grey in colour. 


6.11.12. DIFFERENCE BETWEEN VOLUNTARY ACTION AND REFLEX 
ACTION 


Voluntary action Reflex action 
[1] Itis controlled by desire. [1] Itis not controlled by desire. 


[2] Motor area (area 4) of cerebral | [2] Subcortical areas of CNS act as the 
cortex acts as the centre for such centre for such action. 


action. 


[3] Itis done consciously. [3] It occurs unconsciously and 
spontane-ously. 


2253—74 
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6.11.13. DIFFERENCE BETWEEN UNCONDITIONED REFLEX AND 


CONDITIONED REFLEX 
Unconditioned reflex Conditioned reflex 
[1] It is acquired. 


[1] Itis inborn. 155 
[2] It originates spontaneously. [2] Its origin is based on unconditioned 
reflexes. 


[3] It depends on experience, learning, 
memory, training, practice etc. 


[3] It does not depend on experience, 
learning, memory, training, practice, 
habit etc. 

[4] Itis not abolished by lack of practice 
or change of habit. 

[5] It does not require participation of 

cerebral cortex. 


[4] It is abolished by lack of practice or 
change of habit. 

[5] It requires participation of cerebral 

cortex. 


6.12. Matters to Recollect 


r Central nervous system is made up of brain and spinal cord. 

b The largest part of human brain is cerebrum. 

t Cerebellum is the largest part of hindbrain 

* Pyramidal cells are found in cerebral cortex. 

t¥ Purkinje cells are found in cerebellar cortex. 

r Peripheral nervous system is made up of 12 pairs of cranial nerves and 31 
pairs of spinal nerves. 

t A cranial nerve may be of sensory or motor or mixed type. 

ta All spinal nerves are of mixed type. 

u Nerves regulating the involuntary organs are called autonomic nerves. 

t Craniosacral division of ANS is called Parasympathetic system. 

u Thoracolumber division of ANS is called sympathetic system. 

£8" A group of cell bodies or synapses present in CNS is called nucleus whereas 
that in PNS is called ganglion. 

ta The neural path of a reflex action is called reflex arc. 

ta The neural path for unconditioned reflexes exist from birth. 

ts The neural path for conditioned reflexes are established after birth. 


6.13. Summary 


The nervous system is divisible into two parts—central nervous system or 
CNS (consisting of brain and spinal cord) and peripheral nervous system or 
PNS (consisting of 12 pairs of cranial nerves and 31 pairs of spinal nerves). The 
brain is further subdivided into three parts—forebrain (consisting of cerebrum 
and diencephalon), midbrain and hindbrain (consisting of pons, medulla and 


cerebellum), Midbrain, pons and medulla are together called brain stem. In cerebrum 
and cerebellum the grey matter is on the outer side (hence known as cortex) and 
white matter is on the inner side while in the remaining parts of the CNS (i.e., brain 
stem and spinal cord), the arrangement of grey and white matters are reverse. 
Cerebrum is the most highly developed part of human brain. It is responsible 
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for control of voluntary movements, conscious sensations, learning, memory, 
intelligence, speech etc. The diencephalon has two parts—thalamus and 
hypothalamus. The thalamus is the common sensory relay station and centre for 
crude sensations. The hypothalamus is the higher centre for regulation of ANS and 
endocrine system and thereby takes part in regulation of body temperature, hunger 
and feeding, thirst and drinking, water balance, sex functions etc. The midbrain 
helps in maintenance of posture and equilibrium of the body, movement of eyeball 
etc. The pons acts as a centre for regulation of respiration, facial expressions, 
movements of eyeball, salivation etc. The medulla oblongata acts as the centre for 
regulation of visceral organs. Cerebellum is responsible for control of posture and 
equilibrium and fine voluntary movements, The bain is connected with 12 pairs 
(12 on each side) of cranial nerves named as (i) olfactory, (ii) optic, (iii) oculomotor, 
(iv) trochlear, (v) trigeminal, (vi) abducens, (vii) facial, (viii) auditory, 
(ix) glossopharyngeal, (x) vagus, (xi) spinal accessory and (xii) hypoglossal. Cranial 
nerves are of three types—sensory, motor or mixed. 

The Spinal cord is a narrow tube having 31 segments. Each segment is connected 
with a pair of spinal nerves (one on each side). The first eight segments of spinal 
cord are named as cervical, next twelve as thoracic, next five lumbar, next five 
sacral and the last one coccygeal. Spinal cord acts as the centre for various reflexes. 
Spinal nerves are named according to the segment of spinal cord to which they are 
connected. All spinal nerves are of mixed type. 

Those parts of the nervous system that are concerned with the control of visceral 
(involuntary) organs (de., smooth muscles and glands) are collectively called 
autonomic nervous system (ANS). It is divisible into two parts—sympathetic 
and parasympathetic. First thoracic to third lumbar spinal nerves contain 
sympathetic fibres while the IIIrd VIIth, IXth and Xth cranial nerves and 2nd, 3rd 
and 4th sacral spinal nerves contain parasympathetic fibres. 

A spontaneous involuntary motor response due to a sensory stimulus is called 
reflex action. The neural path for reflex action is termed reflex are which consists 
of five parts—receptor, afferent nerve, centre, efferent nerve and effector organ. 
The more is the number of synapes in a reflex arc, the greater is the complexity of 
the reflex action. Reflexes present from birth are called inborn or unconditioned 
reflexes whereas those developed by learning and habit are called acquired or 
conditioned reflexes. 


6.14. Naming / Discovery / Discoverer 


III Robert Whytt (1768) first proposed the concept of reflex action and 
demonstrated dependence of each reflex on the integrity of a particular part of CNS. 

[2] Rolando (1809) showed that voluntary movement was lost after removal of 
cerebral cortex. 

[3] Bell (1811) and Magendie (1822) demonstrated the function of dorsal and ventral 
roots of spinal nerves as afferent and efferent nerves. 

[4] Marshall Hall (1833) introduced the concept of reflex arc. 

[5] Valentin (1836) first recognized the white ramus and grey ramus and their relation 
to spinal cord. 
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[6] Broca (1861) discovered speech centre in cerebral cortex. 

I Betz (1874) discovered the giant cells in the motor area and these cells were 
named Betz cells. 

[8] Langley (1898) introduced the name autonomic nervous system. 

[9] Pavlov (1903) discovered and gave the name ‘conditioned reflex’. 

[10] Dale (1934) introduced the distinction between cholinergic and adrenergic 


nerves, 


6.15. Some Diseases / Disorders Of Nervous System 


[1] Alzheimer’s disease : Pre-senile dementia (loss of memory). 

[2] Aphasia : Defect of speech due to dysfuncting of the speech centres. 

[3] Encephalitis ; Inflammation of the brain due to infection by bacteria, virus, 
fungus or protozoa, 

[4] Glioma : Tumors of the neuroglia. 

[5] Hemiplegia : Paralysis of one side of the body. 

lol Hydrocephalus : A condition of increased volume and pressure of CSF within 
the skull, accompanied by dilatation of the ventricles of brain. 

[7] Meningitis : Inflammation of the meninges. 

[8] Neuritis : Inflammation of a nerve, 

{9} Paralysis : Loss of voluntary movement or sensation due to lesion of a nerve (or 
nerves). 

{10} Paraplegia : Paralysis of upper or lower half of the body ; usually affecting 
lower half (Le, both the legs), 

[11] Parkinson's disease (or Parkinsonism) : A chronic, progressive disorder of 
motor functions characterized by tremor at rest which worsen with emotional stress 
and caused by dysfunctioning of basal ganglia. 

{12} Poliomyelitis : A communicable disease caused by infection of ‘polio virus’ 
producing inflammatory lesions of the spinal grey matter and marked by fever, headache, 
paralysis and muscular atrophy. It is more common in children: hence, formerly known 
as ‘infantile paralysis’ 

6.16. Answer To Some Special Questions : 
[1] (a) What do you mean by a reflex action ? (b) Mention one reflex action 
and describe its reflex arc, J. E. E. 1986) 
Ans. (a) See Article No. 6.10. 
(b) Light reflex is a reflex action in wihich pupil of eye is constricted when 
suddenly a bright light falls on retina, In this reflex, the retinal cones act as 
receptor. The optic nerve which carries the visual informations to the brain is 
the afferent nerve, the midbrain acts as the centre, the parasympathetic division 
of the oculomotor nerve is the efferent nerve, and the circular muscle of iris 
is the effector organ. The reflex arc of light reflex is shown below schematically : 
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Bright light ; Cones of retina Optic nerve 


(Stimulus) > bee, eee nerve) } 
Oculomotor nucleus 
in midbrain 
8 egen of (Centre) 
‘onstriction i muscle 
of pupil <———_of iris = 
(Reflex response) (Effector organ) (Efferent nerve) 
[2) (a) What is reflex are D J. E. E. 1987] 
(b) Draw a labelled diagram of disynaptic reflex are. [J.E.E. 1987] 
(ce) What is corpus callosum ? U. E. E. 1987, 2000) 


Ans. (a) The complete neural pathway for reflex action is called reflex arc. It includes 
a receptor, an afferent neuron, the centre (connection between afferent and 
efferent neurons in the CNS), an efferent neuron and the effector organ. 

(b) A reflex arc with two synapses at its centre due to presence of an interneuron 
(connector neuron) in between the afferent and efferent neurons is called 
disynaptic (or trineuronal) reflex arc. 


Fig. 6,18 : Disyaptic reflex arc. 


(c) Corpus callosum is a broad bundle of commisural nerve fibres connecting 
the two cerebral hemispheres. 
[3] What is the role of nervous system ? IJ. E.. 1990] 
Ans. Nervous system forms a communication system between the receptors and the 
effectors and permits varying degrees of co-ordination of information from 
different receptors and stored memory, giving rise to integrated response to 
stimuli. This is accomplished by transmission of impulses through the neurons, 
[4] Write a short note on visual centre. JEE. 1991) 
Ans. Visual centre means the area of cerebral cortex responsible for sensation of 
vision. It is located in the areas 17, 18 and 19 of the occipital Jobe which receives 
information from the eye. The visual centre of each cerebral hemisphere is 
referred to as half visual centre because it receives informations about the 
opposite half of the object only. 
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[5] 


Ans. 
[6] 


Ans. 


[7] 
Ans. 


[8 


= 


Ans. 
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Ans. 


[10] 
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What changes will take place in myocardial contraction when (i) vagus 
Supply to heart is stimulated ; (ii) sympathetic supply to heart is stimulated ? 
IJ. E. E. 1994] 
(i) Inhibition (or decrease); (ii) Stimulation (or increase). 
Explain the following briefly—The sympathetic system usually affects wide 
areas of the body while the parasympathetic system has more localized 
effects. J. E. E. 1994 
This is because the sympathetic system has wider distribution in different Organs 
and systems including visceral organs, blood vessels, sweat glands and 
piloerector muscles. On the other hand, the distribution of parasympathetic 
system is more localized to some discrete organs only. 
What is knee-jerk reflex ? IJ. E. E. 1998 
When the knee is semiflexed, a sharp tap on the patellar tendon (i. e. Stretching 
of the qudriceps femoris muscle) causes a jerky extension of the leg due to 
reflex contraction of the qudriceps femoris muscle. This is called knee-jerk 
reflex or patellar tendon reflex. It is a typical example of stretch reflex, deep 
reflex and monosynaptic reflex. 
(a) Name the cranial nerves which are both sensory and motor in nature 
(mixed). (b) Which cranial nerves are responsible for taste sensation ? 
(c) Mention the vagal effects on heart. [J.E.E. 1998] 
(a) Trigeminal (Vth cranial), Facial (VIlIth cranial), Glossopharyngeal (IXth 
cranial) and Vagus (Xth cranial), 
(b) Facial and Glossopharyngeal nerves. 
(c) Vagus nerve exerts tonic inhibitory effects on heart by its cardiac branch, 
Such cardioinhibitory effects of vagus nerve include i) decrease in frequency 
or rate (negative chronotrophic effect), (ii) reduction of force of contraction 
(negative ionotropic effect), (iii) decrease in excitability (negative bathmotropic 
effect) and (iy) decrease in conductivity (negative dromotropic effect). 
Where foramen of Monro is situated ? $ 
Foramen of Monro is situated in between the lateral ventricle of each side and 
the third ventricle and forms a passage between these ventricles, 


originate from the spinal cord in human being ? (e) How many pairs of 
cranial nerves originate from human brain ? J. E. E. 1999 
(a) Spinal cord is the elongated tubular part of the CNS which remains 
Surrounded and protected by the vertebral column. 

(b) Sulci, fissures and gyri are found in the cerebrum (cerebral cortex) of brain. 
(c) Medulla oblongata is the cone shaped lowermost part of the brainstem 
extending downward from caudal border of pons to foramen magnum. 

(d) 31 pairs. 


(e) 12 pairs, 
(a) Which part of the brain does control bird’s behaviour ? (b) What are 
the two types of brain waves ? [J.E.E. 2000] 


(a) Cerebellum of brain controls birds behaviour or flight by adjusting balance 
of the body during flight. 
(b) Alfa wave, Beta wave, Delta wave and Theta wave (Mention any two). 


112] 


Ans. 


[13] 


Ans. 


[14] 


Ans, 


{15} 


Ans, 


[16] 
Ans. 


1171 
Ans. 


[18] 


Ans. 


NERVOUS SYSTEM 1175 


(a) What is dura mater ? (b) Mention five regions of brain. (c) Write the 

names of mixed cranial nerves. 

(a) Dura mater is the outermost of the three meninges (membranous covering 

of brain and spinal cord). 

(b) 3 diencephalon, midbrain, pons, medulla and cerebellum. (mention 

any five), 

(e) See answer to Q-8 (a). 

What is a voluntary action and how does it differ from a reflex action ? 
IJ. E. E. 2000] 

A voluntary action means a motor response of the voluntary (i.e., skeletal or 

striated) muscle initiated by the cerebral cortex according to desire. It may not 

involve participation of receptors and sensory neurons. On the other hand, a 

reflex action essentially requires participation of some receptors and sensory 

neurons but not the cerebral cortex. It can neither be initiated nor be stopped by 

desire. A voluntary action is done consciously while a reflex action occurs 

subconsciously and spontaneously. 

(a) Name the Xth cranial nerve. (b) What is mixed nerve ? (c) What are the 

influences of sympathtic nerve on (i) heart, (ii) iris of eye, (iii) alimentary 

canal and (iv) urinary bladder ? [J.E.E. 2001] 

(a) Vagus nerve. 

(b) Mixed nerve is a nerve having both sensory (afferent) and motor (efferent) 

fibres. 

(e) (i) Increase in force and rate of contraction. 

(ii) Contraction of radial muscles causing dilatation of pupil (mydriasis). 

(iii) Decrease in secretory activity and motility with contraction of sphincters. 

(iv) Relaxation of bladder (detrusor muscle) with contraction of internal 


sphincter. 
Explain what is meant by ‘cholinergic nerve’ and ‘adrenergic nerve’ with 
examples. J. E. E. 2003] 


Nerves which act by liberating acetylcholine as their neurotransmitter are called 
cholinergic nerves. Example—somatic motor nerves, parasympathetic nerves. 
Adrenergic nerves are those nerves which act by liberating adrenalin as the 
neurotransmitter. Example—sympathetic nerves. 

What are Rolandic fissure and Sylvian fissure ? 

Rolandic fissure (or fissure of Rolando or Central fissure) is a deep sulcus of 
cerebral cortex which separates the frontal lobe from parietal lobe. Sylvian 
fissure is another deep sulcus of cerebral cortex which separates the temporal 
lobe from the frontal and parietal lobes. 

What are corpus callosum and corpus striatum ? 

Corpus callosum—See answr to Q-2(c). 

Corpus striatum is a mass of grey matter which remains deeply embedded 
within the white matter of each cerebral hemisphere on the floor of lateral 
ventricle. 

Mention the location of grey matter and white matter in cerebrum, 
midbrain, pons, medulla, cerebellum and spinal cord. 

In cerebrum and cerebellum, the grey matter is located on the outer side and 
white matter is located inside. In midbrain, pons, medulla and spinal cord, the 
grey matter is located inside and white matter is located on the outer side. 
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Ans. 


[26] 
Ans. 
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Which lobes of the cerebral cortex contain the centre for—vision, audition, 
general sensation and voluntary motor movements ? 
Vision—occipital lobe. Audition — temporal lobe. General sensation — parietal 
lobe. Voluntary motor movements—frontal lobe. 
What is diencephalon ? Mention its major parts. 
Diencephalon (or thalamencephalon) is a small portion of forebrain lying below 
the cerebrum. Its major parts are thalamus and hypothalamus. 
What is brain stem ? 
Brain stem is a stem-like portion of brain, consisting of midbrain, pons and 
medulla oblongata. 
Name the neurotransmitters released at—(a) parasympathetic ganglia. 
(b) sympathetic ganglia (c) parasympathetic neuroeffector junction and 
(d) sympathetic neuroeffector junction. 
(a), (b), (c) Acetylcholine. 
(d) Adrenalin or Noradrenalin. 
What are white ramus and grey ramus ? 
White ramus is a nerve branch connecting the spinal nerve and sympathetic 
chain through which the sympathetic preganglionic neurons leaving the spinal 
nerve enter into the sympathetic chain. It is so named because it looks white 
due to the presence of myelinated nerve fibres in it. 
Grey ramus is another nerve branch connecting the spinal nerve and the 
sympathetic chain through which the postganglionic neurons emerging from 
the sympathetic chain enter into the spinal nerve. 
Where are the following found ? 
(a) Pyramidal cell, (b) Purkinje cell, (e) Betz cell, (d) Motor area, 
(a) Cerebral cortex, (b) Cerebellar cortex, (c) Cerebral cortex, (d) Frontal lobe 
of cerebrum. 
Mention the numerical order and names of the cranial nerves that are— 
(a) purely sensory and (b) purely motor. 
(a) Ist cranial (olfactory) nerve, IInd cranial (optic) nerve and VIIth cranial 
(auditory) nerve. 
(b) Ird cranial (oculomotor) nerve, IVth cranial (trochlear) nerve, VIth cranial 
(abducens) nerve, XIth cranial (spinal accessory) nerve and XIIth cranial 
(hypoglossal) nerve. i 


Which nerves carry the sensation of sight, smell and hearing to brain ? 
Sight—Optic (IInd cranial) nerve. 

Smell—Olfactory (Ist cranial) nerve. 

Hearing—Cochlear division of auditory (VIIIth cranial) nerve. 


To which parts of the brain the different cranial nerves remain attached ? 


Cranial nerves Parts of brain 


Ist and IInd cranial Forebrain 
IIIrd and IVth cranial Midbrain 
Vth, VIth, VIIth and VIIIth cranial Pons 


IXth, Xth, XIth and XIIth cranial Medulla oblongata 


1301 
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Name the cranial nerves controlling the movements of (a) eyeball, (b) tongue. 
(a) Oculomotor (3rd cranial), Trochlear (4th cranial) and Abducens (6th cranial) 
nerves. 

(b) Hypoglossal (12th cranial) nerve. 

What do you mean by dorsal horn, ventral horn and lateral horn of spinal 
cord ? 

Dorsal horn, ventral horn and lateral horn are the parts of grey matter of spinal 
cord, In each lateral half of spinal cord, the grey matter is divisible into a posterior 
(or dorsal) narrow part called dorsal horn and a large anterior (or ventral) part 
called ventral horn. The grey matter of spinal segments giving origin to the 
autonomic nerves (i. e., Ist thoracic to 3rd lumbar and 2nd to 4th sacral segments) 
possess an additional lateral mass called lateral horn. 

What are dorsal column, ventral column and lateral column of spinal cord ? 
These are the three parts of white matter of spinal cord. Dorsal column is the 
part of spinal white matter lying between the dorsal horn and the posterior 
median septum. Ventral column is the portion of spinal white matter lying 
between the ventral horn and the anterior median fissure. Lateral column is 
the part of spinal white matter lying between the dorsal and ventral horns of 
each side. 

Distinguish between Sylvian fissure and Sylvian aqueduct. 


Ans. Sylvian fissure is a deep sulcus (depression) of the cerebral cortex separating the 


[32] 
Ans. 
[33] 
Ans. 


[34] 


Ans. 


[35] 
Ans. 


[36] 


Ans. 


temporal lobe from the frontal and parietal lobes. 

Sylvian aqueduct (or aqueduct of Sylvius or iter) is the narrow tube-like cavity 
of the midbrain through which the cavities of diencephalon (3rd ventricle) and 
hindbrain (4th ventricle) remain connected. 

What is subarachnoid space ? 

Subarachnoid space is the space between the arachnoid mater and pia mater. 
How CSF can be collected ? 

CSF can be collected by lumbar puncture or cisternal puncture. Lumbar puncture 
means insertion of a hollow needle into the spinal canal in the region of lumbar 
vertebrae usually between 3rd and 4th lumbar spines. Cisternal puncture means 
insertion of a hollow needle into cisterna magna through the atlanto-occipital 
ligament (i. e., piercing the needle between occipital bone and atlas). 

What are ependyma and ependymocyte i 

Ependyma is the membrane lining the cavities of CNS (i. e., ventricles of brain 
and central canal of spinal cord). It is a ciliated cubical epithelium. An 
ependymal cell is called ependymocyte. 

(a) What is choroid plexus ? (b) What is its function ? 

(a) The ependyma lining of the ventricles of brain together with the vascular 
fringes of pia mater invaginating them is called choroid plexus. 

(b) The choroid plexus is concerned with formation of CSF. 

Which cranial nerves belong to (a) ANS, (b) parasympathetic system and 
(c) sympathetic system ji 

(a) and (b) Oculomotor (IlIrd cranial), Facial (VIIth cranial), Glossopharyngeal 
(IXth cranial) and Vagus (Xth cranial) nerves. 

(c) None of the cranial nerves belong to sympathetic system. 
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Which spinal nerves contain—(a) sympathetic fibres, (b) parasympathetic 
fibres ? 
(a) Ist thoracic to 3rd lumbar nerves (i. e., all the thoracic nerves and first three 
lumbar nerves). 
(b) 2nd, 3rd and 4th sacral nerves. 
What are meant by nucleus (or centre) and ganglion in nervous system ? 
Give two examples of each. 
In nervous system, the term nucleus or centre refers to a collection of cell 
bodies of neurons (i.e., synapses) within the CNS. Example—supra optic nucleus 
and para ventricular nuclus of hypothalamus (or cardiac centre and vasomotor 
centre of medulla). 
Ganglion means collection of cell bodies of neurons or synapses outside the 
CNS. Example—dorsal root ganglion of spinal nerves and autonomic ganglion. 


[39] What are autonomic ganglia 2 y 
Ans. The autonomic nerves after originating from the CNS make synapses on their 


[40] 
Ans. 


[41] 


Ans. 


[42] 
Ans. 


[43] 
Ans. 


01] 
[2] 
fi] 
lii] 


way to the effector organs. Such synapses formed by the autonomic nerves 
outside the CNS are called autonomic ganglia (singular ganglion). 

What is sympathetic chain ? 

The paravertebral sympathetic ganglia remain connected to form a chain like 
structure on either side of the vertebral column ; this is called sympathetic chain. 
Distinguish between the pre- and post-ganglionic neurons of 
parasympathetic and sympathetic divisions of ANS. 


Division of ANS | Preganglionic neuron Postganglionic neuron 


Parasympathetic | Long; Cholinergic; Myelinated.| Short; Cholinergic; 


Unmyelinated. 


Sympathetic 


Short; Cholinergic; Myelinated Long; Noradrenergic ; 
Unmyelinated. 


What do you mean by electroencephalogram and electrocorticogram ? 
Electroencephalogram (or EEG) is the graphical record of the electrical activity 
(i e., changes in electrical potential) of brain obtained by placing electrodes on 
the scalp surface. The EEG record shows four types of waves (alpha, beta, 
delta and theta waves) ; these are called EEG waves or brain waves. 
Electrocorticogram (ECoG) is the graphical record of the electrical activity 
of cerebral cortex obtained by placing electrodes directly on the cerebral cortex. 
Mention the functions of vagus nerve. 

Vagus verve is a mixed nerve innervating the visceral organs of thorax and 
abdomen. So, it has both sensory and motor functions. 

Sensory functions—The afferent fibres of vagus nerve carry sensory 
informations about stretching (distension) of visceral organs like alimentary 
canal, heart, lung etc., for eliciting various reflexes. 

Motor functions— 

It decreases cardiac output by inhibiting the activity of heart (i. e., force and 
frequency of heart’s contraction). 

It increases the motility of alimentary canal with relaxation of the sphincters. 
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[iii] It stimulates contraction of gall bladder for evacuation of bile. 
[iv] It increases secretion of gastric, pancreatic and intestinal juices. 
[v] It contracts bronchial muscles producing bronchoconstriction. 


ee EXERCISE m a 22222222 


@ A. Essay type or Long answer type questions: 


111 
121 


[3] 
[4] 
[5] 
[6] 
[7] 
[8] 
[9] 
110] 
1111 
[12] 


131 
[14] 


[15] 
[16] 
017) 


118] 
[19] 


[20] 
[21] 
[22] 
[23] 
[24] 
1251 
[26] 
27] 


[28] 
[29] 


Classify nervous system. [H.S. 1994] (Ans. 6.2) 
Where is foramen of Monro located ? Explain the primary regions of brain with chart. 
[J-E.E. 1998] (Ans. 6.6, 6.2) 


Discuss the functions of nervous system. (Ans, 6.3) 
Describe the different parts of cerebral cortex and mention their functions. (Ans. 6.4.1) 
Describe the functions of human cerebrum. (HLS. 1983, 88] (Ans. 6.4.1) 
What is thalamus ? Describe the functions of thalamus ? (Ans. 6.4.2) 
Write the functions of midbrain and pons. (Ans, 6.4.3, 6.4.4.) 
What are the functions of the following structures— 


(a) cerebellum, (b) medulla and (c) hypothalamus ? [J.E.E. 2000] (Ans. 6.4.6, 6.4.5, 6.4.2) 


Describe the microscopic structure of spinal cord. [Tripura H.S, 1990] 
Or, Describe the structure of spinal cord (transverse sectional view). (Ans. 6.7) 
What are ventricles of the brain ? Describe their location and interconnections with a neat 
latelled sketch. (Ans, 6.6) 
What are cranial nerves ? Name the cranial nerves of man sequentially. Write the origin, 
distribution and function of any two cranial nerves. (Ans. 6.5) 
What is cerebrospinal fluid (CSF) ? Give two important functions of CSF. What are grey 
matter and white matter? What are meninges ? [J.E.E. 1993] (Ans. 6.6, 6.2) 
Define autonomic nervous system and classify it. [J.E.E. 2005] (Ans. 6.9) 


What is autonomic nervous system ? Write what you know about its function in brief. 
: [ELS. 1983, 86, 88. Tripura H.S. 1992] (Ans. 6.9) 
What is meant by sympathetic and parasympathetic nervous system ? Discuss briefly the 


function of any one of them. [H.S. 1990, 97] (Ans. 6.9) 
What are spinal nerves ? How many spinal nerves are found in man ? Classify them and 
describe their organization. (Ans. 6.8) 


What is reflex action ? Describe the different parts of a reflex arc with diagram. 
III. S. 1985, 87; J. E. E. 1984, 86, 89] (Ans. 6.10) 
What is reflex action ? Describe its classification with examples. [H.S. 1986] (Ans. 6.10) 
Distinguish between sympathetic and parasympathetic nervous system. Briefly discuss their 
functions. III. S. 1999] (Ans. 6.9) 
What is reflex acion ? What do you mean by superficial reflex and deep reflex ? Describe the 
simple reflex are with labelled diagram. (Ans. 6.10) 
What is reflex are ? Describe the different parts of areflex arc with labelled sketch and mention 
their functions. II. S. 2001] (Ans. 6.10) 
What is reflex ? Give a neat labelled sketch of reflex arc in man. Give a brief idea of varieties 
of reflex arcs. [J.E.E. 1994] (Ans. 6.10) 
Explain unconditioned and conditioned reflexes giving examples. (Ans. 6.10) 
What is conditioned reflex ? Describe Pavlov’s experiment to prove it. (Ans. 6.10) 
Diagram the conditioned reflex with example. Write down the name of two spinal nerves. 
III. S. 1994] (Ans. 6.10, 6.8) 
What is a voluntary action and how does it differ from a reflex action ? 
II. E. E. 2000] (Ans. 6.16. Q-13) 


Describe the different types of reflex arcs with diagram. (Ans. 6.10) 
Describe the properties of reflex action. (Ans. 6.10) 
Write the functions of vagus nerve. (Ans. 6.16. Q-43) 
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© B. Short answer type questions: 


[1] What are the basic functions of nervous system ? (Ans. 6.3) 
[2] What do you mean by—(i) nerve, (ii) nerve tract ? (Ans. 6.2) 
[3] What is the average weight of human brain? (Ans. 6.2) 
[4] Name the major parts of human brain. (Ans. 6.2) 
[5] What do you mean by somatic nervous system and autonomic nervous system? (Ans. 6.2) 
[6] What do you mean by nucleus and ganglion ? (Ans, 6.2) 
{7] What are sensory nerves, motor nerves and mixed nerves ? Give two examples of each. 
(Ans. 6.2) 
[8] How many cranial nerves are found in human nervous system ? Which of these belong to 
autonomic nervous system ? 2 (Ans. 6.5, 6.9) 
[9] What do you mean by basal ganglia ? (Ans. 6.4.1) 


[10] Write the location of (i) thalamus, (ii) cerebellum (iii) pons, (iv) corpora quadrigemina. 
(Ans. 6.4.2, 6.4.6, 6.4.4, 6.4.3) 


[11] What are—(i) medium longitudinal fissure, (ii) Robandic fissure (iii) Sylvian fissure ? 


(Ans. 6.4.1) 
[12] What are—(i) motor area, (ii) Broca’s area ? (Ans. 6.4.1) 
[13] Mention the names and locations of the ventricles of brain. (Ans. 6.6) 
[14] Name the sensory cranial nerves. (Ans. 6.5) 
[15] Which cranial nerves are motor nerves ? (Ans. 6.5) 
[16] Which cranial nerves are of parasympathetic type ? (Ans. 6.9) 
[17] Which spinal nerves are of parasympathetic type ? (Ans. 6.9) 
[18] Which spinal nerves contain sympathetic fibres ? (Ans. 6.9) 
[19] What is asynaptic reflex ? (Ans. 6,10) 
[20] What is monosynaptic reflex ? Give an example. (Ans. 6.10) 
[21] What do you mean by polysynaptic reflex ? Give an example. (Ans. 6.10) 
[22] What is a complex reflex arc ? (Ans. 6.10) 
[23] What are white ramus and grey ramus ? (Ans. 6.9) 
[24] Name the divisions of spinal cord segments and mention their number, (Ans. 6.7) 


[25] What changes will take place in myocardial contraction when (i) vagus supply to heart is 

stimulated ; (ii) sympathetic supply to heart is stimulated ? IJ. E. E. 1994] (Ans. 6.16. Q-5) 

[26] Explain the following briefly : The sympathetic system usually affects wide areas of the body 

while parasympathetic system has more localised effects. IJ. E. E. 1994] (Ans. 6.16. Q-6) 

[27] What is knee-jerk reflex ? [J.E.E. 1998] (Ans. 6.16. Q-7) 

[28] (a) Name the cranial nerves which are both sensory and motor in nature (mixed). (b) Which 
cranial nerves are responsible for taste sensation? (e) Mention the vagal effects on heart. 

[J.E.E. 1998] (Ans, 6.16. Q-8) 


[29] What are dorsal root and ventral root? (Ans. 6.8) 
[30] What is Bell-Magendie law ? (Ans. 6. 10) 
[31] What are —(i) stretch reflex, (ii) withdrawal reflex ? (Ans. 6.10) 
[32] What do you mean by tendon reflex ? Give two examples. (Ans. 6.10) 
[33] What do you mean by visceral reflexes ? Give two examples. (Ans. 6.10) 
[34] What are somatic reflexes ? Give two examples. (Ans. 6.10) 


[35] Who discovered—(i) reflex arc, (ii) conditioned reflex (iii) speech centre ? (Ans. 6.14) 
[36] What is autonomic nervous system ? What is reflex action? IH. S. 2005] (Ans. 6.9 ; 6. 10) 


@ C, Distinguish between: 


[1] Central nervous system and Peripheral nervous system. (Ans. 6.11. 1) 
[2] Brain and Spinal cord. (Ans. 6.11, 2) 
[3] Cranial nerve and Spinal nerve. (Ans. 6.11. 8) 
[4] Cerebrum and Cerebellum. (Ans. 6.11. 4) 
[5] White matter and Grey matter. (Ans. 6.11. 3) 


[6] Lateral ventricle and Fourth ventricle. (Ans. 6.11. 6) 


[7] 
[8] 
[9] 
[10] 
[11] 
[12] 
[13] 
[14] 
151 
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Foramen of Monro and Foramen magnum. (Ans. 6.11.7) - 
Grey ramus and White ramus. (Ans. 6.11. 11) 
Neural centres and Autonomic ganglia. (Ans, 6.11. 10) 
Ventricles of heart and Ventricles of brain. IJ. E. E. 1989] (Ans. 6.11. 5) 
Conditioned reflex and Unconditioned reflex. (Ans. 6.11. 13) 
Sympathetic nervous system and Parasympathetic nervous system. (Ans. 6.11. 9) 
White matter and White ramus. (Ans, 6.2, 6.9) 
Grey matter and Grey ramus. (Ans. 6.2, 6.9) 
Voluntary action and Reflex action. IJ. E. E. 2000] (Ans. 6.11. 12) 


@ D. Write brief notes on: 


m 


Cerebrum (Ans. 6.4.1). [2] Cerebellum [Tripura H.S. 1982] (Ans. 6.4.6). [3] Spinal cord 
(Ans. 6.7). [4] Medulla oblongata (Ans. 6.4.5). [5] Brain stem (Ans. 6.4.3, 6.4.4, 6.4.5). 
[6] Meninges (Ans. 6.6). [7] C.S.F. (Ans. 6.6). [8] Reflex action (Ans. 6.10). [9] Reflex arc 
(Ans. 6.10). [10] Spinal nerves (Ans. 6.8). [11] Autonomic nervous system (Ans. 6,9). 
[12] Conditioned reflex (Ans. 6.10). [13] Visual centre IJ. E. E. 1991] (Ans. 6.16. Q-4). 
[14] Cranial nerves [Tripura H.S. 1983] (Ans. 6.5). [15] Brain ventricles (Ans. 6.6). 


© E. Complete the sentences with suitable words from those given in parenthesis. 


a 
121 
[3] 
[4] 
[5] 
[6] 
(7) 
[8] 
[9] 
[10] 
m] 


121 
[13] 
[14] 
us] 
110] 
un 
118] 
1101 
120 
1211 
1221 
231 


[24] 
[25] 


Number of ventricles in brain is . (three / four / five). 

Cerebrum is a part of- . (forebrain / midbrain / hindbrain). 

Cerebellum is a part of- . (forebrain / midbrain / hindbrain). 

The weight of brain of a grown up man is about kg. (5.44 / 2.72 / 1.36) II. S. 1987] 

Pyramidal cells are present in . (spinal cord / cerebrum / ovary / cerebellum) 

Purkinje cells are present in—(cerebrum / cerebellum / spinal cord / retina). III. S. 1989] 

Total number of cranial nerves in man is: pairs. (5/10/12/15/25/ 31) 

Number of spinal nerves in man is: pairs in human. (10/12 130/31) [H.S. 2001] 

The third cranial nerve is. (auditory / oculomotor / optic). 

cranial nerve is called glossopharyngeal (Vth / VIIth / IXth / Xth). 

Name of the VIIth cranial nerve is. (optic/oculomotor/vagus/auditory/abducens) 
II. S. 1988, 96, 2001] 

. (oculomotor / abducens / trochlear / trigeminal / facial) 

IH. S. 1989, 97] 

The VIIth cranial nerve is. (abducens / auditory/ facial / trigeminal) IH. S. 1990] 

The VIth cranial nerve is. . (abducens / auditory / facial / trigeminal) (HLS. 1991] 

The Xth cranial nerve is a nerve. (sympathetic / parasympathetic) 

The sympathetic nervous system includes nerves (thoraco cranial / thoraco sacral / 

thoraco lumbar / thoraco cervical), [H.S. 1984] 

Sympathetic stimulation: blood pressure. (reduces / raises) 

cranial nerve is of parasympathetic type. (IInd / IV th/ VII th / XII th) 

Spinal nerves are of- type. (sensory / motor / mixed). 

Acetylcholine is a kind of- .(neurohormone / hormone / neurotransmitter / enzyme) 


The IVth cranial nerve is 


[H.S. 2005] 
Name of the fifth cranial nerve is , (oculomotor / vagus / trigeminal / glossopharyn 
geal) [H.S. 1998, 2001] 


Spinal cord passes into the neural canal of the vertebra through an aperture called 
(foramen ovale / obturator foramen / foramen magnum / foramen of Monro). II. S. 1999] 
Corpus callosum is found in the (female reproductive system / heart brain / blood) of 


mammals. [H.S. 2000] 
is a part of brain stem. (cerebrum / cerebellum / pons) 
Pia mater is a part of- (grey matter / white matter / meninges) 
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@ F. Fill in the blanks : 


111 
(2] 
131 
141 
[5] 
[6] 
7 
[8] 
191 
110] 
111 
(2) 
(13) 
14] 
{15} 


The Ind cranial nerve is a. nerve. 

division of the ANS is called parasympathetic system. 
The outermost of the meninges is called: 
The fluid present within the ventricles of brain is called 
Oculomotor nerve belongs io division of ANS. 
reflexes depend on habit and practice. 

ventricle is found in hindbrain. 

lobe of cerebrum contains the centre of vision. 
nerves are of mixed type. 

cranial nerve carries the sensation of smell. 
Superior colliculi are found in 
Dorsal root contains. fibres only. 

Spinal autonomic nerves originate from horn cells. 
In cerbellum, the grey matter is present on the side. 
Temporal lobe of cerebral cortex works as centre, 


All 


© G. Write whether the following statements are ‘True’ or ‘False’. 


u 
2 
151 
[4] 
[5] 
[6] 
171 
[8] 
[9] 
110 
1110 
112 


There are two ventricles in brain. 

Ventral root of spinal cord contains motor nerve fibres. 

The eleventh cranial nerve is called glossopharyngeal. 

The second thoracic spinal nerve contains parasympathetic fibres. 
Medulla oblongata contains outer grey matter and inner white matter. 
Stimulation of sympathetic system constricts the pupil. 

Knee-jerk reflex is a stretch reflex. 

Conditioned reflex was discovered by Broca. 

In human nervous system, the neuroglia cells are much more in number than the neurons. 
Vagus nerve carries smell sensation. 

The white matter contains nerve fibres. 

Sympathetic chain contains ganglia. 


@ H. Choose the correct answer: Multiple choice type questions: 


(1) 
[2] 
[3] 
[4] 
[5] 
[6] 
[7] 


[8] 
191 


110] 


The largest portion of a neuron is: 

(a) Cell body, (b) Axon, (e) Dendron, (d) Nucleus. 

The plasma membrane of Schwann cell is rich in: 

(a) Myelin, (b) Carbohydrate, (c) Fat, (d) Nucleoprotein. 

The number of neurons in human nervous system is about: 

(a) 10 million, (b) 100 million, (c) 1000 million, (d) 10,000 million. 

The largest part of human brain is: 

(a) Cerebrum, (b) Cerebellum, (c) Medulla, (d) Thalamus. 

The number of spinal nerves in man is + 

(a) 31, (b) 31 pairs, (c) 33, (d) 33 pairs. 

Pons is a part of : 

(a) Telencephalon, (b) Diencephalon, (c) Myelencephalon (d) Metencephalon. 
Trigeminal nerve contains : 
(a) Only sensory fibres, (b) Only motor fibres, (c) Both sensory and motor fibres, 
(d) Parasympathetic fibres. 
In which of the following lobes of cerebral cortex, the motor area is located ? 
(a) Frontal lobe, (b) Parietal lobe, (c) Occipital lobe, (d) Temporal lobe. 
Rolandic fissure is located in between the : 
(a) Frontal and temporal lobes, (b) Frontal and parietal lobes, (c) Parietal and occipital lobes, 
(d) Temporal and occipital lobes. 
Broca’s area is the centre for : 
(a) Vision, (b) Hearing, (c) Smell, (d) Speech. 
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The largest part of hindbrain in man is: 

(a) Cerebrum, (b) Cerebellum, (c) Pons, (d) Medulla. 

In human brain, the number of thalamus is : 

(a) 1, (b) 2, (c) 3, (d) 4. 

Sensation of taste is carried by : 

(a) Facial nerve, (b) Glossopharyngeal nerve. (c) Both ‘a’ and ‘b’ (d) Neither ‘a’ nor ‘b’. 
The cavity within midbrain is called : 

(a) Lateral ventricle, (b) 3rd ventricle, (c) 4th ventricle. (d) None of these. 

Which of the following nerves contains parasympathetic fibres ? 

(a) Fourth cranial, (b) Sixth cranial, (c) Second lumbar, (d) Third sacral. 

The resting potential of a neuron is about. 

(a) -10 my, (b) 30 mv, (c) -70 mv, (d) —100 mv. 

Which of the following is caused by stimulation of sympathetic system ? 

(a) Increase in motility of GI tract, (b) Pupil constiction, (c) Constriction of bronchioles, 
(d) Tachycardia. 

Which constitutes the reflex arc ? 

(a) Prick on finger —> Sensory nerve — Pons — Motor nerve Finger muscle. 

(b) Prick on finger — Sensory nerve Medulla > Motor nerve — Finger muscle. 
(c) Prick on finger —> Sensory nerve — Spinal cord — Motor nerve — Finger muscle. 
(d) Prick on finger —> Sensory nerve — Cerebellum — Motor nerve — Finger muscle, 
In which of the following reflexes, the reflex arc does not contain synapse in he CNS. 

(a) Withdrawal reflex, (b) Knee-jerk reflex, (c) Light reflex, (d) Axon reflex. 

Who gave the name conditioned reflex ? 

(a) Marshall Hall, (b) Broca, (c) Pavloy, (d) Waller. 

Thalamus is made up of : 

(a) White matter, (b) Grey matter, (c) White ramus, (d) Grey ramus. 

Which of the following connects the cerebellum with midbrain ? 

(a) Corpus callosum, (b) Corpus striatum, (c) Middle cerebellar peduncle, (d) Superior 
cerebellar peduncle. 

Which of the following contains sensory nerve fibres only ? 

(a) Ventral root, (b) Dorsal root, (c) Facial nerve, (d) Trochlear nerve. 

Which type of ganglion is formed by parasympathetic nerves Hf 

(a) Dorsal root ganglion, (b) Paravertebral ganglion, (c) Collateral ganglion, (d) Terminal 
ganglion. 

Which of the following is an example of stretch reflex? 

(a) Knee-jerk reflex, (b) Withdrawal reflex, (e) Pupillary reflex, (d) Blinking reflex. 


Answers to Q. No E, F, G and H 


[1] Four.. [2] Forebrain. [3] Hindbrain. [4] 1.36. [5] Cerebrum.[6] Cerebellum. [7] 12. [8] 
31. [9] Oculomotor. [10] IXth. [11] Auditory. [12] Trochlear, [13] Facial. [14] Abducens. 
15] Parasympathetic. [16] Thoraco lumbar. [17] Raises. [18] VIIth. [19] Mixed. 
[20] Neurotransmitter. [21] Trigeminal. [22] Foramen magnum. [23] Brain. [24] Pons. 
[25] Meninges. 

[1] Sensory. [2] Craniosacral. [3] Dura mater. [4] Cerebrospinal fluid. [5] Parasympathetic. 
[6] Conditioned. [7] Fourth. [8] Occipital. [9] Spinal. [10] First. [11] Midbrain. [12] Sensory. 
[13] Lateral. [14] Outer. [15] Auditory. 

[1] False. [2] True. [3] False. [4] False. [5] False. [6] False. [7] True. [8] False. [9] True. 
[10] False. [11] True. [12] True. 

III (b). [2] (c). LI (d). 41 (a). [5] (b). 16] (d). [7] (©). [8] (@). [9] (b). [40] (d). III (b). 
121 (b). [13] (c). [14] (d). [15] (d). [16] (c). [17] (d). [18] (c). [19] (d). [20] (c). [21] (b). 
[22] (c). [23] (b). [24] (d). [25] (a). 


Endocrine System 


‘Topics Discussed : General idea about endocrine glands ; General idea about animal hormones + Endocrine 
glands of man ; Pituitary gland ‘Thyroid gland: Parathyroid gland ; Adrenal gland: Pancreas ; Testis 
and Ovary ; Placenta; Gastro-intestinal hormones ; Prostaglandins ; Hormones of hypothalamus, pineal 
gland and thymus ; Endocrine functions of kidney, skin and heart ; Growth factors ; A few comparisons. 


7.1. Introduction 


‘The functions of the body are regulated by two major control systems: (i) the 
quick acting nervous system (discussed in chapter 6) and (ii) the slow acting endocrine 
(or hormonal) system. The endocrine system comprises of certain specialized ductless 
(endocrine) glands or tissues which secrete some chemical substances (hormones) 
into the bloodstream through which they are carried to different parts of the body, 
and they produce regulatory effects on specific target tissues. Thus, the hormones act 
like chemical messengers for co-ordination of the body functions. 

Since the nervous and endocrine systems act in different ways (the former acting 
through the neurons and the latter acting through the circulating blood), these two 
systems were earlier thought to be independent of each other. But now it is well 
established that many interrelationships exist between these two systems. The nervous 
system plays an important role in regulating the release of many hormones, and the 
hormones also influence the function of nervous system either directly or indirectly. 
Moreover, different parts of the nervous system secrete some hormones (called 
neurohormones). In fact, proper functioning of the body is maintained by a joint and 
co-ordinated action of the two systems. 


„ Discovery of hormone: A brief history : 


At the beginning of the 20th century, two English Physiologists, Bayliss and 
Starling (1905) first showed the existence of a hormonal regulatory mechanism in 
animals. They showed that when the acid mixed, partially digested food enters from 
stomach to duodenum, a chemical substance is released into the bloodstream from 
the duodenal mucosa. This chemical substance on being carried to pancreas through 
circulation promotes the secretion of pancreatic juice. They called this chemical 
compound secretin (= which causes secretion). Starling (1905) coined the word 
hormone to characterize such chemical substances that are secreted into blood by 
certain tissues and act as a stimulus to an organ distant from the site of their origin. 
Thus secretin is the first discovered hormone. The word ‘hormone’, derived from 
Greek means which excites or sets in motion or arouses to activity. 

Sir E. S. Schafer (1910) pointed out that the word ‘hormone’ is unsuitable for 
all chemical substances of this type, because there are some such blood borne 
regulators which instead of being stimulatory in nature, act as inhibitory or inactivating 
agents. He suggested the word autacoid as a general term which means a self 
produced drug, and called the stimulating agents as hormones and the inhibitory 
agents as chalones. Although, if its meaning is taken literally, the term hormone is 
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not entirely satisfactory, it is still commonly used to indicate both the stimulatory and 
the inhibitory agents carried in blood. This is probably because of the fact that the 
same agent may be stimulatory to one organ but inhibitory to the other. 


7.2. General Idea About The Endocrine Glands 


@ Definition : The glands which have no excretory duct and whose secretions 
enter directly into the bloodstream are called ductless glands or endocrine glands, 

The word ‘endocrine’ means ‘internal secretion’ (Gr. endon = within, krinein = to 
separate or to secrete). Ordinary glands (having an excretory duct) secrete their products 
into the duct through which the secretions are carried to the site of their action ; these 
are called exocrine glands, e.g., salivary gland, liver, sweat gland ere. On the other 
hand, since the endocrine glands are devoid of ducts, they secrete their products 
(hormones) into the bloodstream (venous blood) emerging from them, Thus, the 
hormones are transported throughout the body by the circulating blood, and they exert 
regulatory influence on various tissues. Examples of endocrine glands are pituitary, 
thyroid, adrenal etc. Besides the typical endocrine glands (le, those glands which 
have endocrine function only), certain specialized tissues (or groups of cells) present 
in different parts of the body also secrete some hormones (or regulatory chemical 
substances) into the bloodstrean (or tissue fluid) ; these tissues are also included in the 
endocrine system. 


7.2.1. CHARACTERISTICS OF ENDOCRINE GLANDS 


An organ (or a tissue) must fulfil the following three characteristics before it can be 
admitted to the class of endocrine glands :— 

[1] Anatomical : It must be ductless and highly vascularised (for supply of raw 
materials to it and drainage of hormones from it). 

[2] Chemical: It must be able to synthesise a definite chemical material (hormone) 
which is secreted into the blood leaving the organ. 

[3] Functional : The material secreted must have some definite physiological 
actions; this can be evidenced by the fact that surgical removal of the organ would 
lead to impairment of certain physiological functions. 

7.2.2. CLASSIFICATION OF ENDOCRINE GLANDS (OR ENDOCRINE 
TISSUES) 

Endocrine tissues may be classified into the following groups :— 

[1] Classical (or ordinary) endocrine glands : These are typical ductless glandular 

tissues, They secrete the hormones into the bloodstream which act on some distant 
target tissues. Examples of such glands are anterior pituitary, thyroid, adrenal cortex 
etc. 
[2] Mixed (or exo-endocrine) glands : This group includes those glands which 
are structurally and functionally both exocrine and endocrine in nature. Pancreas, 
stomach, small intestine etc., arè good examples of mixed exo-endocrine glands because 
each of these secrete a digestive juice (exocrine) as well as some hormones. 

[3] Neuroendocrine glands ‘These are specialized neural tissues having endocrine 
functions ie., they secrete their products (neurohormones or neurosecretions) into the 
bloodstream which act at a distant site. Such neural cells are called neurosecretory 
cells. Examples of this group are adrenal medulla, posterior pituitary, hypothalamus, 
pineal etc. 
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[4] Specialized endocrine tissues : This group includes certain organs which are 
basically not endocrine glands (i. e., they have some other important functions in the 
body) but they produce or help in the production of some hormones or hormone like 
chemical messengers. Examples of such organs are thymus, kidney, skin, heart etc. 
These organs are not endocrine glands as a whole, rather they contain some specialized 
endocrine tissues. 


7.3. General Idea About Animal Hormones 


© Definition: Hormones are organic compounds produced in the body by 
specialized tissues (endocrine tissues) and secreted into the bloodstream or tissue fluid, 
having some specific regulatory effects on the activity of certain organs, usually remote 
from the site of their origin. 


7.3.1. CHARACTERISTICS OF ANIMAL HORMONES 


[1] These are synthesized in specialized tissues or organs (endocrine glands) and 
are usually stored in them. 

[2] These are secreted according to the need of the body from the sites of their 
synthesis or storage into blood and transported throughout the whole body by the 
circulating blood. 

[3] Although circulated through the whole body, each hormone can affect some 
definite target tissues only. This is probably due to the presence of specific chemical 
receptors (protein molecules) in the cell membrane or cytoplasm or nucleus of the 
target tissue to which the hormone is bound for exerting its action. 

[4] Hormones are generally low molecular weight compounds so that they can 
easily diffuse from blood to target tissues. 

[5] They are effective in very low concentrations as present in the blood. 

[6] These are degraded or inactivated and finally excreted through urine so that 
they can not function for undesirably longer periods. 

[7] More than one hormone may be secreted by the same gland ; generally different 
types of cells present in a gland secrete separate hormones. Conversely, the same 
hormone may be secreted from more than one gland. 

[8] Hormones may be either stimulatory or inhibitory in nature. A physiological 
process may be stimulated by one hormone and inhibited by another. Moreover, the 
same hormone may produce stimulation in some case and inhibition in others. 

[9] The actions of different hormones are closely interrelated. For example, the 
action of one hormone may be influenced by (or dependent on) another hormone. 
Hormones having structural similarity may produce the same effect. One hormone 

may produce many actions and several hormones may produce the same action. In 
fact, most physiological processes are regulated by the joint action of several hormones. 

[10] Normally, hormones are secreted in minute quantities and their levels in blood 
are well regulated. If this regulatory mechanism fails, the blood level of a hormone 
may rise or fall beyond the normal limit as a result of which certain signs and symptoms 
of abnormality are developed. 


7.3.2. CLASSIFICATION OF ANIMAL HORMONES 


Animal hormones are classified in three ways [1] according to their origin and site 
of action, [2] according to their chemical nature and [3] according to their solubility 
and receptor. 
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[1] According to origin and site of action : 

Hormones may be of six major types based on the sites of their origin and action. 
These are— 

[A] Ordinary hormones : Hormones secreted from the typical endocrine (ductless) 
glands belong to this group. These hormones exert their actions at sites remote from 
their origin. Examples—thyroxine of thyroid gland, adrenal corticoids, androgens of 
testis, estrogen and progesterone of ovary, etc. 

[B] Trophic hormones : Hormones of anterior pituitary are called trophic hormones 
or trophins because their chief function is to govern and regulate the activities of other 
endocrine glands. 

[C] Local hormones : The hormone which acts at a site very close to its place of 
origin is called local hormone ; for example—gastrin, secretin etc., that are secreted by 
the mucous membrane of gastrointestinal tract and regulate the secretion of digestive 
glands. 

[D] Neurohormones : In some invertebrates and all vertebrates upto man, there are 
some specialized nerve cells which act like endocrine organs. Chemical substances 
produced in these cells are carried by blood to various tissues to regulate their functions. 
These nerve cells are called neurosecretory cells and their secretory products are called 
neurosecretions or neurohormones. Examples—ecdysone, diapause, juvenile hormone 
etc., found in insects ; oxytocin and vasopressin of posterior pituitary, hypothalamic 
releasing factors, melatonif of pineal body etc., found in mammals. 

In this context, it can be mentioned that ordinary nerve cells also liberate certain 
chemicals that act locally on the target cells and are not carried by blood to distant 
organs. These chemicals are called neurotransmitters, e.g., acetylcholine, noradrenaline 
etc. 

[E] Parahormones :In higher animals, there are some bloodborne regulator 
substances which do not originate from specific cells. These chemical substances cannot 
be called true hormones and as such are termed parahormones (i.e., hormone like 
substances); example-erythropoietin, angiotensin eic. Erythropoietin and angiotensin 
are produced in blood from the plasma proteins by the action of enzymes secreted by 
the kidney. 

[F] Pheromones :These are chemical agents released by one animal into the 
environment, which produce behavioral, developmental or reproductive effets in other 
animals of the same species. The pheromones are not true hormones since they are 
generally produced by exocrine glands instead of endocrine glands. However, the 
capacity of an exocrine gland to produce pheromone is often dependent on hormonal 
stimulation. Pheromones are also called exohormones as these are secreted outside 
the body. Pheromones differ from hormones in their actions in two respects : 

(i) Pheromones are transmitted via the external environment to elicit adjustments in 
the bodies of other individuals, whereas hormones confine their activites to the individual 
in which they are produced. 

(ii) Pheromones are species-specific in action, i.e., they are functionally effective in 
the animals of the same species only, whereas hormones are effctive when administered 
to the individuals of other species also. 

Inspite of the above differences, pheromones are included in endocrinology because 
of the following reasons : (i) the exocrine glands that produce pheromones are hormone 
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dependent, (ii) hormone metabolites excreted by animals may act as pheromones, 
(iii) most of the physiologic adjustments elicited by pheromones are mediated through 
the activities of endocrine glands. 

Pheromones have been identified in invertebrate (mainly insects) as well as vertebrate 
animals but not in man. Example—(i) sex attractants of insects, e.g., bombykol liberated 
by female moth, which attracts male moth ; (ii) reproductive life of honey-bee colony 
is regulated by a pheromone originating from the queen’s mandibular gland ; (iii) tigers 
and lions are attracted for sexual reproduction by the pheromone liberated from their 
female counterparts ; (iv) sex-hormone metabolites excreted in the urine of male mice 
act as pheromones for the female mice and alter their reproductive behaviour. 

The pheromones produce their effects in an animal on being percieved by olfaction 
or absorbed through body surface. These chemical agents play important role in 
maintenance of ecosystem and conservation of species, and hence are also called social 
hormones. 

[2] According to chemical nature : 

It is difficult to isolate the hormone secreted by a gland from the blood leaving the 
gland. Most of the hormones have been isolated by separaion and purification of gland- 
extracts, Only the active principles of an endocrine gland, i.e., the compounds which 
are found in the gland and have definite physiologic actions are considered as hormones. 
Chemically, hormones are divisible into three major types :— 

[A] Protein or Peptide hormones—The hormones which are made up of many 
amino acids linked up by peptide bonds belong to this group. Examples—STH, ACTH 
and prolactin of anterior pituitary, insulin and glucagon of pancreas, parathormone 
etc., are simple proteins. TSH, FSH and LH of anterior pituitary are glycoproteins. 
ADH and oxytocin of posterior pituitary are smaller peptides. 

[B] Amino acid or Amine hormones—Some hormones are chemically amino acids 
e.g., thyroxine and triiodothyronine of thyroid gland. Amines are decarboxylated 
derivatives of single amino acids ; example of amine hormones are adrenalin, serotonin, 
melatonin etc, 

[C] Steroid hormones—Hormones derived from cholesterol e.g., andorgens, 
estrogens, progesterone and adrenal corticoids belong to this group. 

[3] According to solubility and receptor : 

Hormones may be grouped into two classes depending on their solubility and location 
of the receptors though which they act. 

[A] Water soluble hormones acting through membrane receptors—Some 
hormones are water soluble and they cannot diffuse through the cell membrane of the 
target cells. They act on the cell membrane bound receptors to produce their effects. 
Examples are—amines (such as adrenalin, noradrenalin etc.) and peptides (e. g., 
glucagon, insulin, parathormone etc. ). 

[B] Lipid soluble hormones acting through intracellular receptors—Hormones 
which are lipid soluble can easily penetrate through the lipid matrix of the cell membrane 
of the target cells and enter into the cell. They produce their effects by acting through 


some intracllular (cytoplasmic or nuclear) receptors. Steroid hormones and thyroid 
hormones are of this type. 
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Classification of Animal Hormones 


According to origin and 
site of action 
[A] Ordinary hormones 


According to chemical 
nature 
[A] Proteins or Peptides 


According to solubility 
and receptor 
[A] Water soluble and 


(i) Thyroid hormones (T4, 
T3, TCT) 

(ii) Adrenal corticoids 
(Glucocorticoid, 
Mineralocorticoid, Sex 
corticoid) 

(iii) Pancreatic hormones 
(Insulin, Glucagon) 

(iv) Male and female gonadal 
hormones (Androgen, 
Estrogen, Progesterone, 
Relaxin) 

(v) Placental hormones 
(HCG and others) 

[B] Trophic hormones 
(GH, ACTH, TSH, FSH, 
LH, PRL, MSH of 
anterior pituitary) 

[C] Local hormones 
(G-I hormones, 
Somatostatin) 

[D] Neurohormones 

(i) Hypothalamic releasing 
and inhibiting hormones 
(GHRH, CRH, TRH, 
GnRH, PRH, GHIH, 
PIH, MIH) 

(ii) Posterior pituitary 
hormones (ADH and 
Oxytocin) 

(iii) Pineal hormone 
(Melatonin) 

(iv) Adreanal medullary 
hormones (Adrenalin 
and Noradrenalin) 


[E] Para hormones 
(Angiotensin, 
Erythropoietin) 


[F] Pheromones 
(Bombykol, Ecdysone. 
etc 


[es 


(i) 


Glycoproteins 

(TSH, FSH and LH of 

Anterior pituitary) 

Simple proteins or 

peptides 
GH, ACTH, PRL, MSH 
of Anterior pituitary. 
ADH and Oxytocin of 
Posterior pituitary. 
TCT of Thyroid. 
Insulin, Glucagon and 
Somatostatin of 
Pancrease. 
PTH of Parathyroid. 
G-I Hormones like 
Gastrin, Secretin, 
CCK-PZ, GIP, VIP 
Motilin erc. 
Hypothalamic releasing 
and inhibiting 
hormones. 
HCG and Relaxin of 
Placenta. 
Relaxin of Ovary. 
Thymosin and thymin of 
Thymus gland. 
Angiotensin, 
Erythropoietin, ANF, 
Somatomedins and 
Bradykinin. 


— [B] Amino acids and Amines 


Amino acid 

(T4 and Tʒ of Thyroid) 
Amines 

Adrenalin and 
Noradrenalin of 
Adrenal medulla. 
Melatonin of Pineal. 


Glucocorticoid, 
Mineralocorticoid and 
Sex corticoids of 
Adrenal cortex. 
Androgens of Testis. 
Estrogen and 
progesterone of Ovary 
and Placenta. 


acting through 
membrane receptors 
(Peptide, Protein and 
Amine hormones) 


[B] Lipid soluble and 


acting through 
intracellular receptors 
(Amino acid ie., Ty 
and T3 and Steroid 
hormones) 
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7.3.3, HORMONES AND OTHER CHEMICAL MESSENGERS IN 
INTERCELLULAR COMMUNICATION 

Intercellular communication (ie, co-ordination between cells) is mediated via 
chemical messengers (or chemical signals). Cells are influenced by chemical messengers 
secreted into the extracellular fluid (ECF), These chemical messengers bind to their 
specific receptors present on the surface of the cell or in the cytoplasm or nucleus and 
trigger a sequence of intracellular changes that produces their physiological effects, 
The chemical messengers may be of the following four types :— 

(1] Endocrine messengers (or hormones)—These are chemicals secreted from 
ductless organs (endocrine tissues) that reach their target cells via the circulating blood 
(which is an ECF). All hormones belong to this group. 


Fig. 7.1 : Chemical messengers, 


blood. Somatostatin produced from D cells (or 8 cells) of pancreatic islets is a good 
ce of paracrine messenger because it acts locally on other islet cells (a and B 


[$] Autocrine messengers—These chemical messengers bind to receptors on the 
same cell from which they are secreted. Example—platelet activation factor (PAF) 


FUNCTIONS OF ANIMAL HORMONES 


Hormones can alter the rate of a physiological process but cannot initiate it, Thus, 
effects in the body are merely quantitative rather than qualitative. Hormones are 
to the following four types of functions in the body 

{1} Growth and Development : Proper growth of various organs and thus the 
body as a whole is regulated by the intricate action of different hormones. Almost cach 
hormone is involved either directly or indirectly with the growth of some Or other 
organ of the body. 

[2] Reproduction : Several hormones take part in reproduction by regulating the 

development of sex organs and secondary sex characters, gametogenesis, sex behaviors 
etc, 
[3] Maintenance of internal environment : Hormones regulate the function of 
different organs and tissues so as to adjust the life processes according to the body's 
need, They also help to co-ordinate the functions of different systems for maintaining 
the stability of the internal environment of the body, 

(el Metabolism All hormones have some metabolic functions that are mediated 
through their actions on enzymes. Each hormone modulates the action of chu enen 
present in the target tissues eithet by activating ot inactivating them, or by regulating 
their synthesis, 

7.3.8, MECHANISM OF HORMONE ACTION 

The molecular mechanism by which the hormones produce their effects at their 
target cells is very complicated. For every hormone there are some specific receptor 
sites on the cells of its target tissue, The hormones are first bound to their receptori for 


hormone of protein, peptide or amine group reaches the target cell, it becomes attached 


cyclase present there, This enzyme forms cyclic adenosine monophosphate (CAMP) 
by hydrolysing ATP within the cell. The intracellular CAMP then modulates the activities 
of various enzymes responsible for the actions of the hormone, For this reason, 
á Sutherland called the hormone as the first chemical messenger and the CAMP as he 
second chemical messenger which mediates the action of the hormone, The advantage 
ve os two-messenger system is that a very small amount of hormone can lead to 
formation of a comparatively large amount of CAMP, which inturn evokes a 
Correspondingly large response. Recently it has been shown that besides CAMP, some 
other chemical substances like cyclic guanosine monophosphate (CGMP), inositol 
triphosphate (WP), diacylglycerol (DAG) erc., may also act as the intracellular second 
messengers in mediating hormone action. 
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[3] Gene mediated actions—Some hormones, mainly steroids, enter into the target 
cells to act on their nuclei. These hormones can themselves penetrate the cell membrane 
as they are diffusible through the lipid matrix of the cell membrane. On entering the 
cytoplasm, the hormone binds with a specific receptor protein and is carried to the 
nucleus where it directly activates the appropriate genes to induce synthesis of specific 
proteins (enzymes) that are responsible for the actions of the hormone. 


A. 


Receptor 


CAMP 
(Second messenger) 


Activation 
Binds with intracellular of enzymes 
receptor proteins 


actions 


enzyme proteins 


Hormone actions 


Fig. 7.2 : Mode of hormone action. [A~Action through membrane receptors, 
B-Action through intracellular receptors and gene modulation.] 


In some cases, the intracellular CAMP may influence the permeability or gene action 
of the cell. Thus, it is apparent that a hormone may employ either of the three or more 
than one modes of actions to exert its effects. 


7.4. Endocrine Glands Of Man And Their Positions In The Body 


The chief endocrine glands of man are pituitary, thyroid, parathyroid, adrenal, 
testis (in male) and ovary (in female). In addition to these, pancreas, G-1 tract 
(stomach and small intestine), hypothalamus, pineal, placenta and thymus have 
also been included in the endocrine system. With the progress of research in the field 
of endocrinology, the list of hormones is increasing day by day. Naturally, the organs 
(or tissues) producing these new hormones are also being included in the endocrine 
system. Nowadays the kidney, the skin and even the heart are known to have some 
endocrine functions, Figure 7.3 shows the position of major endocrine glands in human 
body. A list of the endocrine organs of human body and the hormones secreted by them 
is given in Table—7.1. The location, structure, active principles (hormones) and 
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functions of different endocrine glands and the diseases related to their malfunctioning 
are described briefly in the following sections. 


Fig. 73: Endocrine glands of man and their location in the body. 
Table—7.1 : Endocrine glands and their hormones. 


Pituitary gland 


Anterior pituitary Growth hormone (GH), Adrenocorticotrophic hormone 
(ACTH), Thyroid stimulating hormone (TSH), Follicle 
stimulating hormone (FSH), Luteinising hormone (LH), 
Prolactin (PRL) and Melanocyte stimulating hormone 


(MSH). 
Posterior pituitary Antidiuretic hormone (ADH) or Vasopressin and Oxytocin. 
[thyroid Thyroxine (T4), Triiodo thyronine (T3) and Thyrocalcitonin (T CT) 
Parathyroid Parathormone (PTH). 


Mineralocorticoids (Aldosterone, Deoxycorticosterone), 
Glucocorticoids (Cortisol, Cortisone, Corticosterone), Sex 
corticoids (Androgens, Estrogens, Progesterone). 


Adrenal medulla | Adrenalin and Noradrenalin. 


Pancreatic islets of Glucagon, Insulin and Somatostatin. 
Langerhans 


Adrenal cortex 
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Testis (in male) Androgens (Testosterone) and Inhibin. 
| Ovary (in mad) Estrogens, Progesterone, Relaxin and Inhibin. 


Gastrin. 


Secretin, Cholecystokinin-pancreozymin (CCK-PZ), Gastric 
inhibitory peptide (GIP), Vasoactive intestinal peptide (VIP), 
Motilin, Enterocrinin, Villikinin, Somatostatin, Neurotensin, 
Glucagon ete. 


Stomach 


Small intestine 
Releasing hormones e.g., Growth hormone releasing hormone 
(GRH), Corticotrophin releasing hormone (CRH), Thyrotrophin 
releasing hormone (TRH), Gonadotrophin releasing hormone 
(GnRH) and Prolactin releasing hormone (PRH) ; Inhibiting 
hormones e.g., Growth hormone inhibiting hormone (GIH), 
Prolactin inhibiting hormone (PIH) and MSH inhibiting hormong 


IE (MIH). 
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Placenta Human chorionic gonadotrophin (HCG), Estrogen, Progesterone; 
(Temporary endocrine gland) | Relaxin and some Trophic hormones. 
‘Thymus gland Thymosin and Thymopoietin (or Thymin). 


Other specialised tissues 
with endocrine function 


Kidney 


Angiotessin II, Erythropoietin and 1, 25 Dihydroxy cholecalcifero! 
(or Calcitriol). 


Cholecalciferol (or vitamin D3), Bradykinin. 


Atrial natriuretic factor or Atrial natriuretic peptide (ANF or 
ANP). 


Prostaglandins, Growth factors. 


Skin 
Heart 


Liver and Other tissue 


7.5. Pituitary Gland 


The name pituitary was introduced by the famous ancient scientist Galen, who 
believed this gland to be responsible for secretion of mucus in the nasal cavity (in 
Latin, pituita = mucus). Pituitary gland is also called hypophysis (in Greek, it means 
an outgrowth) because it looks like an outgrowth of brain, The human pituitary is a tiny 
gland like a pea seed. In adult males, it weighs roughly about 0.5 g and in adult females, 
it is slightly heavier (especially during pregnancy and after delivery). 
© Position or Location: The pituitary gland is situated below the third ventricle of 
brain, within the cup shaped cavity (called sella turcica) of sphenoid bone, present at 
the base of skull. It remains connected to the hypothalamus by a minute stalk called 
pituitary stalk. 


© Anatomy and Parts: The pituitary gland is divisible into an anterior part and a 
posterior part. The anterior pituitary is glandular and is also called adenohypophysis, 
whereas the posterior pituitary is made up of neural tissue and is also called 
neurohypophysis. 
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In the embryo, the anterior pituitary develops from an upward outgrowth of the roof of buccal 
cavity called Rathke's pouch. The posterior pituitary originates from a downgrowth of the floor of 
third ventricle. Both the outgrowths are ectodermal in origin. Thus, it is apparent that although the 
anterior and posterior parts of the pituitary develop from two different places, the entire gland is 
ectodermal in origin. 

Both the anterior and posterior parts of pituitary are further subdivided into three 
parts. The anterior pituitary is made up of the following three parts :— 


[1] Pars distalis—tt is the largest and chief secretory part. 
[2] Pars tuberalis—It is a tubular part that surrounds the pituitary stalk. 


[3] Pars intermedia—It is a narrow band of tissue behind the pars distalis separated 
by a small cleft and it remains in close association with the posterior pituitary. 


Fig. 7.4 ; Location and structure of pituitary gland. 


The three subdivisions of posterior pituitary are as follows :— 

[1] Pars nervosa This is the main part of posterior pituitary. 

[2] Infundibular stem or Neural stall At is the neural part of pituitary stalk that 
connects posterior pituitary with hypothalamus. It remains surrounded by the pars 
tuberalis portion of anterior pituitary. The neural stalk of posterior pituitary and the 
pars tuberalis of anterior pituitary jointly form the pituitary stalk. 

[3] Median eminence—This is the wide upper end of neural stalk situated below 
the third ventricle in close association with hypothalamus. 

Anatomically, the pars distalis is called anterior lobe while the pars intermedia of 
anterior pituitary and pars nervosa of posterior pituitary are together called posterior 
lobe. Parts of the pituitary gland are shown in the following table and in Fig 7.5. 
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Primary division Sub division 


Pars distalis (Anterior lobe) 
Anterior pituitary or Adenohypophysis Pars tuberalis 
ty) 


(originated from the roof of buccal cavi Pars intermedia | 


(Posterior 
lobe) 


Pars nervosa 
Posterior pituitary or dernde stalk 
(originated from the floor of third Median eminence 


ventricle of brain) 


7.5.1, ANTERIOR PITUITARY OR ADENOHYPOPHYSIS 


@ Histology : The largest part of anterior pituitary is pars distalis. It consists of glandular 
cells that remain scattered in the form of irregular masses or cords. In between these 
masses or cords of cells, there are sinuses (swollen blood vessels), The cells are of two 
types :— 

[1] Chromophobe cells—These are agranular and do not secrete any hormone. 
The function of these cells is not known 
and it is believed that the chromophobe 
cells are mother cells from which other 
cells originate. 

[2] Chromophil cells—These are 
granular cells. Due to presence of 
granules in their cytoplasm, these cells 
are stained by dyes. The chromophil 
cells are of two major varieties— 
(i) acidophil or alpha (œ) cells, that are 
stained by acidic dyes ; and (ii) basophil 
or beta (P) cells, which have affinity 

n F; 7 for basic dyes. Depending on which 

8 pe, ete a heir hormone they secrete, the acidophil and 

basophil cells are further subdivided 

into different types. Acidophil cells are of two types—somatotroph and lactotroph. 
Basophils are of three types—corticotroph, thyrotroph and gonadotroph. 

Pars tuberalis is also made up of cords of cells separated by blood sinuses, but these 
cells are agranular and it is not known whether they secrete any hormone. The pars 
intermedia of anterior pituitary is not so well developed. In man. it remains conspicuous 
in childhood only. It contains only a small number of cells and becomes rudimentary in 
adults, 
© Hormones of anterior pituitary : The pars distalis of anterior pituitary secretes 
six hormones that are called trophic hormones or trophins because they regulate 
other endocrine glands (Gr. trophin = to nourish). For this reason, the pituitary gland 
has been designated as the bandmaster of the endocrine orchestra or master gland. 

Recently, the concept of master gland has changed because it has been revealed that 
the pituitary gland alone cannot regulate the activities of other glands independently, 
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and for this, it is dependent on hypothalamus. Actually, the hypothalamus controls 
most of the endocrine glands by regulating the pituitary or by some other mechanism. 
Therefore, nowadays the hypothalamus is considered as the real master gland. 
The names of six trophic hormones are as follows :— 
[1] Somatotrophic hormone or Somatotrophin or Growth hormone ; in short STH 
or GH, 
2] Adrenocorticotrophic hormone (ACTH) or Corticotrophin. 
[3] Thyroid stimulating hormone (TSH) or Thyrotrophin. 
[4] Follicle stimulating hormone (FSH). 
[5] Luteinizing hormone (LH) or Interstitial cell stimulating hormone (ICSH), 
[6] Prolactin (PRL) or Lactogenic hormone or Galactin or Mammotrophin or 
Luteotrophic hormone (LTH). 


Fig. 7.6 : Action of pituitary as master gland. 


Among these, FSH and LH are called gonadotrophins or gonadotrophic hormones 
(GTH). Recently, the PRL is also included in GTH. All the above six hormones are 
protein or peptide in nature among which TSH, FSH and LH are glycoproteins (i.¢., 
they contain a carbohydrate moiety in addition to amino acids). Each of the trophic 
hormones is secreted from a particular cell type. STH and PRL are secreted from 
acidophils called somatotrophs and lactotrophs respectively. ACTH, TSH and GTH 
are secreted from basophil cells that are called corticotrophs, thyrotrops and 
gonadotrophs. FSH and LH are secreted from separate gonadotrophs that are named as 
FSH-gonadotrophs (or folliculotrophs) and LH-gonadotrophs (or /uteotrophs). These 
are situated at the peripheral and central parts of the pars distalis respectively and are 
also called peripheral gonadotrophs and central gonadotrophs. Thus, it appears that 
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the trophic hormones which are simple proteins (except ACTH) are secreted from the 
acidophils, whereas the glycoprotein hormones originate from basophil cells. 

Pars tuberalis of anterior pituitary does not secrete any hormone but the pars 
intermedia secretes a peptide hormone called melanocyte stimulating hormone (MSH). 


© Functions of Somatotrophic hormone (STH) : 


[1] Growth :The chief function of STH is to help in the growth of the body ; this is 
why it is also called growth hormone (GH). It promotes the overall growth of the 
body in the following ways :— 

[A] Growth of bones: STH stimulates mitotic division in the cells of epiphysial 
cartilage so as to increase their number and at the same time increases their size. It 
activates the bone forming cells called osteoblasts which help in bone growth by 
deposition of calcium salts in the bones. 


STH can stimulate the growth of long bones of arms and legs in length upto puberty 
only. After attainment of adulthood, increase in height is stopped when the long bones 
cease to grow in length due to secretion of gonadal hormones which cause fusion and 
closure the epiphysial growth centre of these bones. In adults, the long bones with 
closed epiphysis increase in width only, due to their thickening caused by STH. However, 
the flat bones e.g., ribs, skull, mandible etc., continue to grow even after puberty. 


[B] Growth of muscles : STH stimulates growth of muscles along with skeletal 
growth so that the muscles and bones grow proportionately. It increases mitotic division 
and protein synthesis in muscular tissue. As a result of this, the number and size of the 
muscle cells become larger and the muscles of the body become well developed. 


[C] Growth of other organs : In addition to the bones and muscles, STH promotes 
growth of almost all visceral organs including other endocrine glands and also the the 
connective tissues so as to accomplish an overall growth of the body. 


[2] Metabolism : STH produces the following metabolic effects— 


[A] Protein metabolism : It promotes entry of amino acids and protein synthesis in 
various tissues. It also reduces catabolism of protein in the tissues and excretion of 
urea in urine. This protein anabolic (or nitrogen retaining) action of STH is very 
important for its growth promoting effects. 


[B] Fat metabolism : STH increases the catabolism of fat by lipolysis and thereby 
reduces body fat*. 


[C] Carbohydrate metabolism : This hormone promotes glycogen storage in liver 
and muscles (especially the heart). Excess of growth hormone reduces oxidation of 
glucose in the tissues leading to a rise in blood glucose level. 

[D] Mineral metabolism: STH helps in conservation of Nat, CI, Mg++, Ca++ 
etc., in the body because these are required for growth. 

[3] Milk secretion : Like prolactin, STH can also stimulate the development of 


mammary gland and milk secretion in females. This is probably because of the structural 
similarity between STH and prolactin molecules. 


* STH increases the musculature (by its protein anabolic action) and reduces the fat content of the 
body resulting in a real growth of the body rather than obesity. 
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© Hypo- and hyper-secretion of STH : 


Hyposecretion—If secretion of STH is inadequate due to hypofunction of anterior 
pituitary from childhood, growth is impaired. Such patients so not increase in height 
with the increase of their age and they remain very short in height even after attainment 
of adulthood. This is called dwarfism. Hyposecretion of STH in case of adults (who 
have already attained normal height) results in a condition called acromicria 
characterized by abnormally small facial features, hands and feet ; this condition is 
however vey rare. 


Fig. 7.7 : Effect of STH in young: 
A-Gigantism due to hypersecretion, 
B-Normal secretion, C-Dwarfism 
due to hyposecretion. 


Fig. 7.8 : Acromegaly due to 
hypersecretion of STH in adults. 


Hypersecretion—Secretion of excessive STH in the young leads to a condition 
called gigantism in which the person bcomes unusually tall due to overgrowth of skeleton 
(particularly the long bones) and musculature. 


In case of adults, hypersecretion of STH produces acromegaly characterised by 
overgrowth of extremities (Gr. akron = extremity ; megale = great). In this condition, 
unlike gigantism, the person does not become very tall because the long bones do not 
increase in length after attaining adulthood ; but the flat bones of face, hand, feet etc. 
continue to grow excessively and become disfigured. The visceral organs also enlarge 
and the skin becomes thickened. Due to the above changes, the person assumes a gorilla 
like appearance. 


Houssay animal : Houssay showed that the hyperglycemia (increased blood sugar 
level) caused by pancreatectomy (removal of pancreas) can be corrected by 
hypophysectomy (removal of pituitary). Such a pancreatectomised and 
hypophysectomised animal (in which both pancreas and pituitary are removed) is 
called Houssay animal. It served as an excellnt model for studying the relationship 
between the functions of pituitary hormones and insulin. i 
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© Functions of Adrenocorticotrophic hormone (ACTH) : 


The actions of ACTH in the body can be described under two headings] adrenal 
actions and [2] extra adrenal actions. 

[1] Adrenal actions : As appears from the name, the chief function of ACTH is to 
govern the adrenal cortex. ACTH promotes the growth of adrenal cortex and secretion 
of glucocorticoid hormones from it. The glucocorticoids inturn produce various 
metabolic effects that will be discussed later. Thus, it is apparent that ACTH may exert 
metabolic effects indirectly through adrenal glucocorticoids. 

An increase or decrease of blooddevel of glucocorticoids suppresses and stimulates the secretion 
of ACTH from pituitary respectively. In this way, the activity of adrenal cortex is well regulated by 
ACTH. 

[2] Extra adrenal actions : ACTH can also produce some effects by acting directly 
on certain tissues (de., not via secretion of adrenal corticoids) as follows 

[A] On liver—ACTH inhibits the catabolism and degradation of corticoid hormones 
in liver so as to prolong their activities in the body. 

[B] On adipose tissue It stimulates lipolysis in adipose tissue and mobilises fat 
from it ; this is called adipokinetie action of ACTH. 

[C] On skin—Like the MSH of intermediate lobe of pituitary, ACTH also stimulates 
melanin synthesis in skin. This is due to the structural similarity between ACTH and 
MSH molecules. 


Hypo- and hyper-secretion of ACTH: 

Hyposecretion—Deficiency of ACTH due to its hyposecretion leads to Addison’s 
disease which is secondary to hypoactivity of adrenal cortex. 

Hypersecretion— Excessive ACTH secretion leads to Cushings disease caused 
by an overactivity of adrenal cortex. 


è Functions of Thyroid stimulating hormone (TSH): 


The main function of TSH is to maintain the structure and function of thyroid gland. 
Under the influence of this hormone, the thyroid gland increases in size and becomes 
well organized, In addition, TSH stimulates synthesis and release of thyroid hormones. 
Thyroid hormones intrun exert a profound influence on metabolism of various tissues. 
Thus we see that like ACTH, TSH also produces metabolic effects indirectly through 
its target gland (thyroid). 

The seceretion of TSH from pituitary is stimulated or suppressed by low or high levels of thyroid 
hormone in blood respectively. In this way, the activity of thyroid gland is regulated by the pituitary 
TSH. 
© Hypo- and hyper-secretion of TSH : 

Hyposecretion of TSH leads to suppression of thyroid gland activity ; this condition 
is known as hypothyroidism. 

Hypersecretion of TSH results in an enlargement of thyroid gland that appears as 
a prominent swelling at the neck ; this is known as goitre. 


© Functions of Gonadotrophic hormones (GTI): 


The chief gonadotrophic hormones of anterior pituitary are follicle stimulating 
hormone (FSH) and luteinising hormone (LH). These hormones are called 
gonadotrophic because their prime function is to control the development and activities 


. . 
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of the gonads or primary sex organs (i.e., testis in males and ovary in females). Recently, 
a third pituitary hormone prolactin (PRL) has also been admitted to the class of 
gonadotrophic hormones because of its gonadal effects. However, the functions of 
PRL will be discussed separately as it has some other (extra gonadal) actions too, In 
addition to these, the placenta also secretes a GTH which will be discussed under the 
heading ‘placental hormones’. A brief description of the role played by FSH and LH in 


male and female is given below :— 


In male: 

Function of FSH—It stimulates the growth of seminiferous tubules of testis and 
spermatogenesis in them. Thus, FSH is the regulator of gametogenic function of testis. 

Function of LH—It stimulates growth and development of interstitial cells of Leydig 
(or Leydig cells) in testis and secretion of male sex hormones or androgens from them. 
For this reason, LH is also called interstitial cell stimulating hormone (ICSH). 

Although LH is considered as the regulator of the endocrine function of testis, it 
may also have an indirect role in the regulation of spermatogenesis because androgens 
are very important for the process. 

In female: 

Both FSH and LH are required for proper growth and development of ovary. Each 
of these hormones has a gametogenic as well as an endocrine function in the females. 

Function of FSH—{1] FSH helps in maturation of graafian follicle and oogenesis 
in it. [2] It stimulates secretion of estrogen from graafian follicle. 

Function of LH—[1] It jointly acts with FSH to cause ovulation by ruptuing the 
mature graafian follicle. [2] It helps in luteinization ie, transformation of the ruptured 
follicle into corpus luteum and stimulates secretion of progesterone from it. 

In this context, it should be mentioned that the gonadal hormones (e.g., androgen in males and 
estrogen and progesterone in females) secreted under the influence of GTH, stimulate growth and 
development of secondary sex characters* and accessory sex organs.** Thus, FSH ans LH jointly 
regulate the development and function of the reproductive system, These hormones are not secreted in 
childhood and their secretion begins from puberty (ie, when a child attains adulthood), Precisely 
speaking, puberty is achieved by the onset of GTH secretion as a result of which the secondary sex 
characters develop and the subject becomes capable of reproduction. 


© Functions of Prolactin (PRL) : 

It has the following functions in the body. 

[1] Action on mammary gland it helps to complete the development of mammary 
gland during pregnancy and initiates milk formation. After child birth, it helps to maintain 
milk secretion. 

[2] Action on ovary At helps in the action of LH on ovary. PRL acts synergistically 
with LH in ovulation, luteinisation and progesterone secretion. This is why PRL is also 
called luteotrophie hormone (LTH). 


“The external changes that appear in the body of a boy or girl as signs of sexual maturity and are 
responsible for masculine or feminine appearance are called secondary sex characters ; for example, 
in males—moustache and beards, hairs on axillary, pubic and other regions of body, muscular and 
tought body, breaking (hoarsness) of voice etc.; and in females—mammary glands, broadening of hip 
and thigh due to deposition of fat, axillary and pubic hairs ete. 

** Organs of reproductive system other than gonads are called accessory sex organs ; they include 
various parts of the reproductive tract and structures associated with it. 
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[3] Action on male reproduction—Previously it was believed that PRL is secreted 
by the pituitary of females only, during pregnancy and lactating period ; but recently it 
has been detected in the blood of males also and there are reports indicating that male 
reproduction is impaired in lack of PRL. Therefore, it is assumed that PRL plays an 
important role in male reproduction also, although its exact mechanism is not yet known. 
As the PRL takes part in regulation of gonads, it is also considered as a GTH: 
© Functions of Melanocyte stimulating hormone (MSH): 

This hormone is secreted from pars intermedia and is also known as intermedin. It 

stimulates the melanocyte cells of skin to synthesise melanin (pigment of skin) in them. 
The physiological significance of such function of MSH is obscure. 


7.5.2. POSTERIOR PITUITARY OR NEUROHYPOPHYSIS 


„ Histology : Although the posterior pituitary is a neural tissue adjacent to 
hypothalamus, its histological structure is different from that of the latter. The three 
parts of the posterior pituitary namely pars nervosa, infundibular stem and median 
eminence are more or less similar histologically. It consists of the following 
components—(i) numerous unmyelinated nerve fibres, (ii) fusiform or polygonal 
neuroglial cells called pituicytes having branched processes, (iii) blood vessels, 
(iv) mast cells and (v) Herring bodies (which are accumulation of stored neurosecretory 
materials). Pituicytes are the chief cells that make the bulk of the gland but they do not 
secrete the hormones of posterior pituitary. 

© Hormones of posteior pituitary : The posterior pituitary gland secretes two 
hormones—[1] antidiuretic hormone (ADH) or vasopressin and [2] oxytocin. Both 
these are small peptides having múch similarity in their chemical structures. It is 
important to mention that although these hormones are released from posterior pituitary, 
these are not synthesised here. These hormones are synthesised in specific hypothalamic 
nuclei and then carried through the nerve fibres to. the posterior pituitary where they 
are stored. From here the hormones are released into blood according to the need of the 
body. Since the posterior pituitary hormones are produced by the nerve cells, these are 
also called neurohormones. 


© Functions of posterior pituitary hormones : 


Major functions of ADH : 

[1] On kidney—The main function of ADH is to maintain water balance in the 
body by regulating the excretion of water through urine. It stimulates reabsorption of 
water from the distal and collecting tubules of the nephrons and thereby helps to 
Conserve water in the body by reducing its excretion through urine. When the osmotic 
pressure (concentration) of blood rises due to a shortage of water in the body, the 
release of ADH from posterior Pituitary is stimulated ; this inturn reduces excretion of 
water through urine so as to conserve the body water. Conversely, when the blood 
becomes dilute due to the presence of excess water in it, the release of ADH is suppressed 
to excrete the excess water through urine. This hormone is called antidiuretic hormone 
because it prevents diuresis or excretion of dilute urine. In lack of ADH, large quantities 
of dilute urine is excreted (i.e., diuresis occurs ; this condition is known as diabetes 
insipidus. 

[2] On blood vessels—ADH causes profound vasoconstriction and rise of blood 
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pressure. For this reason ADH is also called vasopressin. The exact physiologic 
importance of this action of ADH is not clear. It is believed that a rise of ADH release 
after hemorrhage may help to prevent the fall of blood pressure. 

Major functions of Oxytocin : 


[1] On uterus—During parturition (child birth), it stimulates the contracuon of 
uterine smooth muscles for expulsion of the foetus. In deficiency of oxytocin secretion, 
normal delivery of the child is not possible. 

[2] On mammary gland—lt helps in milk ejection during suckling by contracting 
the smooth muscles of the mammary gland. 

[3] On female reproductive tract—During mating, it produces movements of the 
female genital tract for transport of sperms from vagina to fallopian tube through the 
uterus. 


It is interesting to note that all the above actions of oxytocin are observed in case of 
females only. Due to the structural similarity in the molecules of ADH and oxytocin, 
each of these hormones may produce the actions of the other, though much less potent. 

Other minor actions of ADH and Oxytocin: 


In addition to the above functions, these hormones may produce certain other minor 
effects in the body, the physiological significance of which is not known. Such minor 
actions of ADH and oxytocin are as follows— 

[1] On smooth muscles—Like those of uterus, mammary gland and blood vessels, 
almost all smooth muscles found in other organs of the body are excited by ADH and 
oxytocin, These hormones increase the contratility of gastro-intestinal tract, gall bladder, 
ureter, urinary bladder etc. 1 


[2] On heart—These hormones reduce cardiac output by decreasing coronary flow 
which is brought about by coronary vasoconstiction. 


[3] On respiration—These hormones produce hyperpnoea with intermittent apnoea. 


[4] On metabolism—ADH and oxytocin cause depletion of liver glycogen, rise of 
blood sugar level and reduction of BMR. . 
© Hyposecretion of ADH : Deficiency of ADH due to defects in hypothalamus or 
posterior pituitary leads to a pathological condition called diabetes insipidus. In this 
condition, the urine becomes insipid (or tasteless), hence it is so named. The symptoms 
of diabetes insipidus are—(i) passage of large volume of dilute urine (diuresis), 
(ii) frequent voiding of urine (polyuria) and (iii) drinking of large amount of water due 
to excessive thirst (polydipsia) to compensate the loss of water through urine. The 
urine of such patients has a lower specific gravity because it becomes diluted. 
© Hypersecretion of ADH : In patients with hypersecretion of ADH, a high fluid 
intake may cause water intoxication. Such patients may develop oedema with low plasma 
osmolality and high blood pressure. $ 
© Hyposecretion of oxytocin : In deficiency of oxytocin, (i) the labor (parturition or 
delivery of the baby) is delayed and becomes difficult and (ii) there is difficulty in 
breast feeding due to insufficient ejection of milk although milk formation in the 
mammary glands is not impaired. 
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7.6. Thyroid Gland 


Location and Anatomy: In man, the thyroid 
gland is located at the lower part of the neck, just 
below the larynx. It is made up of two oval lobes 
joined by an isthmus. Each lobe is situated on 
either side of the upper border of trachea. The 
isthmus is placed on the anterior (ventral) surface 
of the trachea. The average weight of normal adult 
human thyroid gland is 25 grams. 

© Histological structure : The thyroid gland is 
made up of numerous spherical or oval or irregular 
shaped follicles. Each follicle is lined by a single 
layer of cubical or columnar cells called follicular 
cells. The follicles, are filled with a colloid 
material called thyroglobulin. In between the 
follicles there are blood vessels and connective tissue. In this region, some specialized 
secretory cells containing large number of mitochondria are observed ; these cells are 
called parafollicular cells or ‘C’ cells. 

® Hormones of thyroid gland: The chief hormone of thyroid gland is thyroxine or 
tetraiodothyronine (in short T4). This is an. iodine containing amino acid type of 
compound having four iodine atoms. It is secreted by the follicular cells. These cells 
secrete another iodinated hormone called triiodothyronine (T3) which contains three 


Fig. 7.9 : Location and anatomy 
of thyroid gland (ventrial view). 


Thyroid gland I Oxyphil cell 
A 
B Q 
Fig. 7.10 : Location of thyroid and parathyroid in dorsal view of trachea (B) ; histology of 
thyroid (A) and parathyroid (C). 
atoms of iodine. These two iodine containing hormones (T4 and T3) are stored in the 
colloid material present within the thyroid follicles and are released into the blood 
through the follicular cells. Recently it has been revealed that the parafollicular cells of 
thyroid gland secrete a polypeptide hormone. This was earlier termed calcitonin because 
it was known to be related to calcium metabolism. For this reason, the parafollicular 
cells of the thyroid gland was also termed ‘C’ cells. Previously calcitonin was believed 
to be secreted by the parathyroid gland ; but since this hormone is now known to be 
secreted from the parafollicular cells of thyroid, the name calcitonin has been replaced 
by thyrocalcitonin (TCT). j 
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e Functions of thyroid hormones : 
A Functions of Thyroxine (T4) and Triiodothyronin (T3) : 


These two hormones have the same functions. Although T3 is more potent, Ty is 
considered as the chief hormone of thyroid, because the latter is secreted many times 
more than the former quantitatively. The actions of Ta and T3 in the body are as follows— 

[1] Metabolic actions : 

[A] BMR and calorigenesis—T} and T4 increase the BMR by stimulating oxidation 
of foodstuff in the tissues and therefore these hormones are also called calorigenic 
hormones. During cold, the secretion of thyroid hormones is increased, which by 
stimulating calorigenesis help in thermoregulation and prevent fall of body temperature. 

[B] Carbohydrate metabolism—Thyroid hormones raise the blood sugar level by 
increasing food intake, absorption of glucose from intestine, glycogenolysis, 
neoglucogenesis etc. These hormones also increase the oxidation of glucose in tissues. 

[C] Protein metabolism—Under normal conditions (i e., when the blood levels of 
Ta and T; are within normal range), these hormones help in protein synthesis but when 
secreted in excess, they cause protein breakdown. 

[D] Fat metabolism—T; and T4 stimulate the catabolism of fat by activating the 
enzyme lipase-present in the tissues. 

[2] Growth and differentiation : Thyroid hormones help in growth by acting jointly 
With STH. STH directly acts on tissues to stimulate their growth. T4 and T; stimulate 
differentiation of tissues, which indirectly helps in growth by facilitating the action of 
STH. Requirement of thyroid hormones in metamorphosis of amphibians and molting 
of reptiles, birds etc., are good examples of developmental effect of these hormones. 

[3] Action on nervous system—These hormones help in the development of nervous 
system and mental functions as evidenced by the fact that in deficiency of these 
hormones, the subject becomes mentally retarded. 

[4] Action on circulatory system—Thyroid hormones 
increase absorption of vitamin Bi from the intestine, 
which is required for synthesis of hemoglobin and thereby 
erythropoiesis (formation of RBC). Ty and T3 increase 
the activity of heart. 

[5] Action on reproductive system—These hormones 
help in the growth, development and function of 
reproductive system. This is probably due to the 
stimulatory effect of T4 and T3 on pituitary GTH secretion. 

[6] Action on digestive system—Thyroid hormones 
promote hunger, appetite, movement of gastro-intestinal 
tract and absorption of various materials from the intestine. 
© Hypo- and hyper-secretion of Ta and T3 : 

Hyposecretion of T4 and T;—Deficiency of thyroid 
hormones due to hypofunction of thyroid gland is called 
hypothyroidism. It may be caused by— [1] deficiency of 
iodine in diet or [2] destruction of thyroid gland as in 
Hashimoto’s disease or [3] hyposecretion of TSH. Among 
these, hypothyroidism due to iodine deficiency is most Fig. 7.11 : Cretinism. 
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common which is associated with goitre (enlargement of thyroid) but in other types of 
hypothyroidism, the thyroid gland is atrophied. In deficiency of iodine, synthesis of T3 
and T, is impaired leading to reduction in blood level of these hormones which stimulates 
the anterior pituitary to secrete more TSH, and as a result, the thyroid gland is enlarged 
producing goitre. Thus, in iodine deficiency, although the thyroid is enlarged, it cannot 
produce T} and T4 (i.e., goitre with low T/T and high TSH), Hypothyroidism produces 
the disease ‘cretinism’ in young ones and ‘myxoedema’ in adults. 

Cretinism—In this condition, all the milestones of development are delayed and 
the child exhibits the following characters: stunted growth ; rough, thick, dry and 
wrinkled skin with scanty hairs ; idiotic and mentally retarded ; pot-bellied ; muscular 
weakness etc. 


Fig. 7.12 : Myxoedema. 


Myxoedema—This condition is charactrized by : swollen skin of face and body, 
loss of hair from head, axilla, pubis and eyebrows, inability to tolerate cold, poor memory 
and personality, etc. Myxoedema occurs more frequently in females than in males. 


Hypersecretion of T4 and T;—The condition of excessive secretion and action of 
T3 and T4 is called hyperthyroidism or 
thyrotoxicosis which is always associated 
with goitre. Hyperthyroidism may be caused 
by overgrowth or tumor of thyroid gland or 
by secretion of excess TSH in which the 
thyroid gland becomes enlarged and it 
secretes excess T3 and T4. However, the most 
common type of hyperthyroidism is the 
Graves’ disease (or exophthalmic goitre) 
in which goitre is associated with protrusion 
of the eyes (exophthalmos). Graves’ disease 
(named after R. J. Graves, 1797—1853, an 
Irish physician who discovered it) is an 
autoimmune disease due to Overproduction 
of a thyroid stimulating immunoglobulin 
(TSI) by the B-lymphocytes. The TSI acts like 


Fig. 7.13 : Goitre. 
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TSH and stimulates the thyroid gland so that the 
thyroid becomes enlarged and secretes more T3 and 
Ty. Moreover, unlike the TSH, the TSI causes 
protrusion of the eyeballs. The increased blood level 
of T3 and Ty suppresses the TSH secretion from 
anterior pituitary, but it cannot suppress TSI 
production. So the secretion of TSI continues and 
the blood level of T} and T4 remains high. The 
symptoms of hyperthyroidism are—increase in 
heart rate, BMR and body temperature ; sweating 
and intolerance to heat ; weight loss (due to excess 
catabolism) and increased appetite ; tremor, anxiety, 
mental instability and restlessness. 


Fig. 7.14 : Graves’ disease 
(Exophthalmic goitre). 


Goitre ; Goitre means swelling of the neck due to enlargement of thyroid gland. 
It may be associated with hypothyroidism (low level of Tʒ and T4 in blood), as well 
as hyperthyroidism. (high blood level of T3 and T4). Hypothyroidism occurs mainly 
in dietary deficiency of iodine. This is also known as endemic goitre which was 
formerly more common in hilly areas far away from the sea where the food and 
drinking water lacked iodine. Nowadays this is rare because of the use of iodized 
common salt. Goitre with hyperthyroidism occurs most commonly in Graves’ disease. 
It may also occur due to a tumor in pituitary or thyroid. 


A Function of Thyrocalcitonin (TCT): 
It helps to decrease the blood calcium level by preventing resorption of bone (ie, 
release of calcium from bones). Thus, TCT is functionally opposite to parathormone. 


7.7. Parathyroid Gland 


Location and structure: In man, there are two pairs of small oval parathyroid 
glands that remain’ embedded in the posterior (dorsal) surface of the thyroid gland. 
Each lobe of thyroid contains a pair of parathyroids arranged vertically (i.e., one above 
the other). 

Each parathyroid is made up of masses or columns of epitheloid cells and numerous 
blood sinuses in between them. Two types of cells are present in it—chief cells and 
oxyphil (or eosinophil) cells. The chief cells are agranular, present in large number 
and are responsible for secretion of the hormone of this gland. The oxyphil cells are 
granular, very few in number and their function is not known. 
© Hormone of parathyroid gland and its function : The hormone of parathyroid 
gland is called parathormone (in short PTH). This is a polypeptide hormone. The 
chief function of PTH is to regulate blood level of calcium and phosphorus. It increases 
calcium (Ca) level and reduces phosphate (PO4) level of blood in the following ways— 
(i) it causes resorption of bones and mobilises Ca and PO, from them; (ii) it increases 
reabsorption of Ca and excretion of PO, in the renal tubules ; (iii) it stimulates intestinal 
absorption of Ca. 
© Hypo- and hyper-secretion of PTH : 

Accidental damage to the parathyroids or their blood vessels during thyroid surgery 
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or hypoactivity of parathyroid glands (i.e., deficiency of PTH) leads to a clinical 

7 condition called tetany. In this condition, blood 
calcium level is lowered which results in 
neuromuscular hyperexcitability characterized by 
spasm and convulsion in response to minor stimuli. 
In severe cases of tetany, death may ensue due to 
the spasm of respiratory muscles and glottis leading 
to asphyxia. 

In hyperactivity of parathyroid (or high blood 
level of PTH) due to tumor in the gland, the bones 
become rarefied, weak and fragile. It may lead to a 
condition called osteitis fibrosa cystica in which 
the damaged bone tissue is replaced by cavities 

= filled with fibrous tissue. A high blood calcium 
Fig. 7.15 : A symptom of tetany: level leads to deposition of calcium salts in the 


spasm of wrist, hand and fingers in kidneys and renal failure 
response to slight pressure on limb. 


7.8. Adrenal Gland Adrenal glands 


Location and Anatomy: In man, two 
adrenal glands are present, each of which is 
located above the kidney on either side of the 
body. This gland is also called suprarenal 
gland because it is situated on the upper pole 
of the kidney. Each gland is roughly triangular 
in shape and looks like a cap on the kidney. 
The average weight of each gland in adults is 
about 5 grams. 

® Histological structure : The adrenal gland — x ? 
is covered by a well developed capsule. The Fig. 7-16 + Location of adrenal glands. 
glandular tissue of adrenal is divisible into two 
Zona distinct parts, outer adrenal cortex and inner 
glomerulosa _ adrenal medulla. The adrenal cortex is made up 
of polyhedral cells containing prominent nucleus, 
mitochondria, Golgi body and numerous lipid 
granules. These cells are arranged in three layers. 
From outside inwards these layers are—zona 
glomerulosa, zona fasciculata and zona 
reticularis. The adrenal medulla is made up of 
polyhedral granular cells that are arranged 
irregularly ; these cells are also called chromaffin 
cells, 

© Hormones of adrenal cortex: Adrenal cortex 
secretes a number of steroid hormones that are 
collectively called adrenal corticoids or 
corticoid hormones. Like other steroids, the 
corticoids also contain the cyclopentanoper- 


Zona 
ft | fasciculata 


Adrenal cortex 


Zona reticularis. 


Adrenal medulla 


Fig. 7.17 : Histology of adrenal gland. 
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hydrophenanthrene nucleus. These hormones are functionally divided into the following 
three groups : 

[1] Mineralocorticoids—that are concerned with regulation of mineral and water 
balance of the body ; examples—aldosterone and deoxycorticosterone. 

[2] Glucocorticoids—which take part in regulation of carbohydrate, protein and 
fat metabolism; examples—cortisol, cortisone, corticosterone etc. 

[3] Sex corticoids—sex hormones (hormones related to sex functions) secreted by 
adrenal cortex are included in this group ; examples—androgens, estrogens and 
progesterone. 

Among the three groups of corticoids, the mineralocorticoids are secreted from the 
zona glomerulosa only, while the others t. e., gluco- and sex-corticoids are secreted 
from all the three layers (mainly the middle and inner layers) of adrenal cortex. That 
means the zona glomerulosa secretes all the three types of corticoids (mainly 
mineralocorticoids) while the zona fasciculata and zona reticularis secrete the gluco- 
and sex-corticocoids only. 


è Functions of Corticoid hormones : 


The three groups of corticoids differ functionally according to which they have 
been named. But since the basic chemical structures of these three groups of corticoids 
are very similar, their actions overlap. Thus, a compound of one group may elicit the 
actions of the other groups, though much less potent. 

A Functions of Mineralocorticoids : 

[1] Primary or direct action The chief function of these hormones is to regulate 
the reabsorption of minerals like Nac K+, CI- etc., and water from the renal tubules so 
as to maintain the blood level of these materials. Mineralocorticoids increase the 
reabsorption of Na* and CI- but reduce that of K+, With the retention of Na* and CI, 
the reabsorption of water is spontaneously facilitated. Thus, these hormones help to 
conserve sodium salts and water in the body along with excretion of K* in urine. 

[2] Secondary or indirect actions—Mineralocorticoids may produce various 
indirect but physiologically very important regulatory effects in the body that are 
secondary to reabsorption of NaC] and water. These are, maintenance of [A] excitability 
of nerves, muscles and heart ; [B] acid-base balance ; [C] water balance ; [D] blood 
volume and blood pressure ; [E] gastric HCI secretion etc. 

Mineralocorticoids are essential for life because their absence causes salt imbalance 


and death. 


Aldosterone escape: We know that aldosterone increases Na* reabsorption in 
the kidney. But there is a limit of it, beyond which an increase in aldosterone level 
cannot increase Nat reabsorption. Thus, even in presence of sufficient aldosterone, 
Nat passes out through urine ; this is called aldosterone escape. This phenomenon 
shows that in addition to aldosterone, there must be some other factors which control 


Nat reabsorption. 


A Functions of Glucocorticoids : 


Although the main function of glucocorticoids is to take part in regulation of 
metabolism, they also have some other functions as described below : 
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[1] Metabolic actions—These hormones [A] increase glycogen synthesis (ler., 
glycogenesis) and storage in liver and muscles ; [B] reduce oxidation of glucose in 
tissues ; [C] stimulate formation of glucose from protein and fat (i.e., neoglucogenesis) 
in liver ; and as a result of these actions [D] raise the blood sugar and urinary nitrogen 
(urea) levels. 


[2] Hematologic actions— These hormones help in the destruction of leucocytes 
like eosinophils and lymphocytes (eosinopenia and lymphopenia) and formation of 
erythrocytes (erythropoiesis). 

[3] Anti-stress action—Glucocorticoids help the body to combat against stressful 
conditions. In deficiency of these hormones, a person cannot withstand stress. 


[4] Anti-inflammatory actions—These hormones protect the body from 
inflammations. 


[5] Immunosupressive actions—Glucocorticoids decrease the formation of 
antibodies and thereby help to reduce the harmful effects of antigen-antibody reactions. 


[6] Food intake—These hormones help to maintain appetite and food intake. In 
deficiency of glucocorticoids food intake is reduced due to loss of appetite. 


[7] Other activities—Glucocorticoids also have some mineralocorticoid activity 
i.e., they can influence mineral metabolism like the mineralocorticoids, These hormones 
help to maintain proper functioning of various systems like alimentary system, circulatory 
system, muscles, nerves etc, Action of all hormones require the presence of 
glucocorticoids ; this is known as permissive action of glucocorticoids, 

A Functions of Sex corticoids : 


Andorgens are male sex hormones and estrogens and progesterone are female sex 
* hormones. The male and female sex hormones help to develop the accessory sex organs 
and secondary sex characters of male and female respectively, In adults, these hormones 
are secreted mainly by the gonads (testes in males and ovaries in females), However, in 
the young, the adrenal cortex may secrete some amount of sex-corticoids as the gonads 
are not yet developed, Adrenal cortex of adults secrete sex hormones in very small 
quantities (almost negligible) because by this time, this function is taken up by the 
gonads. As a matter of fact, various abnormalities are observed in cases where the 
adrenal cortex secretes considerable amounts of sex corticoids in the adults, 
© Hypo- and hyper- functions of adrenal cortex: 

Deficiency of corticoid hormones due to hypofunction of adrenal cortex leads to a 
clinical condition called Addison’s disease whereas hypersecretion of these hormones 
produces Cushing’s disease. Secretion of excess female sex hormone from the adrenal 
cortex of adult males produces the signs of feminization and impotency in them. 
Conversely, hypersecretion of male hormones from the adrenal cortex of adult females 
leads to virilism (which is characterized by development of facial hairs and masculine 
body) and loss of fertility. 
© Hormones of adrenal medulla and their functions: 

Adrenal medulla secretes two hormones of catecholamine group, mainly adrenalin 
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(or epinephrine) and to a smaller extent noradrenalin (or norepinephrine). These 
hormones exert the following actions in the body. 

[1] On circulation : They increase the activity of heart i.e., both force and frequency 
(rate) of heart's contraction and thereby the cardiac output. These hormones also cause 
vasoconstriction and as a result raise the blood pressure. Thus, the catecholamines 
increase the speed of circulation, However, injection of adrenalin in normal animals 
produces a reflex inhibition of heart rate due to rise in B.P. 

[2] On respiration : Adrena! medullary hormones stimulate the respiratory centres 
situated in brain and dilate the bronchioles. Thus, they increase both the rate and the 
depth of respiration. 

[3] On smooth muscles: These hormones also influence the activities of various 
other smooth muscles in addition to those present in blood vessels and bronchioles 
(that has already been mentioned), Some smooth muscles e.g pyloric sphincter, trigone 
sphincter, piloerector muscles, radial muscles of iris erc., are contracted by 
catecholomines while those present is stomach, urinary bladder, gall bladder erc., are 
relaxed by them. 

[4] On skeletal muscles : Adrenalin facilitates the activity of skeletal muscles and 
delays onset of fatigue in them (i.e., helps to keep them active for longer periods) by 
increasing their blood supply and metabolism. 

[5] On metabolism: These hormortes increase blood sugar (glucose) level by 
stimulating ꝑlycogenolysis (breakdown of glycogen to glucose) and neoglucogenesis 
(formation of glucose from protein and fat) in liver. They increase glycolysis (breakdown 
of glycogen to pyruvic or lactic acid) in muscles and lipolysis (breakdown of fat into 
fatty acid and glycerol) in adipose tissues. 

[6] Thermoregulation : Catecholamines promote calorigenesis (heat production) 
in the body by increasing the metabolic rate. In addition, they produce vasoconstriction 
and piloerection (erection of hairs) in the skin which help to conserve the body heat by 
preventing its loss due to radiation through skin. Secretion of these hormones is 
stimulated during cold so as to prevent the fall of body temperature, 

Finally, it should be mentioned that the adrenal medullary hormones help the body 
to fight against (i.e., to adjust with) the emergency conditions. Thus, catecholamines 
are also called emergency hormones. These hormones are responsible for production 
of physiological reactions such as palpitation, piloerection, pupillary dilatation erc., in 
conditions of emotion (e.g., fear, anger, pleasure). 
© Comparison between the functions of adrenalin and noradrenalin : 

Adrenalin (A) and noradrenalin (NA) are chemically very close. NA is the immediate 
precursor of A in its biosynthetic pathway and A is the methylated derivative of NA. 
Both these catecholamines are released from adrenal medulla and sympathetic post- 
ganglionic nerve endings. A is mainly a neurohormone because it is liberated mainly 
from the adrenal medulla and to a lesser extent from the sympathetic nerve endings. 
Conversely, NA is mainly liberated from the sympathetic nerve endings as a 
neurotransmitter and to a lesser extent from the adrenal medulla. Although, A and NA 
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work jointly and perform more or less similar functions in the body, their actions differ 


in some respects as shown below. 


1. Heart rate: It increases heart rate 
profoundly. 

2. Cardiac output: It increases cardiac | 2. 
output greatly. 

3. Blood vessels and peripheral 

‘resistance : It constricts the blood 
vessels of skin, kidney, G-I tract, 
spleen etc., while relaxes the blood 
vessels of liver, skeletal muscle and 
heart. It decreases the overall 
peripheral resistance. 

4. Blood pressure : It raises the systolic 
pressure but not the diastolic 
pressure. 

5. Metabolic effects : It is very potent 

in producing metabolic effects. 


Adrenalin Noradrenalin 


Heart rate : It increases heart rate 
only slightly. 

Cardiac output : It has no effect on 
cardiac output. 

Blood vessels and peripheral 
resistance : It constricts all blood 
vessels except the coronary vessels. 
Thus, it is a general vasoconstricter 
and it increases the overall peripheral 
resistance. 


Blood pressure :It increases both 
systolic pressure and diastolic 
pressure. 

Metabolic effects :It is much less 
potent in producing metabolic effects. 


@ Hypersecretion of adrenal medulla : 

Continued mental tension or exposure to stressful conditions may lead to 
hypersecretion of catecholamines from adrenal medulla. Under such conditions, the 
following symptoms are produced—[1] hypertension (high blood pressure); 
[2] palpitation or tachycardia (increased heart rate), finally leading to cardiac 
irregularities ; [3] mental instability and psychological disturbances ; [4] hyperglycemia 
(high blood sugar) and diabetes mellitus; [5] high BMR etc. 


Adrenal gland—Essential for life: 

Adrenal gland is considered to be essential for life because in its absence one 
would not survive. This has been proved by bilaeral adrenalectomy i.e., if both the 
adrenals of an animal are removed, the animal dies within a few days. Earlier, adrenal 
medulla was thought to be the life-sustaining part of the adrenal gland because the 
catecholamines were considered to be essential for life as they control the cardio- 
respiratory functions, blood pressure ec. However, it has been shown that the adrenal 
cortex but not the adrenal medulla is essential for life and the mineralocorticoids of 
adrenal cortex are the actual life-sustaining factors. These hormones maintain the 
Na* level in blood which is necessary for maintaining the excitability of all living 
tissues and thereby the life. This has been proved by the fact that bilaterally 
adrenalectomised animals can survive if they are “salt maintained” by force feeding 
of salt or mineralocorticoid therapy. 


7.9. Pancreas 


© Location and Anatomy: The pancreas is located in the abdominal cavity, just 
below the stomach and remains horizontally extended from the duodenal arch to the 
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spleen on the left side. This elongated gland is divisible into three parts—head, body 
and tail. The ‘head’ is the wider portion located within the duodenal arch. The next 


iy lepatic ducts 


Bile duct 


Pancreatic duct 


Duodenum 


Fig. 7.18 ; Location and anatomy of pancreas. 


major portion is the ‘body’ and the narrow end attached to spleen is the ‘tail’. However, 
there is no sharp demarcation between these three portions. 

@ Histological (Microscopic) structure : Pancreas is a mixed gland containing both 
exocrine’ and endocrine tissues. The 
exocrine portion secretes digestive 
juice into the pancreatic duct whereas 
the endocrine tissue secretes hormones 
into the blood. 

The structure of exocrine pancreas 
is more or less similar to that of salivary 
gland. It is made up of numerous 
secretory alveoli or acini (sing. acinus). 
In each acinus, a central lumen 
(excretory duct) remains surrounded by 
a single layer of cubical or columnar 
cells. Excretory ducts emerging from Shires 
adjacent acini join together to form Arteriole 8) 855 
gradually larger ducts that finally lead venule ne fee 
into the main pancreatic duct which 
opens into the duodenum along with 
the bile duct. 20 

The endocrine tissues of pancreas Fig, 7.19 : Histology of pancreas. 
are called islands of Langerhans that j 
remain scattered here and there in between the acinar tissue. The islands (or islets) are 
made up of closely packed mass of cells. These are not connected with duct system of 
the gland but are richly supplied with blood vessels. The islets constitute only 1-2 
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percent of the whole pancreas and are most abundant in tail portion of the gland. Three 
types of cells are found in the islets ; these are alpha (œ) cells or A- cells, (ii) beta 
(B) or B-cells and (iii) delta (5) or D-cells. Among these B cells are most abundant, o 
cells are relatively fewer and 6 ceils are least in number. 

© Hormones of pancreas : The pancreatic islets secrete polypeptide hormones. Separate 
hormones are produced from each of the three cell types found in the islets of Langerhans. 
The -œ cells secrete glucagon, the B-cells secrete insulin and the 5 cells secrete 
somatostatin. Earlier, it was believed that the 6-cells secrete gastrin. But gastrin is 
found in the pancreatic islets in fetal life and in certain tumors only and not in normal 
adults. Now it is believed that the pancreatic &. cells secrete somatostatin in blood. The 
glucagon and somatostatin are also secreted from the gastrointestinal mucosa and other 
sources, 

Insulin is a polypeptide containing 51 amino acids that are arranged in two chains 
linked by disulfide (S-S) bridges. Glucagon is a single-chain, linear and smaller 
polypetide containing 29 amino acids and no disulfide bridge. Somatostatin is also a 
single chain polypeptide containing fewer (only 14) amino acids. 
© Functions of Pancreatic hormones : 


Insulin and glucagon, the chief hormones of pancreas, regulate the metabolism of 
carbohydrate, fat and protein, These two hormones are functionally opposite to each 
other, Somatostatin on the-other hand, regulates the secretion of other hormones and 
gastrointestinal functions, The functions of the three pancreatic hormones are discussed 
below. 

A Functions of Glucagon : 

Itis a catabolic hormone i.e., it stimulates catabolism of carbohydrate, protein and 
fat, thereby depleting the reserve food stores of the body. It has the following actions. 

[1] Carbohydrate metabolism The chief function of glucagon is to increase the 
blood sugar (glucose) level. Hence, it is also called hyperglycemic factor of pancreas. 
Glucagon raises blood sugar level by stimulating glycogenolysis (breakdown of 
glycogen to glucose) and neoglucogenesis (formation of glucose from non- 
carbohydrates like protein and fat) in liver. When blood sugar level is lowered the 
secretion of glucagon is stimulated and this hormone helps to raise the blood sugar 
level to normal, 

[2] Protein metabolism It increases the catabolism of amino acids in liver and 
urinary excretion of nitrogen, thereby causing a negetive nitrogen balance, 

[3] Fat metabolism—Glucagon activates the enzyme lipase present in liver and 
adipose tissue as a result of which lipids are broken down and free fatty acid level of 
blood is increased, 

[4] BMR—Glucagon increases heat production (or BMR) in ‘the body because of 
its catabolic effects. 

A Functions of Insulin: 

Insulin is essentially an anabolic hormone because it helps to increase the storage 
of food in the body. It has the following actions in the body. 

[1] Carbohydrate metabolism The chief function of insulin is to reduce the blood 
sugar (glucose) level, It is the only hormone that has a blood sugar lowering effect ; 
hence insulin is also called hypoglycemic factor. The hypoglycemic effect of insulin 
is achieved in the following ways :— 

[A] It increases the permeability of different tissues to glucose so as to facilitate 
transport of glucose from blood to tissues. 
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[B] It helps in utilization of glucose in the cells by stimulating glycogenesis 
(formation of glycogen from glucose), lipogenesis (conversion glucose to fat) and 
oxidation of glucose for yielding energy. 

[C] It inhibits formation of glucose through glycogenolysis and neoglucogenesis 
in liver and its entry into the blood. 

[2] Protein metabolism—Insulin also increases the permeability of tissues to amino. 
acids like that of glucose and helps in the entry of amino acids from blood to tissues, It 
stimulates synthesis of proteins from amino acids entering into the tissues. In addition, 
insulin prevents catabolism of tissue proteins. 

[3] Fat metabolism—tt stimulates lipogenesis and reduces lipolysis in tissues, 

[4] Growth—Insulin helps in growth of the body by virtue of its protein anabolic 
effects because growth is not possible without protein synthesis. Insulin is required for 
the growth promoting action of STH. T 

Secretion of insulin from pancreas is stimulated when the blood sugar level is raised 
e.g., during absorption of food after meals, Thus, the absorbed glucose is well utilized 
and blood glucose level is brought back to normal ; otherwise, glucose would escape 
through urine. 

A Functions of Somatostatin : 

Somatostatin secreted from 8. cells of pancreas inhibits the secretion of insulin and 
glucagon from the pancreatic islets in a paracrine fashion ie., it acts locally on the B- 
and æ- cells without entering the circulating blood. It may also directly inhibit the 
secretion of both bicarbonate and enzymes in pancreatic juice. The pancreatic 
somatostatin is also released into the circulating blood which inhibits secretion of gastrin, 
secretin, CCK-PZ, VIP, GIP, motilin erc., from the gastrointestinal mucosa and thereby 
the secretion and motility of the gastrointestinal tract, 
© Abnormalities of pancreatic hormone secretion : i 

Insulin is the chief hormone of pancreas because it is secreted in largest quantity 
and is functionally much more important than glucagon. The function served by glucagon 
(elevation of blood sugar level) can also be served by some other hormones such as 
adrenalin, glucocorticoids, growth hormone erc. So, these hormones can easily 
compensate the hypo- or hypersecretion of glucagon. On the other hand, insulin is the 
sole hypoglycemic hormone in the body, The secretion of insulin is stimulated and 
suppressed by arise and fall of blood sugar level respectively. A pathological condition 
due to hypersecretion of insulin is very rare because excess insulin is not secreted 
endogenously. However, hypoglycemia (a fall of blood sugar level) may be produced 
by inadvertent excessive dose of insulin treatment. Hypoglycemia is dangerous because 
it affects the brain and may cause dizziness, convulsion and coma. If hypoglycemia is 
severe and prolonged, it may even cause death due to failure of respiratory centres. A 
hypoglycemic patient showing the early signs like dizziness and conyulsion should be 
promptly treated with glucose (i.e., fed with sugar). 

Atrophy of B-cells may lead to abnormalities resulting from hyposecretion of 
insulin. Deficiency of insulin produces a clinical condition called diabetes mellitus 
which is characterized by the following symptoms—{1]} hyperglycemia (rise of blood 
suger level) ; [2] glycosuria (excretion of glucose in urine) ; [3] polydipsia (excessive 
thirst) ; [4] polyuria (frequent voiding of urine) ; [5] tissue wasting and weight loss 
inspite of increased hunger and feeding (polyphagia) erc. In diabetes mellitus, the 
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urine becomes sweet and its specific gravity is raised due to the presence of sugar in it. 
In uncontrolled acute cases of hyperglycemia, coma may develop; this is called diabetic 
coma. Chronic cases of hyperglycemia may be associatd with cardiovascular and other 
complications. 

In contrast to the sweet urine of diabetes mellitus (mellitus = honey ; hence the 
name), the urine of diabetes insipidus becomes insipid or tasteless (hence the name) 
due to absence of sugar and presence of large volume of water in it. 


7.10. Testis And Ovary 


Testis and ovary are the primary sex organs (or gonads) of male and female 


respectively which produce the gametes (sperm in male and ovum in female). Besides 
this, testis and ovary also secrete some hormones (Table 7.1). The chemical nature, 
source and functions of these hormones are shown in Table 7.2. A detailed account of 
these hormones is given in chapter-10. 


7.11. Placenta 


Placenta is a specialized organ that forms anatomical and functional link between 
the uterus of mother and the foetus. It appears during the embedding of the fertilized 
ovum into the uterus, and is expelled out with the foetus during parturition. Structurally, 
the placenta has two parts a maternal part and a foetal part. The maternal part consists 
of a few large blood sinuses. The maternal blood circulates through these sinuses, 
arterial blood entering through uterine arteries and venous blood passing out through 
the uterine veins. The foetal part consists of numerous finger like processes called 
chorionic villi projecting into maternal sinuses. The chorionic villi contain foetal 
capillaries. The foetal blood enters into chorionic capillaries through the umbilical 
artery (which carries impure blood) and returns to the foetal body though the umbilical 
vein (which carries pure blood). The chorionic villi remain covered by trophoblast 
cells. Since the maternal and foetal blood come in close contact within the placenta, it 
helps in exchange of materials between the mother and the foetus, e.g., supply of 02 
and nutrients from mother’s blood to foetal blood and excretion of CO, and other 
metabolic wastes from the foetal blood to the mother’s blood. Thus, the placenta serves 
nutritive, respiratory, excretory and all other vital functions of the foetus. In addition, 
the trophoblast cells of placenta secrete some hormones which help in maintenance of 
pregnancy as well as growth and maturation of the foetus, So, the placenta is considred 
as a temporary endocrine gland of females, present during pregnancy. 


© Hormones of Placenta and their functions: 


[1] Chorionic (or Placental) gonadotrophin—It is commonly known as human 
chorionic gonadotrophin (or HCG). It is a peptide hormone secreted by the placenta 
in early pregnancy. Its secretion begins within 2-3 weeks after fertilization, rises sharply 
to maximum with 2 months and then declines gradually. HCG prolongs the life of 
corpus luteum in ovary and stimulates it to secrete estrogen and progesterone necessary 
for preventing disintegration of the uterine endometrium (menstruation) and maintaining 
the uterine bed for the foetus. Thus, HCG maintains pregnancy through the ovary. 
HCG appears in urine, and its presence in urine forms the basis of pregnancy tests. 

[2] Estrogen and progesterone—Within 2-3 months of pregnancy, the fully 
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developed placenta itself begins to secrete the female sex steroid hormones, estrogen 
and progesterone, to maintain the remaining part of pregnancy without the involvement 
of ovary. 

These two hormones help in growth and development of the uterus to make it suitable 
for bearing the growing foetus. Placental estrogen and progesterone jointly help in 
complete development of mammary glands (which occurs in pregnancy only). However, 
a high level of estrogen and progesterone keeps the milk formation suppressed from 
mid-pregnancy till the end of pregnancy. 

[3] Placental prolactin (Somatomammotrophin)—It is a peptide hormone which 
has functions like growth hormone and prolactin. It promotes growth of the foetus as 
well as dvelopment of mammary gland of the mother and initiates milk formation. But 
then the milk formation is kept suppressed by the high level of estrogen and progesterone. 

[4] Other trophic hormones—Placenta also secretes the trophic hormones like 
ACTH, TSH etc., which inturn stimulate the secretion of their target hormones to support 
the increased metabolism of the mother as well as growth and maturation of the foetus. 

[5] Relaxin—It is a peptide hormone secreted at about the end of pregnancy. It 
relaxes the ligament of symphysis pubis for smooth delivery of the baby (parturition). 


7.12. Gastro-intestinal Hormones 


The mucous membrane of stomach and intestine secretes some polypeptide 
hormones into the blood which regulate the activity (secretion and movement) of various 
parts of digestive system. These peptides are called gastro-intestinal hormones (G-I 
hormones). These hormones are considered as local hormones because they originate 
from the gastro-intestinal tract as well as act on it. Although the polypeptides secreted 
by the gastro-intestinal mucosa act on their target cells via the circulation, some of 
them may also act in a paracrine fashion. They have specific physiologic effets but 
some of their actions may overlap. 

© Hormone of stomach: Gastrin : The mucosa of the stomach and also of small 
intestine secretes gastrin. Earlier, this hormone was believed to be secreted by the ö - 
or D-cells of islets of Langerhans of pancreas also. Gastrin is found in the pancreatic 
islets in foetal life but it is uncertain whether any gastrin is present in the pancreas of 
normal adults. Gastrin stimulates the secretion of gastric juice (both pepsin and HCl) 
and motility of stomach. The secretion of gastrin is stimulated when the food material 
comes in contact with the gastric mucosa, and thus, gastric digestion is facilitated. 
Gastrin also stimulates the growth of mucosa of stomach and intestine (both small and 
large) which may be considered as its trophic action. In addition, gastrin stimulates 
the secretion of insulin and glucagon from pancreas. 

o Intestinal hormones : When the acid mixed, semi-digested food (acid chyme) 
from stomach comes in contact with the mucosa of the small intentine, it secretes several 
hormones. The intestinal hormones and their functions are as follows. 

[1] Secretin— This intestinal polypeptide hormone has a historic importance because 
it is the first discovered hormone. Secretin has two main functions (i) it stimulates 
secretion of bile from liver and (ii) it increases secretion of bicarbonate and water in 
the pancreatic juice. In addition, secretin decreases gastric acid secretion and causes 
contraction of pyloric sphincter. 
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[2] Cholecystokinin-Pancreozymin (CCK-PZ)—Previously it was believed that 
two separate polypeptide hormones were liberated from intestine, one responsible for 
contraction of gall bladder and as a result, expulsion of bile from gall bladder to 
duodenum whereas the other responsible for secretion of enzymes in the pancreatic 
juice. These two hormones were named cholecystokinin (CCK) and pancreozymin 
(PZ) respectively. But recently it has been revealed that CCK and PZ are chemically 
indifferent , i.e., the same peptide hormone performs both the functions (stimulation of 
gall bladder contraction and enzyme-rich pancreatic juice secretion), Therefore, the 
hormone is now called CCK-PZ. It may also inhibit gastric emptying and stimulate 
intestinal motility. 

[3] Enterokrinin—This intestinal hormone stimulates secretion of intestinal juice. 

[4] Villikinin ft stimulates the motility of villus and thereby facilitates absorption. 

[5] Gastric inhibitory peptide (GIP)—This polypeptide hormone is secreted from 
the mucosa of duodenum and jejunum. Its secretion is stimulated by presence of glucose 
and fat in duodenum. It inhibits gastric secretion and motility ; hence it is so named. It 
also stimulates insulin secretion from pancreas. For this reason, it is sometimes called 
glucose dependent insulinotropic polypeptide. 

[6] Vasoactive intestinal polypeptide (VIP)—This polypeptide is found in (i. e., 
originates from) the nerves in the G-I tract. It may act as a neurotransmitter as well as 
a neurohormone. Its actions include (i) stimulation of secretion of electrolytes and 
water in the intestinal juice (ii) relaxation of intestinal smooth muscles including 
sphincters (iii) dilatation of peripheral blood vessels and (iv) inhibition of gastric acid 
secretion. 

[7] Motilin—This duodenal polypeptide hormone causes contraction of intestinal 
smooth muscles. 

[8] Neurotensin—It is a polypeptide secreted mainly from the mucosa of the ileum 
in response to presence of fatty acids. It inhibits gastrointestinal motility. 

[9] Somatostatin—This polypeptide was originally isolatd from hypothalamus, as 
the growth hormone inhibiting hormone (GIH). It is also secreted from the 

gastrointestinal mucosa and the D-cells of pancreas. It inhibits secretion of other G-I 
hormones like gastrin, secretin, CCK-PZ, VIP, GIP, motilin etc., and thereby inhibits 
secretion of exocrine pancreas and gastric HCI, gastric motility and contraction of gall 
bladder. Somatostatin acts as an endocrine secretion (i.e., through blood) as well as a 
paracrine material because it is secreted in the gastric and intestinal juices through 
which it diffuses to its target cells. Somatostatin of pancreatic D-cells also acts on 
neighbouring cells by diffusing through the ECF, without entering into the blood. It 
inhibits the secretion of insulin and glucagon from the pancreas. 

[10] Glucagon and Enteroglucagon—Glucagon is secreted from the gastric and 
intestinal mucosa in addition to the œ (or A) cells of pancreatic islets. It appears to play 
a role in hyperglycemia of diabetes. The functions of glucagon has been described 
ealier under hormones of pancreas. 

A glucagon like hormone called enteroglucagon or gut glucagon or glucagon 
like immunoactivity (GLI) or glycentin is secreted from the intestinal mucosa. It is 
immunologically similar but chemically different from glucagon (its polypeptide chain 
is larger than glucagon). Its functions are similar to glucaon but much less potent ; they 
include—stimulation of glycogenolysis in liver and lipolysis in adipose tissue, and 
inhibition of secretion of gastrin, gastric HCl and pancreatic juice. 
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7.13. Prostaglandins (PG,) 


The prostaglandins are a group of Cao unsaturated fatty acids that are biologically 
active as local hormones. They were first isolated from semen and were believed to be 
secreted from the prostate gland ; hence they were named prostaglandins by Von Euler 
in 1937. Later, it was shown that the PGs present in semen are secreted mainly by the 
seminal vesicles. Now it is known that the PGs are synthesised in most and possibly all 
organs of the body from the polyunsaturated essential fatty acids e.g., arachidonic acid, 
linoleic acid and linolenic acid. 

The PGs act like local hormones in the body ie. they act mainly on the tissues from 
where they orginate and also on some neighbouring tissue. Thus, they are of autocrine 
or paracrine nature. The PGs may be of different types that are divided into two main 
groups—PGE and PGF. They show multifarious actions of which some important 
ones are as follows :— 

[1] The PGs help in sperm transport in the female reproductive tract and also in 
parturition, They may play a role in the regulation of female reproductive cycle. 

[2] They may act as neurotransmitters in the CNS. 

[3] They prevent lipolysis in adipose tissue. 

[4] They inhibit gastric acid secretion and formation of peptic ulcers. 

[5] They decrease blood pressure by causing vasodilatation. 

[6] The PGs may influence the activity of various smooth muscles. 


7.14. Hormones Of Hypothalamus 


Hypothalamus is a part of diencephalon situated below the thalamus. Although it is 
a part of brain containing many vital neural centres, various peptides synthesised in it 
are released into the circulation as hormones. So hypothalamus is now considered as a 
neuroendocrine (or neurosecretory) organ and the peptides released by it are called 
neurohormones or neurosecretions. 

The nerve endings present in the median eminence of hypothalamus secrete some 
peptides into the blood of hypophysial portal vessel* through which these compounds 
are carried to anterior pituitary, and they either stimulate or inhibit the secretion of 
partiular trophic hormones. Such hypothalamic neurohormones are called releasing 
factors (RFs) or releasing hormones (RHs) and inhibiting factors (IFs) or inhibiting 
hormones (IHs) respectively. These are as follows— 

[1] Corticotrophin releasing factor (in short, CRF or CRH). 

[2] Thyrotrophin releasing factor (TRF or TRH). 

[3] FSH releasing factor (FSH-RF or FSH-RH). 

[4] LH releasing factor (LH-RF or LH-RH). 

[5] Growth hormone releasing factor (GH-RF or GH-RH). 

[6] Growth hormone inhibiting factor (GH-IF or GH-IH). 

[7] Prolactin releasing factor (PRF or PRH). 

[8] Prolactin inhibiting factor (PIF or PIH). 

[9] MSH inhibiting factor (MSH-IF or MSH-IH). 

* There is a vessel carrying blood from the median eminence of hypothalamus to the pars distalis 
of anterior pituitary. It possesses capillaries at both the ends and hence it is called “hypophysial 
portal vessel.” k 
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Recently the existence of FSH-RH has been questioned and it has been revealed 
that the LH-RH controls the secretion of both FSH and LH. So the LH-RH is also 
called gonadotrophin releasing hormone (or GnRH). Moreover, the growth hormone 
inhibiting hormone or GH-IH has been shown to be identical with somatostatin liberated 
from pancreatic -cells and gastointestinal mucosa. It should be noted that the 
somatostatin (or GH-IH) secreted from the hypothalamus enters into the hypophysial 
portal blood and acts as a hormone while the somatostatin secreted from pancreas and 
G-I tract may have local paracrine actions as described earlier. 

In this context, it can be mentioned that the peptides released by posterior pituitary 
ie., oxytocin and vasopressin are also considered as hypothalamic neurohormones 
because these are synthesised in certain hypothalamic nuclei and then carried through 
nerve fibers to the posterior pituitary for storage. From here these hormones are relased 
into circulation as and when needed. 


7.15. Hormones Of Pineal Gland 


The pineal gland is a tiny pine-cone shaped neural organ situated at the roof of third 
ventricle of brain and is connected with it by a stalk. It is made up mainly of 
parenchymatous cells called pinealocytes and some star-shaped supporting cells. The 
chief hormone (neurohormone) of this neuroendocrine gland is an amine called 
melatonin. Although the physiological function of melatonin in man is not clear, it is 
known to have antigonadal action in rats and other vertebrates. It is also thought to 
exert an inhibitory influence on adrenal cortex. The pineal is activated by short 
photoperiods (i. e., deprivation of light) and it may play an important role in the regulation 
of reproduction of seasonally breeding animals depending upon environmental 
photoperiodic stimuli. 


7.16. Hormones Of Thymus Gland 


The thymus gland is located in the upper thorax behind the sternum. It extends from 
the lower border of the thyroid gland to the heart. It is made up of two unequal lobes. 
The lobes are roughly flask shaped, the left one being smaller than the right one. In the 
childhood, the gland is considerably larger and from puberty it undergoes gradual 
involution duing which the thymic tissue is replaced by fat. So,in adults, the thymus is 
composd largely of fat and connective tissue and probably it remains nonfunctional. 

The thymus gland is made up of lymphoid tissue (lymphocytes) and is stucturally 
very similar to lymph glands. It is mainly concerned with the immunity of the body. It 
is also known to have endocrine functions. Possibly two peptide hormones are secreted 
from it. These are. 

[1] Thymosin—It increases formation of lymphocytes and promotes their 
immunocompetence. 

[2] Thymopoietin or Thymin—It influences neuromuscular transmission by 
inhibiting the release of acetylcholine from motor nerve endings. 


7.17. Endocrine Functions Of Kidney 


The kidney is basically an excretory organ. But recently the kidney is also considered 
as an endocrine organ because it takes part in production of three hormones or hormone 
like materials (parahormones) as described below. 
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[1] Renin-Angiotensin system: Earlier it was believed that the juxta glomerular 
apparatus of kidney secretes a hormone called renin into the bloodstream which causes 
rise of blood pressure. But later it was revealed that renin is a proteolytic enzyme 
which acts on a globulin fraction of plasma called angiotensinogen and splits a 
decapeptide angiotensin I from it. The angiotensin J is then converted to angiotensin 
II (an octapeptide) by an enzyme called angiotensin converting enzyme present in 
plasma. This angiotensin II acts like a hormone and performs several functions in the 
body as follows :— 

[A] It is a potent vasoconstrictor, hence it raises blood pressure for which it is 
also called hypertensin. 

[B] It stimulates the zona glomerulosa of adrenal cortex to secrete aldosterone 
which by stimulating renal reabsorption of salt and water increases blood volume. 

[C] It acts on hypothalamus of brain to stimulate the thirst mechanism and ADH 
secretion for increasing water intake and water retention in the body. This also helps to 
raise the blood volume. 

The renin-angiotensin system (i. e., secretion of renin and formation of angiotensin 
II is activated when the ECF (blood) volume is reduced. The juxta glomerular apparatus 
of kidney is considered as a volume receptor which is excited by fall of blood volume 
(e.g., after hemorrhage) and triggers the renin-angiotensin mechanism to prevent the 
fall of blood pressure and to restore the blood volume. 

[2] Erythropoietin : Earlier it was believed that during anoxia (lack of Ozin blood), 
the kidney secretes a hormone which promotes erythropoiesis (RBC formation) in bone 
marrow to compensate anoxia. This renal hormone was named erythropoietin. 
Erythropoietin is a glycoprotein. It has been suggested that the production of 
erythropoietin is analogous to the renin-angiotensin system. The kidney probably secretes 
an enzyme called erythrogenin (or renal erythropoietic factor) into the bloodstream 
which cleaves a globulin fraction of plasma to form erythropoietin. 

[3] Calcitriol (or 1, 25-dihydroxycholecalciferol) : Kidney plays an important 
role in production of a steroidal compound, calcitriol or 1, 25-dihydroxycholecalciferol, 
the active form of vitamin D3, which is now considered as a hormone. The vitamin D 
which is used in human body is called vitamin D3 or cholecalciferol. It can be obtained 
from food as well as synthesised in the skin from its precursor 7-dehydrocholesterol. 
The 7-dehydrocholesterol is also partly obtained from food and partly synthesised in 
the skin. In the skin, the 7-dehydrocholesterol is converted to cholecalciferol by the 
action of the U-V rays of sunlight. The cholecalciferol is then hydroxylated to 
25-hydroxycholecalciferol (or calcidiol) in the liver. The 25-hydroxycholecalciferol 
is carried via blood to the kidney where it is futher converted to 1, 25-dihydro- 
xycholecalciferol or calcitriol which is the active form of vitamin D3, Finally, calcitriol 
is released from kidney into the bloodstream through which it is caried to its target 
tissues like intestine, bone etc. The calcitriol is a hormone because it is produced in the 
body and transported in bloodstream to produce effects in target cells. Thus, the 
cholecalciferol or vitamin D3 is a prohormone and 7-dehydrocholesterol is the 
provitamin D3. 

The calcitriol helps in Ca and P metabolism in the body by acting on intestine, renal 
tubules. It promotes intestinal absorption of Ca and P, renal reabsorption of Ca, and 
mineralization of bones. It may also help in mobilization of Ca and P from bones 
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jointly with PTH to raise the blood levels of Ca and P. Formation of calcitriol is facilitated 
by PTH and fall of blood Ca level. Formation of calcitriol and its functions are 


summarised below. 
Formed in skin 


7-dehydrocholesterol <———— or 
(Provitamin D3) obtained from food 


Exposure of 
skin to U-Vrays 
In skin of sunlight 


Cholecalciferol <——————_— Obtained rom food 


£ (Vitamin D3) 
f In liver 
25-hydroxycholecalciferol 
(Calcidiol) 
In kidney 
= 1, 25-dihydroxycholecalciferol 
(Calcitriol) 
8 Via blood 
s wia blood 
Š 
8 Target tissues 
. 
Intestine Kidney Bone 
(Absorpiton (Reabsorption (Mineralization 
of Ca and P) of Ca) or 


Mobilization of Ca and P) 


7.18. Endocrine Functions Of Skin 


Skin is concerned with production of two hormone like materials vitamin D3 and 
bradykinin. 

[1] Vitamin D;—It has been discussed earlier that the provitamin D3 and vitamin 
D; are formed in skin. Since vitamin D; (cholecalciferol) is a prohormone which is 
released from the skin into the bloodstream, its production is considered as an endocrine 
function of skin. 

[2] Bradykinin—The skin takes part in production of a locally acting peptide 
hormone called bradykinin which is a potent vasodilator of skin. In hot climate, when 
sweat glands become active, they secrete an enzyme called kallikrein (or bradykinin 
forming enzyme) into the bloodstream. This enzyme acts on a protein called 
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bradykininogen present in plasma to produce bradykinin which causes vasodilatation 
in skin to facilitate heat loss from the body for maintaining body temperature. 


7.19. Endocrine Function Of Heart 


The muscle cells of atria of heart secrete a peptide hormone in blood which causes 
natriuresis (or increased excretion of sodium in urine). This hormone is called atrial 
natriuretic factor (ANF) or atrial natriuretic peptide (ANP). 


The actions of ANP include—{1] increase in urinary excretion of sodium by 
increasing glomerular filtration or tubular sodium excretion, [2] decrease in blood 
pressure and [3] inhibition of vasopressin and renin secretion. The decreased renin 
secretion inturn lowers angiotensin II formation and aldosterone secretion. Thus, the 
actions of ANP are opposite to angiotensin II. 

The secretion of ANP is stimulated when the atria become stretched due to an 
increase in ECF volume or venous return, 


7.20. Growth Factors 


Growth factors are polypeptides and proteins produced in different tissues of the 
body and they mediate various physiological functions. Growth factors should not be 
confused with growth hormone although they are related to some extent in their actions. 
The list of growth factors is increasing day by day. Now the growth factors are also 
included in the endocrine system as local hormones. However, they may act on target 
tissues as hormones through the circulating blood or as autocrine or paracrine agents. 

Growth factors are divided into 3 groups. One group includes agents that help in 
multiplication, growth and development of various tissues ; examples are—nerve growth 
factor (NGF), insulin like growth factors (IGF or somatomedins), epidermal growth 
factor (EGF), ovarian growth factor (OGF) etc. The second group is made up of 
lymphokines and cytokines that are produced by macrophages and lymphocytes ; they 
help in the regulation of the immune system. The third group of growth factors are 
colony stimulating factors that regulate proliferation and maturation of RBC and WBC. 
@ Somatomedins : 

Somatomedins are polypeptide growth factors secreted by liver and other tissues in 
response to stimulation by growth hormone and they mediate the growth promoting 
actions of growth hormone. 

Growth hormone was originally thought to produce growth by a direct action on 
tissue. But now it is believed that majority of the growth promoting actions of growth 
hormone are mediated through secretion of somatomedins. However, some of its 
metabolic actions are direct that do not depend on somatomedins. The somatomedins 
are also called’ insulin like growth factors (IGF) since they are closely related to 
insulin. Somatomedins or IGFs are of two types—IGF-I (also called somatomedin C) 
and IGF-II. The IGF-I is stimulated by growth hormone and it has pronounced growth 
stimulating activity on cartilage, bone and other tissues. The IGF-I may act on the 
tissues through the circulating blood or in a paracrine or autocrine manner. The IGF-II 
is much less affected by growth hormone and plays a role in growth and development 
of the foetus. 
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Table 7.2 : Summary of the major sources, functions and diseases due to 


hypofunction and hyperfunction of different hormones. 


Hormone Hypo- 
(chemical function 
nature) 


[1] GH or STH] Acidophil cells {Growth of bones, muscles and Dwarfism 
(Somatotrophs) | viscera (i.e. overall growth) ; (in young.) 
of anterior promotes protein synthesis ; Acromicria 
pituitary, affects lipid and carbohydrate (in adults) 

metabolism. 


[2] ACTH Basophil cells | Promotes (i) growth of adrenal Addison’s 
(Polypeptide) |(Corticotrophs) | cortex and secretion of disease 
of anterior glucocorticoids from it, (ii) lipolysis 
in liver, (iii) pigmentation of skin 
due to melanin synthesis. Inhibits 
catabolism of glucocorticoids in 
liver. 


[3] TSH Cretinism 
(Glycoprotein) (in young) 
ior pitui Myxoedema 
(in adults) 

[4] FSH 
(Glycoprotein) 

In females—Helps in maturation 

of graafian follicles (oogenesis) and 

secretion of estrogen from it. 


[5] LH Basophil cells In males—Stimulates the Leydig 
(Glycoprotein) |(Luteotrophs) of ſcells to secrete androgens. 
anterior pituitary, 
In females—Helps in ovulation, 
formation of corpus luteum and 
secretion of progesterone from it. 


[6] PRL or Acidophil cells ¶ Helps in development of mammary 
LTH (Protein) | (Lactotrophs) of | glands and milk secretion. Also 
anterior pituitary, helps in the action of LH on ovary. 


[7] MSH or Intermediate lobe] Stimulates melanocyte cells of skin 
Intermedin ituitary. to synthesise melanin for skin 
(Peptide) darkening, 


[8] ADH or i Promotes water reabsorption from 

Vasopressin renal tubules and elevates blood 

(Peptide) i pressure by constriction of 
arterioles. 


[9] Oxytocin {Hypothalamic | Contraction of uterus for parturi- | Delayed 
(Peptide) neurons (stored | tion ; milk ejection from mammary | labor and 
in posterior gland during suckling ; transport of | difficult 
pituitary), sperm in the female tract. breast 
feeding 


Hyper- 
function 


Gigantism 
(in young) 
Acromegaly 
(in adults) 


Cushing’s 
syndrome 


—_— J 
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Hormone Hypo- yper- 
(chemical function function 
nature) 


[10] Thyroxine | Follicular cells {Increases BMR ; helps in carbohy- | Cretinism Thyrotoxi- 
and of thyroid gland, |drate, protein and fat metabolism ; cosis or 
Triiodothy- promotes growth and differentiatia- Graves” 
ronine tion ; helps in functioning of disease 
(Modified various systems. 
amino acid) 


(in adults) 


[11] TCT or 
Thyrocalcitonin| 
(Polypeptide) 


[12] PTH or 
Parathormone 
(Polypeptide) 


Parafollicular 
cells or C-cells 
of thyroid gland, 


Lowers blood calcium and 
phosphate level by preventing bone 
resorption. 


Chief cells of 
parathyroid 
gland, 


Elevates blood calcium and lowers 
blood phosphate level. 


Hypercalce 
mia 


Hypocalce- 
mia and 


Tetany 


Aldosteroni- 
sm (Bartter’s 


[13] Mineralo- 
corticoids 
(Steroid) 


Promotes sodium retention and 
potassium loss through kidneys 
and thereby maintains the electro- 
lyte balance, blood volume, blood 
pressure etc. 


Zona glomeru- 
losa of adrenal 
cortex. 


syndrome) 


Addison's 
disease. 


[14] Glucocor- 
ticoids (Steroid 


Cushing's 
syndrome 


Carbohydrate, protein and fat 
metabolism ; anti-inflammatory 
action, antistress action ; 
permissive action ; haematological 
acions etc. 


Mainly zona 
fasciculata and 
also other layers 
of adrenal cortex. 


Catabolism of glycogen and fat ; 
elevation of blood sugar, cardiac 
output and blood pressure ; effect 
on smooth muscle, 


[15] Adrenalin | Adrenal medulla. 


d- cells of islets |Elevates blood sugar level by 
of Langerhans of| hepatic glycogenolysis and 
pancreas ; gut. |neoglucogenesis ; promotes 
lipolysis and catabolism of proteins. 


Hyperglyce- 
mia 


[16] Glucagon 
(Polypeptide) 


Diabetes 
mellitus 


[17] Insulin 
(Polypeptide) 


B-cells of islets |Inceases permeability of glucose 
of Langerhans of|and amino acids through cell 
pancreas. membrane ; lowers blood glucose ; 
increases utilisation of glucose in 
tissues, synthesis of glycogen, 
protein and fat ; decreases 
glycogenolysis, lipolysis and 
neoglucogenesis. 


Hypoglyce- 
mia 


Inhibits GH release from anterior 
pituitary ; inhibits release of other 
G-I hormones, insulin and 
glucagon ; inhibits secretion of 
gastric juices and motility of 
stomach and gall bladder. 


[18] Somatosta 
tin 
(Polypeptide) 


Hypothalamic 
neurones ;5-cells 
of pancreatic 
islets ; gut. 
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Hypo- Hyper- 
Functions function function 


Leydig cells of | Helps in spermatogenesis ; promo- | Eunuchoidi-] Adrenogeni- 
testis ; adrenal | tes development of accessory sex | sm in males] tal syndrome 
cortex. organs and secondary sex characters in females 
of males ; fusion of epiphysial 
growth centre of long bones ; 
protein anabolism. 


Hormone 
(chemical 
nature) 
[19] Androgeng 
(Steroid) 


Graafian follicle 
of ovary; adrenal 
cortex ; placenta. 


[20] Estrogens 
(Steroid) 


Development of accessory sex 
organs and secondary sex chara- 
cters in females ; control of 
menstrual cycle and maintenance of 
pregnancy ; protein and fat 
synthesis. 


Gynecomas- 
tia in males. 


21] Progeste- 
rone (Steroid) 


Corpus luteum 
of ovary; adrenal 
cortex ; placenta. 


Abortion. | Delayed y 


delivery: 


Development of uterus and 
mammary glands ; maintenance of 
pregnancy. 

Relaxation of pelvic ligament and 
cervix during parturition. 


22] Relaxin 
(Peptide) 


Corpus luteum 
of ovary ; 
uterus ; placenta. 


23] Inhibin 
(Peptide) 


Sertoli cells of 
testis and folli- 
cular cells of 
ovary. 


Inhibits secretion of FSH from 
anterior pituitay. 


24] Gastrin 
(Polypeptide) 


Gastrointestinal 
mucosa. 


Stimulates secretion and motility of 
stomach ; stimulates growth of 
mucosa of stomach and intestine ; 
promotes secretion of insulin and 
glucagon from pancreas. 


[25] Secretin 
(Polypeptide) 


Intestinal 
mucosa. 


Stimulates secretion of liver bile and 
pancreatic juice (water and bicarbo- 
nates) ; inhibits gastric acid 
secretion ; contracts the pyloric 
sphincter. 


[26] CCK-PZ 
(Polypeptide) 


Intestinal 
mucosa 


Promotes secretion of pancreatic 
enzymes and contraction of gall 
bladder ; inhibits gastric emptying ; 
stimulates intestinal motility. 


[27] GIP 
(Polypeptide) 


Intestinal 
mucosa. 


Inhibits secretion and motility of 
stomach; stimulates insulin secretio 
from pancreas. 


[28] VIP 
(Polypeptide) 


Nerves in G-I 
tract. 


Promotes secretion of water and 
electrolytes in intestinal juice ; 
relaxes intestinal smooth muscles ; 
dilates peripheral blood vessels ; 
inhibits gastric acid secretion. 


[29] Motilin 
(Polypeptide) 


Duodenal 
mucosa 


Stimulates contraction of intestinal 
smooth muscles. 


Hormone 
(chemical 


[30] Neuro- 
tensin 
(Polypeptide) 
[31] Trophic 
hormone 
releasing and 
inhibiting 
hormones 
(Peptides) 

32] Melatonin 
(Amine) 


Hypothalamic 
neurones. 


Pineal gland. 


33] HCG 
(Peptide) 


Placenta. 


34] Thymosin 
(Peptide) 

35] Thymin 
(Peptide) 

[36] Angioten- 
si n I (Peptide) 


Thymus gland. 


Thymus gland. 


by the action of 


kidney. 


[37] Erythro- 
poietin 
(Glycoprotein) 


by the action of 
erythrogenin 
secreted from 
kidney. 


Kidney. 


38] Calcitriol 
(Steroid) 
39] Bradykini 
(Peptide) 


sweat glands in 
skin. 

Atrial muscle 
cells of heart. 


Most of the 
tissues. 


40] ANF or 
ANP (Peptide) 


ted fatty acids) 


[42] Growth 
factors 
(Polypeptides) 


Formed in blood 


renin secreted by 


Formed in blood| 


Formed in blood 
by the activity off 


Different tissues. 
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Hypo- 
function 


Hyper- 
function 


Inhibits gastrointestinal motility. 


Control the release of trophic 
hormones from anterior pituitary. 


Exact function in man not known. 
In other vertebrates—inhibits 
gonads and adrenal cortex ; 
mediates the environmental 
photoperiodic influence on gonads. 


Maintains pregnancy by 
stimulating the secretion of 
estrogen and progesterone from 
ovary. 


Promotes lymphocyte formation 
and immunity. 


Inhibits release of acetylcholine 
from the motor nerve ending. 


Stimulates aldosterone secretion Hypertension 
from adrenal cortex ; raises blood 
pressure by vasoconstriction ; 
stimulates ADH secretion and thirst 


mechanism. 


Stimulates erythropoiesis in red bong 
marrow. 


Controls Ca and P meabolism jointl 
with PTH. 

Causes vasodilatation of skin ; 
facilitates heat loss from the body. 


Increases sodium excretion through 
urine ; decreases blood pressure. 


Regulate reproductive functions ; 
act as neurotransmitters ; prevent 
lipolysis ; reduce blood pressure ; 
inhibit gastric HCI secretion ; 
influence smooth muscles. 


Promote growth and development o 
various tissues ; help in immune 

system ; proliferation of RBC and 
WBC. 
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7.21.7. DIFFERENCE BETWEEN ANTERIOR PITUITARY AND POSTERIOR 


PITUITARY 


Origin : From roof of the buccal 
cavity. 
Structure: Glandular, 


Hormones : Secretes seven trophic 


ho bs e.g, GH, ACTH, TSH, 
FSH, LH, PRL, MSH. 


Action : Controls the activity of other 
endocrine glands and also some 
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Anterior pituitary Posterior pituitary 


Origin : From floor of the third 
ventricle of brain, 

Structure : Neural. 

Hormones : Secretes two neuro- 
hormones—ADH and oxytocin. 


Action—Stimulates water 
reabsorption from renal tubules and 
contraction of smooth muscles of 


metabolic activities of the tissues, uterus, mammary gland, blood 


vessels etc. 
7.21.8. DIFFERENCE BETWEEN CRETINISM AND DWARFISM 


1, Cause: Deficiency of thyroid] 1. Cause :Deficiency of growth 
hormone in childhood, hormone in childhood 


2. Symptoms: 2. Symptoms : 

(i) BMR is low. (i) BMR is normal. 

(ii) Mental and sexual maturation is] (ii) Mental and sexual maturation occurs. 
impaired, 

(iii) Skin is dry, wrinkled and thick. 

(iv) Dentition is defective. 

(v) Patient is pot-bellied. 


(iii) Skin is normal. 
(iv) Dentition is normal. 
(v) Patient is not pot-bellied. 


7.21.9. DIFFERENCE BETWEEN VASOPRESSIN AND OXYTOCIN 


It is physiologically active in both 
males and females. 

Its main function is to promote water 
reabsorption from renal tubules and 
vasoconstriction. 


. It is more potent in raising blood 
pressure. 
It is mainly concerned with 
maintenance of fluid balance i.e., 
balance of osmotic pressure and 
volume of blood. 


Itis physiologically active in females 
only. 

Its main function is to contract 
uterine smooth muscles and the 
myoepithelial cells of mammary 
gland. 

It is less potent in raising blood 
pressure, 

It is mainly concerned with child 
birth and breast feeding of infants. 


=$. 
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7.21.10. DIFFERENCE BETWEEN INSULIN AND GLUCAGON 
Glucagon 


Origin : 

Langerhans. 

2. Chemistry : Itis a polypeptide made 
up of 51 amino acids having two 
chains joined by disulfide (S-S) 
linkages. 

3. Functions : 

(i) Itis an anabolic hormone. 

(ii) It lowers blood sugar level. 

(iii) It stimulates glycogenesis, 
lipogenesis and protein synthesis. 

(iv) It inhibits neoglucogenesis. 


7.21.11. DIFFERENCE BETWEEN DIABETES MELLITUS AND DIABETES 
INSIPIDUS 


Diabetes mellitus Diabetes insipidus 


1. Cause : It is caused by deficiency of | 1. Cause: It is caused by deficiency of 
secretion or action of insulin. secretion or action of ADH. 

2. Symptoms : 2. Symptoms: 

(i) Blood sugar level is high i.e., | (i) Hyperglycemia does not occur, 

hyperglycemia occurs. 

(ii) Sugar is excreted through urine i.e., 
glycosuria occurs. 

(iii) Large volume of urine is excreted i.e., 

polyuria occurs but the specific 

gravity of urine is high ie., diuresis 

does not occur. 

(iv) Polydipsia (excessive thirst) and 

polyphagia (excessive hunger) is 

observed. 


7.21.12. DIFFERENCE BETWEEN ORDINARY HORMONES AND 


NEUROHORMONES 
Ordinary hormones 
1. Origin: These hormones are secreted 


1. Origin: These hormones are secreted 
from nerve cells. 


from endocrine glands. 
2, Chemical nature: These may be | 2. Chemical nature : These may be 
peptides or modified amino acids but 


proteins (peptides) or modified amino 
not steroids. 


acids or steroids. 
3. Storage : These may or may not be | 3. Storage : These remain stored within 
the granules of the neurosecretory 


stored in the glands. 
cells. 


4. Control: They are positively under 
neural control. 


Origin : a-cells of islets of 

Langerhans. 

2, Chemistry : It is a single chain 
polypeptide having 29 amino acids 
and no disulfide (S-S) linkage. 


B-cells of islets of 


3. Functions : 

(i) Itis a catabolic hormone. 

(ii) It raises blood sugar level. 

(iii) It stimulates glycogenolysis and 
lipolysis. 

(iv) It stimulates neoglucogenesis. 


(ii) Glycosuria does not occur, 


(iii) Large volume of urine is excreted 
(polyuria) but the urine is dilute 
having low specific gravity i.e., 
diuresis occurs. 

(iv) Polydipsia occurs but polyphagia 
does not occur. 


4. Control : They may or may not be 
under neural control. 
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7.21.13. DIFFERENCE BETWEEN THYROTROPHIN AND THYROXINE 


Origin : It originates from the 
basophil cells called thyrotrophs of 
anterior pituitary. 

Chemical nature : Itis glycoprotein 
in nature. 

Function : 

It maintains the structure and 
function of thyroid gland and thereby 
affects the tissue metabolism 
indirectly. 

It acts through cell membrane bound 
receptors and CAMP. 


Origin : It originates from the 
follicular cells of the thyroid gland. 


Chemical nature : It is a modified 
amino acid. 

Function: 

It affects the tissue metabolism 
directly by modifying the enzymes 
in various tissues. 


It acts through intracellular receptors 
and modulation of genes for protein 
synthesis. 


7.21.14, DIFFERENCE BETWEEN CORTICOTROPHIN AND CORTICOIDS 


Corticotrophin 


1. Origin: It is secreted from 


corticotroph type basophil cells of 


anterior pituitary. 


2. Types: It is a single hormone, i.e., it 


has no types. 

3. Chemical nature : It is a peptide 
hormone. 

4. Function : 

G) It maintains the structure and 
function of adrenal cortex and 
thereby affects the tissue metabolism 
indirectly. 

(ii) It acts through cell membrane 

receptors and CAMP. 


(ii) Itacts through intracellular receptors 


Origin : These are secreted from 
adrenal cortex. 

Types : These are of three types— 
mineralocorticoids, glucocorticoids 
and sex corticoids. 

Chemical nature : These are steroid 
hormones. 

Function: 

It affects tissue metabolism directly 
by modifying the enzymes in the 
tissues. 


and protein synthesis. 


7.21.15. DIFFERENCE BETWEEN ADRENAL CORTEX AND ADRENAL 


MEDULLA 


Adrenal cortex 


1. Location : It is the outer part of 
adrenal gland. 

2. Origin: It is mesodermal in origin. 

3. Structure: It is divisible into three 
layers. 

4. Hormone : It secretes steroid 

hormones. 

Importance : It is essential for life. 


Adrenal medulla 


. Location : It is the inner part of 


Origin: It is ectodermal in origin. 
. Structure : It is not divisible into 


. Hormones : It secretes catecholamine 


Importance: Itis not essential for life. 


adrenal gland. 


layers or parts. 


hormones. 
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7.21.16. DIFFERENCE BETWEEN GLUCOCORTICOIDS AND 
MINERALOCORTICOIDS 


2 


3 


© 


(i) 


Glucocorticoids (GC) 


Origin : GC originate from all the 
three layers of adrenal cortex but 
mainly from zona fasciculata. 
Actions : 

GC exert potent effect on 
metabolism of carbohydrate, protein 
and fat. 

These are less potent in stimulating 
reabsorption of Na from kidney 
tubules. 


(iii) These have anti-inflammatory, 


immunosuppressive, antistress and 
permissive actions. 


(iv) These are less effective in raising 


blood volume and blood pressure. 


. Control : The secretion of GC is 


controlled by pituitary ACTH. 


Mineralocorticoids (MC) 


2: 
(0 


(ii) 


i; 


(iii) They do not have such actions. 


(iv) These are very effective in raising 


Origin : MC originate from zona 
glomerulosa (outermost layer) of 
adrenal cortex only. 

Actions : 

MC are much less potent in affecting 
carbohydrate, protein and fat 
metabolism. 

These are very potent in stimulating 
reabsorption of Na from kidney 
tubules. 


blood volume and blood pressure. 

Control : The secretion of MC is 
controlled by kidney through renin- 
angiotensin mechanism. 


7.21.17. DIFFERENCE BETWEEN SOMATOSTATIN AND SOMATOMEDIN 


Somatostatin 


ii) 


Source : It is secreted from 
hypothalamus, gastrointestinal 
mucosa and D-cells of pancreas. 
Function : 

It inhibits growth by inhibiting the 
secretion of growth hormone from 
anterior pituitary. 

It inhibits secretion of other gastro- 
intestinal and pancreatic hormones. 


Source : It is secreted mainly from 
liver and also from some other 
tissues. 

Function : 

It mediates the growth promoting 
action of growth hormone on target 
tissues ; thus it stimulates growth. 

It is not concerned with regulation of 
secretion of gastrointestinal or 
pancreatic hormones. 


7.21.18. DIFFERENCE BETWEEN IODINE DEFICIENCY GOITRE 
(ENDEMIC GOITRE) AND EXOPHTHALMIC GOITRE (GRAVES’ DISEASE) 


It is a nutritional disorder causing| 1. It is an autoimmune disorder causing 


hypothyroidism. 


hyperthyroidism. 


In this, enlargement of thyroid is not} 2. In this, enlargement of thyroid is 


associated with protrusion of eyeballs. 
Blood levels of Tʒ and T4 are low but 
that of TSH is high. 


2253—78 


3: 


associated with protrusion of eyeballs. 
Blood levels of Tʒ and Ta are high and 
that of TSH is low. 
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Iodine eficiency (endemic) Exophthalmic goitre (Graves’ 
goitre disease 


Itis not caused by secretion of thyroid |4. It is caused by secretion of thyroid 
stimulating immunoglobulins from B- stimulating immunoglobulins from 


lymphocytes. B-lymphocytes. 

It is cured by supplementation of |5. Itis not cured by supplemeatation of 
iodine in diet or treatment with iodine in diet or treatment with 
thyroxine. thyroxine. 


7.22. Matters To Recollect 


Ductless glands are called endocrine glands. 

Secretions of the endocrine glands are called hormones. 

Hormones are also called chemical co-ordinators. 

Hormones are chemically of three types—proteins (or peptides), amino acids or 
their amine derivatives and steroids. 

Hormones secreted by nerve cells are called neurohormones or neurosecretions. 
Hormone secreting nerve cells are called neurosecretory cells. 

Anterior pituitary is often called master gland as it secretes trophic hormones 
which control other endocrine glands. 

The pituitary stalk connects the pituitary with hypothalamus. 

Pituicytes are found in posterior pituitary. 

, Thyroglobulin is the protein present in thyroid follicles, which stores thyroxine. 
Adrenalin is called emergency hormone. 

Goitre (enlargement of thyroid) may be associated with both hypothyroidism and 
hyperthyroidism. 

Insulin is a hypoglycemic hormone. 

Parathyroid glands are located on the dorsal side of thyroid gland. 
Parathormone and thyrocalcitonin control the blood calcium level. 

Adrenal glands are also called suprarenal glands. 

Pregnancy tests are based on presence of HCG in urine. 

The endocrine tissue of pancreas is called islets of Langerhans. 

Adrenal cortex (mineralocorticoid hormone) is essential for life. 


RERRHRG FRARR AHR RARA 


7.23. Summary 


Ductless glands are called endocrine glands which secrete hormones into the 
bloodstream. The hormones act on specific target tissues and modify their activities. 
Hormones are chemically of three types—proteins (peptides), amino acids or amines 
and steroids. They act on target tissues through specific receptors present in the 
cell membrane or cytoplasm or nucleus. Protein and amine hormones act through 
membrane receptors and by modifying the intracellular second messengers (CAMP 
etc.), while steroids and amino acids (thyroxine) act through cytoplasmic or nuclear 
receptors for modifying gene action. The chief endocrine glands of human body 
are—pituitary, thyroid, parathyroid, adrenal, pancreas (islets of Langerhans), testis 
and ovary. Placenta, G-1 tract, hypothalamus pineal, thymus and some other organs 
like kidney, skin and heart also produce some hormones. 
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The pituitary gland is situated at the base of third ventricle of brain. It has two 
parts—anterior and posterior, which are glandular and neural structures respectively. 
The hormones of anterior pituitary are called trophic hormones because they 
regulate the functions of other endocrine glands. There are six trophic hormones : 
(i) STH or growth hormone which stimulates growth of the body as a whole ; 
(ii) TSH or thyrotrophin—it stimulates growth and secretory function of thyroid 
gland ; (iii) ACTH or corticotrophin—which stimulates growth and function of 
adrenal cortex ; (iv) FSH—it stimulates spermatogenesis in males and maturation 
of graafian follicles and secretion of estrogens from them in females ; (v) LH it 
stimulates androgen secretion in males and ovulation, formation of corpus luteum 
and progesterone secretion in females ; (vi) LTH or PRI. it helps in milk formation 
in mammary gland of females. The last three hormones are collectively called 
gonadotrophins (GTH). The posterior pituitary secretes two neurohormones— 
ADH (or vasopressin) and oxytocin. ADH stimulates reabsorption of water in the 
renal tubules. Oxytocin helps in parturition (delivery) and milk ejection by 
contracting the smooth muscles of uterus and mammary gland. 

The thyroid gland is situated in the neck, anterior to the trachea just below the | 
larynx. The chief hormone of thyroid gland is thyroxine which increases BMR, 
heart rate, erythropoiesis, tissue differentiation etc. The thyroid gland also secretes 
thyrocalcitonin which decreases blood calcium level. On the dorsal surface of the 
thyroid gland, four tiny parathyroid glands remain embedded. They secrete 
parathormone that increases blood calcium level. 

Two adrenal glands are situated in the pelvic cavity, one above each kidney. 
These are also called suprarenals and are divisible into an outer cortex and an inner 
medulla. Adrenal cortex secretes three types of steroid hormones :— 
(i) mineralocorticoids, that stimulate reabsorption of Nat and CI“ from the renal 
tubules ; (ii) glucocorticoids, that help in carbohydrate, protein and fat metabolism, 
and have anti-stress action, immunosuppressive action, anti-allergic action etc. ; 
(iii) sex steroids—these are secreted in young subjects mainly, and in adults, this 
function is taken up by the gonads. The chief hormone of adrenal medulla is 
adrenalin which increases cardiac output, blood pressure, respiration, catabolism 
of carbohydrates and lipids, etc. 

The pancreas is an elongated gland situated in the upper abdominal cavity 
transversely between duodenum and spleen. It is a mixed gland because it contains 
both exocrine and endocrine tissues. The endocrine tissue remains as clumps of 
cells called islets of Langerhans which secrete three hormones ; (i) insulin—it is 
an anabolic hormone ; its chief function is to reduce blood sugar level ; 
(ii) glucagon it is a catabolic hormone which tends to increase blood sugar level; 
(iii) somatostatin which inhibits secretion of insulin and glucagon. 

Testis and ovary secrete male and female sex hormones which help in 
development of accessory sex organs and secondary sex characters and maintain 
reproductive functions. Placenta secretes human chorionic gonadotrophin (HCG) 
estrogen, progesterone, placental prolactin and other trophic hormones for 
maintenance of pregnancy and the bodily changes of the mother and the foetus 
during pregnancy. 
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The mucous layer of stomach and small intestine also secretes some hormones 
that are collectively known as gastro-intestinal (G-I) hormones. The hormone of 
stomach is gastrin which stimulates the secretion and motility of stomach, The 
chief intestinal hormones are ; (i) secretin—which stimulates the secretion of liver 
bile and pancreatic juice ; (ii) cholecystokinin-pancreozymin (CCK-PZ)—which 
stimulates the contraction of gall bladder and secretion of enzymes in pancreatic 
juice ; (iii) enterokrinin—which stimulates the secretion of intestinal juice ; 
(iv) villikinin—which stimulates the movement of villi. Other G-I hormones are 
GIP, VIP, motilin etc. 

Hypothalamus secretes several neurohormones known as releasing or inhibiting 
factors. They stimulate or inhibit the release of pituitary trophic hormones 
respectively. The pineal gland secretes melatonin which produces antigonadal 
effects. The thymus secretes thymosin and thymin which helps to increase body 
immunity and regulate neuromuscular transmission respectively. Prostaglandins 
are local hormones produced in almost all tissues ; they regulate metabolic activities 
_and the smooth muscles. 


7.24. Naming / Discovery / Discoverer 

[1] R. J. Graves (1797-1853) discovered ‘exophthalmic goitre’ (Graves’ disease). 

[2] A. A. Berthold (1849) first gave an idea about endocrine gland and showed 
that the testis releases something into the blood that maintains male behavior and 
secondary sex character. 

[3] Thomas Addison (1855) described the main symptoms of deficiency of adrenal 
cortex (Addison disease). 

[4] Brown-Sequard showed that adrenal glands are essential for life and their 
removal leads to death. 

[5] Paul Langerhans (1869) discovered islets tissue of pancreas which was named 
islets of Langerhans. 

[6] Wharton first described the thyroid gland. 

[7] Mering and Minkowski (1889) first reported that surgical removal of pancreas 
leads to diabetes mellitus. 

[8] Baumann (1895) observed an extra ordinary high concentration of iodine in the 
thyroid gland. 

[9] Oliver and Schafer (1895) demonstrated the vasopressor effects of adrenal 
extracts that led to isolation of epinephrine. 

[10] Pende introduced the term endocrinology. 

[11] Bayliss and Starling (1905) first discovered ‘Secretin’ as an animal hormone, 
and Starling (1905) coined the word ‘hormone 2 

[12] E. S. Schafer (1910) proposed the term ‘autacoids’ and divided them into 
hormones (stimulatory agents) and chalones (inhibitory agents). 

[13] Kendall (1919)—discovered thyroxine and obtained it in pure form from thyroid 
gland, Kendall also isolated the fundamental corticoids. 
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[14] Banting and Best (1922)—discovered insulin. 
[15] Aschheim and Zondek (1927) discovered HCG is the urine of pregnant animals. 


[16] Harvey Cushing (1932) described the symptoms of hyperactivity of adrenal 
cortex (Cushing's disease). 


[17] von Euler (in 1930s) discoverd and named prostaglandin. 


[18] Sanger (1952) discovered the process of amino acid sequencing of a protein 
using the protein hormone insulin. 


[19] Simpson et.al. (1953) discovered aldosterone. 


[20] E.W. Sutherland (1960) proposed the role of cyclic AMP (CAMP) as the 
second messenger of hormone action. 


[21] Hirsch et. al. (1963) discovered thyrocalcitonin. 


[22] Steiner et. al. (1967) discovered proinsulin from which insulin is formed in $- 
cells of pancreatic islets. 


7.25. Some Diseases (Or Disorders) Associated With Endocrine Glands 


[1] Acromegaly or Acromacria—Disease caused by overproduction of GH in 
adults. 


[2] Acromicria—Disease produced by hyposecretion of GH in adults. 

[3] Addison’s disease—Disease caused by hyposecretion or hypofunction of ACTH 
and/ or glucocorticoids (cortisol). 

[4] Adrenomegaly—Abnormal enlargement of the adrenal gland. 

[5] Adrenogenital syndrome or Adrenal virilism—Excessive production of adrenal 
sex steroids (androgens) leading to development of masculine characters in females. 

[6] Galactorrhoea syndrome—Disorder caused by hypersecretion of PRL 
characterized by infertility and expression of milk drops from breasts without pregnancy 
and child birth. 

[7] Aldosteronism—Abnormality of mineral metabolism due to excessive secretion 
of aldosterone. It may be primary aldosteronism (due to defects in adrenal cortex 
itself) or secondary aldosteronism (due to defects in some extra- adrenal tissue). 

[8] Bartter’s syndrome—Elevated aldosterone level due to hyperplasia of 
juxtaglomerular apparatus. Itis a secondary aldosteronism due to hyperactivity of renin- - 
angiotensin system. 

[9] Basedow’s disease—Thyrotoxicosis or disease caused by hyperthyroidism (or 
Graves disease). 

[10] Conn’s syndrome—Primary aldosteronism due to adrenal tumors. 

[11] Cretinism—Disease caused by hyposecretion of thyroid hormone in the young. 

[12] Cushing’s syndrome—Disease caused by hyperactivity of ACTH and/or 
glucocorticoids (cortisol). 

[13] Diabetes insipidus—Disease caused by deficient secretion of ADH due to 
lesion in hypothalamus or posterior pituitary. 
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[14] Diabetes mellitus—Disease produced by deficiency of secretion or action of 
insulin, It may be of two types- insulin dependent diabtes mellitus (IDDM in which 
insulin secretion is low) and non-insulin dependent diabetes mellitus (NIDDM in 
which there is a tissue insensitivity to insulin). 

[15] Dwarfism—A disease characterized by retarded growth so that the person 
remains abnormally undersized. It may be due to hyposecretion of GH from pituitary 
in childhood (pituitary dwarfism) or GH insensitivity of the tissues in childhood due 
to low GH receptors eventhough GH secretion is normal (Laron’s dwarfism). 

[16] Gigantism—Abnormal overgrowth (or tallness) of the body due to 
hypersecretion of GH in the young. 

[17] Goitre—Non-inflammatory, non-neoplastic enlargement of the thyroid gland 
which appears as a swelling of the neck. It is mainly of two types—simple goitre 
(which is not associated with hypersecretion of thyroxine, as seen in iodine deficiency 
ie., endemic goitre or colliod goitre) and toxic goitre (which is accompanied by 
hypersecretion of thyroxine). 

[18] Graves disease (or Exophthalmic goitre)—It is an autoimmune disease in 
which hyperthyroidism is associated with protrusion of eyeball (exophthalmos) and 
enlargement of thyroid (goitre). It is also called thyrotoxicosis or toxic goitre or 
Basedow’s disease. It is caused by secretion of a thyroid stimulating immunoglobulin 
(TSI) by the B-lymphocytes. 

[19] Hashimoto’s disease (or Hashimoto’s thyroiditis) An autoimmune disease 
of thyroid in which specific immunoglobulins that damage the thyroid gland are 
produced in the body leading to hypothyroidism. 

[20] Myxoedema—Disease produced by hypofunction of thyroid gland in adults. 

[21] Nelson’s syndrome—A condition of ACTH secreting pituitary tumor caused 
by removal of bilaterally hyperplastic adrenals and characterized by hyperpigmentation 
of skin. 

[22] Panhypopituitarism (or Simmonds disease)—A condition of anterior pituitary 
insufficiency involving all the hormonal functions of the gland caused by destruction 
of pituitary due to hemorrhage or infarction. It is characterized by slowly progressing 
weakness, weightloss and mental deterioration. 

[23] Pheochromocytoma—Tumor of chromaffin tissue of adrenal medulla. 

[24] Sheehan’s syndrome—A condition of pituitary insufficiency occurring in 
females after severe hemorrhage or shock at delivery, with failure of lactation, loss of 
body hair and amenorrhoea. 


7.26. Answers To Some Special Questions 


[1] What is endocrine gland? [J.E.E. 1992] 
Ans. An endocrine gland is a ductless gland which pours the secretion directly into 
the blood. The secretion is called hormone which has some definite physiological 
actions. 
[2] Who discovered (i) Hormone, (ii) Insulin? [J.E.E. 1996] 
Ans. (i) Hormone—Bayliss and Starling. 
(ii) Insulin—Banting and Best. 


[3] 


Ans. 


{4] 


[5] 


[6] 


Ans. 


170 


Ans. 
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(a) Which animal hormone was discovered first ? (b) Write its origin and 
function. 

(a) Secretin. . 

(b) Secretin originates (i.e., it is secreted) from small intestinal mucosa. It 
stimulates secretion of bile from liver as well as secretion of bicarbonate and 
water in the pancreatic juice. 


(a) What are hormones ? (b) In what important respect do these differ 
from enzymes and which particular biochemical property is shared by 
both of them ? (c) Name one reproductive hormone produced by the 
pituitary. 

IJ. E. E. 1995] 
(a) Hormones are organic compounds chat are produced in small quantities in 
one part of an organism and are transported through blood to other parts where 
they exert specific effects. 
(b) Difference—Hormones influence the biochemical reactions of the metabolic 
pathways indirectly by modifying the action of the enzymes whereas the enzymes 
influence the biochemical reactions directly by binding the substrates. 
Similarity—Both hormones and enzymes are required in very small quantities 
and they influence specific reactions ie., they show specificity of action. 
(c) Follicle stimulating hormone (FSH). 


Name two endocrine glands of man. [J.E.E. 1996] 
Ans. Thyroid, Adrenal. 


(a) Mention the chemical nature of animal hormones ? [J. E. E. 1994 ; 98] 
(b) What are neurohormones 2 IJ E. E. 1994] 
(a) Animal hormones may be of three types chemically : 

(i) Protein or peptide e.g., hormones of pituitary, pancreas etc. 

(ii) Modified amino acids e. g., thyroxine, adrenalin etc. 

(iii) Steroids e.g., adrenal corticoids and sex hormones. 

(b) Hormones released from neurons are called neurohormones that are carried 
by blood to control some physiological functions. Example—ADH, Oxytocin, 
Adrenalin etc. 


How hormones act on target organs 2 [J. E. E. 1987] 
Each hormone acts on its specific target organs due to the presence of specific 
receptors in those organs. The receptor may be present on the plasma membrane 
of the cell or inside the cell i-e., in the cytoplasm or nucleus. These receptors 
are protein in nature. For action of the hormones, they first bind with their 
receptors which causes some intracellular changes to produce the tissue response. 
Protein, peptide and amine hormones bind with the membrane receptors which 
by modifying the intracellular CAMP (cyclic AMP) concentration produces 
their effects. Steroids and thyroxine on the other hand, bind with intracellular 
receptors which by modifying the action of certain genes (DNA) stimulate the 
production of some enzyme proteins that finally produce the effects of the 
hormone. 
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The mechanism of hormone action is summarised below :— 


Protein or Peptide Steroid and Thyroid hormone 
or Amine hormones 


Enters the target cell cytoplasm 
and combines with the receptor. 
Binds with the receptor 
on plasma membrane 
of target organ cells. 
The receptor-hormone complex 
undergoes changes and the hormone is 
carried into the nucleus. 
Activates the enzyme 
adenyl cyclase in 
cell membrane. 
Modulates action of 


genes (DNA). 
Adenyl cyclase converts ATP to 
CAMP to increase intracellular CAMP Increases synthesis 
concentration which activates the of enzyme proteins. 


inactive protein kinases. 


[8] 


Ans, 


Action of the hormone. 


Activation or inactivation of 
various enzymes. 


Action of the hormone. 


Locate and give one function of the following endocrine glands in man : 
(a) Thyroid, (b) Adrenal gland, (c) Islets of Langerhans. IJ. E. E. 1990] 
(a) Thyroid : Location—On the either side of the upper border of trachea, just 
below the larynx. 

Function—It secretes thyroxine which increases BMR by stimulating the 
metabolism of carbohydrate, fat and protein in the body. 

(b) Adrenal gland: Location—On the upper pole of each kidney. 
Function—It secretes corticoid and catecholamine hormones which control 
metabolism of carbohydrate, protein, fat, mineral and water and also helps to 
fight against stress. 

(c) Islets of Langerhans : Location—In the pancreas, surrounded by exocrine 
tissue (acini). 

Function—Secretes insulin and glucagon which decreases and increases blood 
sugar level respectively. 
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(a) Name the hormones produced by Islets of Langerhans. 

(b) What is prostaglandin ? [J.E.E. 1992] 
(a) Insulin, Glucagon, Somatostatin. 

(b) Prostaglandin is a local hormone secreted from various tissues. It is a product 
of polyunsaturated fatty acids and have various local actions. 

Describe the functions of (a) FSH, (b) LH, (c) LTH. [J.E.E. 1995] 
(a) FSH—In females, it helps in formation and maturation of graafian follicles 
and secretion of estrogen from them. In males, it induces development of 
seminiferous tubules and production of sperms in them. 

(b) LH—In females, it helps in formation and persistence of corpus luteum 
and secretion of progesterone from it. In males, it stimulates secretion of 
testosterone from the interstitial cells of Leydig. 

(c) LTH—It promotes development of breast (mammary gland) and secretion 
of milk from it. It also helps in formation of corpus luteum and secretion of 
progesterone from it. 

Write the full names of— 

(a) TSH, FSH, LH IH. S. 1989] ; (b) ACTH [J.E.E. 1992 ; H.S. 1999] ; 
(e) ADH, STH [Tripura H.S. 1997] ; (d) ICSH [Tipura H.S. 1998] ; 
(e) CCK-PZ ; (f) VIP; (g) GIP; (h) MSH ; (i) PG ; (j) HCG ; (k) PRL ; 
(1) LTH (m) GH; (n) GTH [H.S. 1987] ; (o) TCT; (p) PTH ; (q) DOPA 
[J.E.E. 1994]. 

(a) TSH—Thyroid stimulating hormone. FSH—Follicle stimulating hormone. 
LH—Luteinising hormone. 

(b) ACT! H—Adrenocorticoirophic hormone. 

(c) ADH—Antidiuretic hormone ; STH—Somatotrophic hormone. 

(d) ICSH—Interstitial cell stimulating hormone. 

(e) CCK-PZ—Cholecystokinin-pancreozymin. 

(f) VIP—Vasoactive intestinal peptide. 

(g) GIP—Gastric inhibitory peptide. 

(h) MSH—Melanocyte stimulating hormone. 

(i) PG—Prostaglandin. 

(j) HCG—Human chorionic gonadotrophin. 

(k) PRL—Prolactin. 

(1) LTH—Luteotrophic hormone. 

(m) GH—Growth hormone. 

(n) GTH—Gonadotrophic hormone. 

(0) TCT—Thyrocalcitonin. 

(p) PTH—Parathormone. 

(q) DOPA—Dihydroxy phenyl alanine. 

(a) Name the hormones secreted by the posterior pituitary. (b) State the 
normal- and hypo-function of those hormones. [J.E.E. 1986] 
(a) (i) Antidiuretic hormone (ADH) or Vasopressin and (ii) Oxytocin. 

(b) ADH : Normal function—(i) It stimulates reabsorption of water from the 
distal and collecting tubules of kidney. (ii) It causes vasoconstriction and thereby 
raises blood pressure. Hypofunction of ADH produces diabetes insipidus in 
which large amount of dilute urine is excreted i.e., diuresis occurs. 
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Oxytocin: Normal function—(i) It stimulates uterine contraction during 
parturition. (ii) It causes milk ejection during suckling. (iii) It helps in transport 
of sperm in the female tract. 
Hypofunction of oxytocin produces delayed parturition and difficulty in breast 
feeding due to insufficient milk ejection. 
(a) Name the hormones of posterior pituitary. (b) What are their functions? 
[J.E.E. 1993] 
(a) See answer to Q-12 (a). 
(b) See answer to Q-12 (b) [Mention the normal functions only]. 
Name two hormones secreted by anterior pituitary gland in man and 
mention one important function of each. [J.E.E. 1996] 
(i) ACTH or Adrenocorticotrophic hormone At regulates growth and secretory 
function of adrenal cortex. 
(ii) TSH or Thyroid stimulating hormone it stimulates growth and secretory 
function of thyroid gland. 
(a) Name the hormones secreted from the thyroid gland. (b) What condition 
is seen in children and adults because of hypoactivity of thyroid ? 
[J.E.E. 1994] 


. (a) Thyroxine (T4), Triiodothyronine (T3) and thyrocalcitonin (TCT). 


(b) In children—Cretinism ; In adults—Myxoedema. 
(a) What will happen when parathormone secretion is less ? (b) Name two 
hormones which act on renal tubules. [J.E.E. 1991] 


. (a) In deficiency of parathormone, the hood calcium level will fall 


(hypocalcemia) which will result in neuromuscular hyperexcitability leading to 
a clinical condition called tetany. 

(b) Vasopressin (ADH) and Aldosterone. 

Name any two cell layers of adrenal cortex and the hormones secreted 
from them, [J.E.E. 1995] 


Name of layers Name of hormones 


(i) Zona glomerulosa — Aldosterone, Deoxycorticosterone. 

(ii) Zona fasciculata — Cortisol. Cortisone. 

(a) What are catecholamines ? (b) Where are they stored? [J. E. E. 1995] 
(a) Catecholamines are amine derivatives of catechol compounds derived from 
the phenolic amino acid tyrosine. They include adrenalin (or epinephrine), 
noradrenalin (or norepinephrine) and dopamine which act as neurotransmitters 
or neurohormones. 

(b) Catecholamines are stored in adrenal medulla (inner portion of adrenal gland) 
and some nerve endings (e.g., sympathetic postganglionic nerve endings). 
State the sites of synthesis of epinephrine. IJ. E. E. 1987] 
Adrenal medullary cells and sympathetic post- ganglionic neurons. 

(a) What is glucagon ? (b) From which gland and which cells is it secreted ? 
(c) What is its function ? [J.E.E. 1986] 
(a) Glucagon is a polypeptide hormone. 

(b) It is secreted from the a-cells of islets of Langerhans of pancreas gland. 
(c) Functions of glucagon—(i) It stimulates glycogenolysis in liver to add 
glucose to blood i.e., it increases blood sugar level. (ii) It stimulates 
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neoglucogenesis in liver to convert amino acids to glucose and glycogen. (iii) It 
increases BMR. 


(a) What is insulin ? (b) Where is it formed ? [J.E.E. 1989] 
(a) Insulin is a protein (peptide) hormone containing two peptide chains joined 
by disulfide bridges. 


(b) It is formed in the g- cells of islets of Langerhans of pancreas. 

(a) Name the hormone which lowers the blood sugar level. (b) Where from 
the hormone is secreted ? [J.E.E. 1995] 
(a) Insulin, (b) B-cells of islets of Langerhans of pancreas. 

What are the hormones produced in the pancreas gland ? Which cells are 
responsible for their formation ? [J. E. E. 1988] 


Name of the hormones Cells responsible for their formation 

(i) Glucagon. a-cells of islets of Langerhans. 

(ii) Insulin.. 2 B-cells of islets of Langerhans. 

(iii) Somatostatin......... d- cells of islets of Langerhans. 

(a) What is the average blood sugar level ? (b) Mention the name of the 

hormones regulating blood sugar level. (c) How can the urine of a patient 

with diabetes mellitus be differentiated from that of diabetes insipidus ? 
[J. E. E. 1996] 


(a) 80-100 mg/100 ml blood. 

(b) Insulin, Glucagon, Growth hormone, Glucocorticoids, Thyroxine, Adrenalin. 

(c) Urine of diabetes mellitus shows presence of glucose and higher specific 

gravity. Urine of diabetes insipidus does not contain glucose ; it is much dilute 

and large in volume with low specific gravity. 

(a) What is placenta ? (b) State the functions. (c) Name the hormones 

secreted by it. [J.E.E. 1992] 

(a) Placenta is a highly vascular embryonic structure closely associated with 

the endometrium of uterus of the mother which forms anatomical and functional 

link between the mother and the foetus. 

(b) The placenta serves as an organ of exchange of materials between the 
maternal and foetal blood and thereby supports nutrition, respiration and 
excretion of the foetus. It also secretes some hormones for maintenance of 
pregnancy and parturition. 

(c) Hormones of Placenta—(i) Human chorionic gonadotrophin (HCG), 
(ii) Chorionic (or placental) growth hormone or prolactin, (iii) Oestrogen, 
(iv) Progesterone and (v) Relaxin. 

Name four local hormones of gastro-intestinal tract. [J.E.E. 1995] 
(i) Gastrin, (ii) Secretin, (iii) Cholecystokinin-Pancreozymin (CCK-PZ) and 
(iv) Villikinin. 

What is hypophyseal portal system 2 [J.E.E. 1992] 
The hypophyseal portal system is the blood vessel which carries blood from the 
median eminence of hypothalamus to the pars distalis of anterior pituitary, having 
capillary plexus at both the ends. It drains hypothalamic releasing hormones to 
the anterior pituitary for regulation of the trophic hormones. - 


1244 
[28] 


Ans. 
[29] 


Ans. 


A TEXT BOOK OF BIOLOGY 


Name two glands in the human body which have both endocrine and 
exocrine functions. [J.E.E. 1987] 
Pancreas, Stomach, Small intestine, Testis. (Any two) 

(a) What do you mean by hypophysis ? (b) Where is it situated in human 
body ? (c) Mention the different parts. (d) Name two trophic animal 
hormones, [J.E.E. 1997] 
(a) Hypophysis means the pituitary gland. 

(b) It is situated at the base of brain, within a cup shaped cavity of sphenoid 
bone called sella turcica. 

(c) The hypophysis has two main parts 

(i) adenohypophysis or anterior pituitary which consists of pars distalis, pars 
tuberalis and pars intermedia. 

(ii) Neurohypophysis or posterior pituitary which includes pars nervosa, 
infundibulum (neural stalk) and median eminence. 

(d) Adrenocorticotrophic hormone (ACTH), Thyroid stimulating hormone 
(TSH). 


[30] (a) Mention the location of thyroid in your body. (b) Mention one hormone 
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secreted by thyroid gland with two important functions. (e) What is Graves’ 
disease ? [J.E.E. 1997] 
(a) See answer to Q-8 (a). i 

(b) Hormone of thyroid—Thyroxine ; Function of thyroxin—(i) Increases BMR 
by calorigenesis. (ii) Helps in growth and differentiation of tissues and also 
metamorphosis of tadpoles. 

(c) Graves’ disease is an autoimmune disease in which goitre (enlargement of 
thyroid gland) is associated with exophthalmos (protrusion of eyeballs). It is 
also called exophthalmic goitre. In this disease, there is hyperactivity of thyroid 
gland (i. e., high blood level of T4 and T3) but the blood level of TSH is low. 
What is ACTH ? From which gland it is secreted ? [H.S. 1996] 
ACTH or adrenocorticotrophic hormone is a peptide hormone which controls 
the structure and function of the adrenal cortex. It is secreted from anterior 
pituitary gland. 

Name a hormone secreted by each of the adrenal, testis and ovary and 
mention one important function of each of these hormones. H. S. 1997] 
Adrenal—Its one hormone is aldosterone which stimulates reabsorption of salt 
and water from the renal tubules, 

Testis—Its hormone is testosterone which causes growth of accessory sex organs 
and development of secondary sex characters of males. 

Ovary—lts one hormone is oestrogen which causes growth of accessory sex 
organs and development of secondary sex characters of females. 

Why pituitary gland is called the master gland ? H. S. 1999] 
The pituitary gland is called master gland' (or bandmaster of the endocrine 
orchestra’) because it controls most of the other endocrine glands by secreting 
the trophic hormones. 

(a) What is acromegaly ? (b) What is prostaglandin ? [J.E.E. 1997] 
(a) Acromegaly is an endocrine disorder caused by hypersecretion of growth 
hormone in adults. The symptoms are overgrowth of extremities and flat bones 
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of face, rib etc. It leads to enlargement of hands, feet and lower jaw, thickening 
of the fingers and subcutaneous tissue of the hand, feet, scalp, nose, forehead 
etc., so that the patient assumes a gorilla-like appearance. 
(b) See answer to Q-9 (b). 
Name a hormone which regulates the metabolism of vitamin D. 

[J-E.E. 1997] 
Parathormone (PTH). 


(a) What is the literal meaning of the term hormone ? (b) Which hormone 

was first isolated ? (c) Islets of Langerhans is situated in which part of 

pancreas mainly ? (d) Name the hormone secreted by Delta cells of pancreas. 

(e) What is the normal blood sugar level ? (f) When glucose appears in the 

urine ? [J-E.E. 1998] 

(a) The term hormone literally means ‘to exite’ or ‘to arouse to activity’ or ‘to 

set in motion’. 

(b) Secretin. 

(c) In the tail part of pancreas. 

(d) Somatostatin. 

(e) 80-100 mg/100 ml of blood. 

(f) Glucose appears in urine in diabetes mellitus when due to lack of insulin the 

blood sugar level exceeds 180 mg/100 ml. 

What is diabetes mellitus ? [J.E.E. 1998] 

Diabetes mellitus is a pathological condition due to deficiency of insulin secretion 

and is characterized by hyperglycemia and glycosuria as a consequence of 

disordered carbohydrate metabolism. 

(a) Name the location of pituitary gland. (b) Name the hormones coming 

from posterior pituitary. (e) Mention two important functions of oxytocin. 

(d) Name the disease caused due to lack of ADH. [J.E.E. 1998] 

(a) See answer to Q-29 (b). 

(b) ADH or vasopressin and oxytocin. 

(c) Functions of oxytocin—(i) It causes strong contractions of the pregnant 

uterus for expulsion of foetus at the end of pregnancy. (ii) It helps in milk 

ejection during suckling due to contraction of myoepithelial cells of the 

mammary gland. 

(d) Diabetes insipidus. 

(a) Name the classical hormones of Islets of Langerhans. (b) Who first 

discovered insulin? (e) What is the normal blood sugar level ? (d) When 

does sugar appear in urine ? (e) What is the cause of diabetes insipidus ? 
[J-E.E. 1999] 

(a) Insulin and Glucagon. (b) Banting and Best. (c) See answer to Q-36 (e). 

(d) See answer to Q-36 (f). (e) Failure of secretion and action of ADH (or 

vasopressin) of posterior pituitary. 

(a) In which endocrine disease BMR is low ? (b) In which endocrine disease 

BMR is high ? [J. E. E. 1999] 

(a) Myxoedema or cretinism. (b) Graves disease. 
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[41] (a) State the location of hypophysis. (b) What is intermedin ? (c) State the 
cause and symptoms of myxoedema. (d) (i) Name the smallest endocrine 
gland of human body. (ii) Name the hormone secreted by it. [J.E.E. 1999] 

Ans. (a) See answer to Q-29 (b). 

(b) Intermedin is the hormone secreted from the pars intermedia (or intermediate 
lobe) of anterior pituitary. It is also called MSH (Melanocyte stimulating 
hormone) and is peptide in nature. 

(c) Cause of Myxoedema—Hypothyroidism in adult stage. 

Symptoms of Myxoedema (i) Swollen puffy oedematous Mongloid type face. 
(ii) Dry, thick skin, (iii) Swelling of tongue. (iv) Low BMR, (v) Falling of hairs 


etc. 

(d) (i) Pineal gland. (ii) Melatonin. 
[42] Name the catecholamines. [J.E.E. 1999] 
Ans. Adrenalin (Epinephrine), Noradrenalin (Norepinephrine) and Dopamine. 
[43] (a) From where thyroxine and STH are secreted ? H. S. 1998] 


Ans. (a) Thyroxine is secreted from the follicular cells of thyroid gland. STH is 
secreted from the somatotroph type acidophil cells of anterior pituitary. 
[44] Name a chemical which is both neurotransmitter and neurohormone. 
Ans. Adrenalin. 
[45] What is gonadotrophic hormone ? Mention its source. [H.S. 1992] 
Ans. The hormone controlling the function of gonads (testis and ovary) is called 
gonadotrophic hormone. Its source is anterior pituitary. 
[46] Name the main hormones regulating blood calcium level and mention their 
origin and effects on blood calcium level. 


Ans. 
Name of the hormone] Origin EES 
(i) Parathormone Chief cells of the para- It increases the blood 
(or PTH) thyroid gland. calcium level. 
(ii) Thyrocalcitonin Parafollicular cells of the | It decreases blood calciu 
(or TCT) thyroid. level. 


[47] Name the hormones stimulating glycogenolysis. 
Ans. Adrenalin and Glucagon. 
[48] Name three hormones stimulating protein synthesis in the body. 
Ans. Growth hormone, Insulin, Androgen. 
[49] Mention the names of two hormones which stimulate neoglucogenesis. 
Ans. Glucagon, Glucocorticoids. ; 
[50] Name four hormones which increase BMR (or calorigenesis). 
Ans. Thyroxine, Triidothyronine, Adrenalin, Glucagon. 
[51] Name five hormones that raise blood pressure. 
Ans. Adrenalin, Noradrenalin, Vasopressin, Thyroxine, Angiotensin. 
[52] (a) What is thyroglobulin ? (b) Which mineral element is present in 
thyroxine ? 
Ans. (a) Thyroglobulin is the colloidal material which fills the thyroid follicles. It is 
a protein within which thyroid hormones (T4 and T3) remain stored. 
(b) Iodine. 
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What is the main source of aldosterone ? 

Zona glomerulosa of adrenal cortex. 

Name the widest layer of adrenal cortex and the main hormone secreted 

from it. 

Widest layer of adrenal eortex is zona fasciculata (the middle layer). The main 

hormone secreted from it is cortisol, a glucocorticoid. 

What is adrenal virilism ? 

Adrenal virilism is a pathological condition of development of facial hair (male 

character) in a female due to excess secretion of male sex hormone from the 

adrenal cortex. 

Which hormone is called emergency hormone and why 7 

The adrenal medullary hormone adrenalin is called emergency hormone because 

it helps the body to fight against (or to adjust with) the emergency conditions 

by increasing circulation and respiration along with the activity of skeletal 

muscles, eyes etc. 

Name the hormones secreted from (i) ‘C’-cells of thyroid gland and 

(ii) ‘D’-cells of pancreatic islets. 

(i) Thyrocalcitonin, (ii) Somatostatin. 

What are (i) HCG and (ii) Inhibin ? 

G) HCG or human chorionic gonadotrophin is a peptide hormone secreted from 

the chorion and placenta. It helps to maintain pregnancy by prolonging the life 

of the corpus luteum. 

(ii) Inhibin is a peptide hormone secreted by the Sertoli cells present within the 

seminiferous tubules of testis and follicular cells of ovary. It inhibits secretion 

of FSH from anterior pituitary. 

What is known as temporary endocrine gland and why ? 

Placenta is considered as a temporary endocrine gland because it is found in 

women during gestation period (i.e., pregnancy) only, when it secretes some 

hormones for maintenance of pregnancy. 

What is seasonal endocrine gland ? 

The pineal gland is considered as the seasonal endocrine gland because in 

seasonally breeding animals, this gland remains functionally active in non- 

breeding (hibernating) season only, when it suppresses the reproductive 
functions. 

Name the hormones produced by the action of kidney. 

Angiotensin and Erythropoietin. 

What are autocrine secretion and autacoid ? 

Autocrine secretion means a chemical messenger secreted from a cell which 
acts on the same cell. 

Autacoid means a self acting drug. These are diverse substances produced by 
wide variety of cells in the body, having intense biologic activity, but generally 
they act locally. 

What is Houssay animal ? 

A hypophysectomised and pancreatectomised animal is called Houssay animal. 
What are pituitrin, pitressin and pitocin ? 

Pituitrin is the trademark for the preparation of posterior pituitary extracts for 
injection containing both vasopressin and oxytocin. 
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Pitressin is the trademark for a solution containing vasopressin for injection, 
Pitocin is the trademark for a solution containing oxytocin for injection. 

[65] Why in clinical practice thyroxine and steroids can be administered orally, 
but insulin can be administered by injection only ? 

Ans. Thyroxine and steroids can be administered orally because they are directly 
absorbed from the alimentary canal without being digested and degraded. On 
the other hand, insulin being a protein cannot be given orally because it is 
digested and thus inactivated in the alimentary canal. So, insulin has to be given 
by injection only. 

See eee EXERCISERS eee 


@ A. Long answer type: 

[1] What is an endocrine gland ? Show the positions of human pituitary, parathyroid and adrenal 
glands with the help of a diagram. Name the hormone of thyroid gland and write its functions. 
[Tripura H.S. 1986] (Ans. 7.2 ; 7.4 ; 7.6 ) 
[2] Why pituitary is called master gland ? Where is it located ? Mention the functions of any four 
hormones liberated from it. [Tripura H.S. 1982](Ans. 7.26 ; Q—33 ; 7.5) 
[3] Name the hormones of posterior pituitary. Mention the normal- and hypo-functions of those 
hormones. [J.E.E. 1986] (Ans. 7.26 Q-12) 
[4] Describe the histological structure of anterior pituitary gland. (Ans. 7.5.1) 
[5] What are hormones ? Give a brief description of the functions of any three hormones in man. 
[H.S. 1986] (Ans. 7.3; 7.5.1) 
[6] Name the anterior pituitary hormones and write the functions of any one of them.(Ans. 7.5.1) 
[7] What is the source of STH ? What are its main functions ? IJ. E. E. 1983] (Ans. 7.5.1) 

[8] What are the full names of ACTH and TSH ? Write their origin and functions in the body. 
(Ans. 7.5.1) 
[9]: What are gonadotrophins ? Write what you know about their functions, (Ans. 7.5.1) 
[10] Write the name and position of the gland which secretes thyroxine, What is the effect of its 
hypersecretion ? [Tripura H.S. 1983] (Ans. 7.6) 
[11] How the hormones act on target organs ? State the sites of synthesis and functions of epinephrine. 
IJ. E. E. 1987] (Ans. 7.26 Q-7 ; 7.8) 


[12] Name the hormones of thyroid gland. Describe briefly their functions. (Ans. 7.6) 
[13] Describe the origin and functions of thyroxine. [H.S. 1979] (Ans. 7.6) 
[14] Describe the position and functions of adrenal gland. (Ans. 7.8) 
[15] Give a brief description of the functions of adrenal cortical hormones. (Ans. 7.8) 
[16] Describe the functions of adrenal medullary hormones in brief. (Ans. 7.8) 
[17] Write the location of pancreas and functions of its hormones in man. (Ans. 7.9) 
[18] What are the diseases that occur due to hyposecretion of thyroxine and parathormone ? Write 
the source and functions of parathormone. (Ans. 7.6; 7.7) 

[19] What are gastro-intestinal hormones ? Write the source and functions of any one of these, 
(Ans. 7.12) 
[20] What is the full name of CCK-PZ ? Discuss the origin and function of it. (Ans. 7,12) 


[21] What is adrenalin ? Mention four of its functions in man. [Tripura H.S. 1987] (Ans. 7.8) 

[22] Mention the positions of thyroid, parathyroid and adrenal in a man. Write the functions of 

STH. [H.S. 1990] (Ans. 7.6 ; 7.7 ; 7.8 ; 7.5.1) 

[23] Describe the functions of placental hormones. [J-E.E. 1990] (Ans. 7.11) 
[24] What is placenta ? State its functions. Name the hormones secreted by it. 

[J-E.E. 1992] (Ans. 7.11) 

[25] What is endocrine gland ? Name the hormones produced by Islets of Langerhans. Write full 

name of ACTH. What is prostaglandin ? IJ. E. E. 1992] (Ans. 7.26 Q-1, 9, 11) 

[26] What is gonadotrophic hormone ? Name its source. Describe briefly the role of this hormone 

on the female animal. IH. S. 1992] (Ans, 7.5.1) 
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Mention the characteristics of animal hormone. Point out the difference with enzyme. Explain 
with the help of two examples of each. [H.S. 1992] (Ans. 7.3.1 ; 7.21.4) 
Name the hormones of posterior pituitary. What are their functions ? 
[J.E.E. 1993] (Ans. 7.5.2) 
Mention the chemical nature of animal hormones. What are neurohormones ? Name the 
hormones secreted from thyroid gland. What condition is seen in children and adults because 
of hypoactivity of thyroid ? (Ans. 7.26 Q-6,15) 
Where do you find thyroid glands in human body ? Name the hormone of the thyroid gland. 
Describe the function of the thyroid gland in human body. III. S. 1994] (Ans. 7.6) 
From where thyroxine and STH are secreted ? What are the main functions of thyroxine and 
STH? H. S. 1998] (Ans. 7.6 ; 7.5.1 ) 
Name the hormones produced from the thyroid and adrenal medulla and mention the functions 
of those hormones. [Tripura H.S. 1996] (Ans. 7,6 ; 7.8 ) 
(a) What are catecholamines ? (b) Where are they stored ? (c) Enumerate the functions of 
epinephrine. [J.E.E. 1996] (Ans. 7.26 Q-18 ; 7.8) 
(a) Name the hormone which lowers the blood sugar level. (b) Where from that hormone is 
secreted ? (c) Describe its functions. [J.E.E. 1995] (Ans. 7.9) 
Describe the functions of (a) FSH, (b) LH and (c) LTH. [J-E.E. 1995] (Ans. 7.26 Q-10) 
(a) What do you mean by hypophysis ? (b) Where is it situated in the human body ? (c) Mention 
the different parts. (d) Name two trophic animal hormones. I. E. E. 1997] (Ans. 7.26 Q-29) 
(a) Mention the location of thyroid gland in your body. (b) Mention one hormone secreted by 
thyroid gland with two important functions. (c) What is Graves disease ? 
IJ. E. E. 1997] (Ans. 7.26 Q-30) 
Write down the location of adrenal gland. Which hormone influences this gland ? Name the 
hormone secreted by adrenal medulla and state its functions. H. S. 2002] (Ans. 7.8, 7.5.1) 


© B. Short answer type: 
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What is the meaning of the term ‘endocrine gland’ ? (Ans. 7.2) 
What are the full names of GTH and ADH ? III. S. 1987] (Ans. 7.26 Q-11) 
Name the anterior pituitary hormones, Why these are called trophic hormones ? 


{Tripura. H.S. 1980] (Ans. 7.5.1) 

What is thyrocalcitonin ? Mention its function. (Ans. 7.6) 

Name the clinical conditions produced by hypo-and hyper-secretion of STH from anterior 

pituitary of children. (Ans. 7.5.1) 

What is acromegaly ? Which hormone is responsible for it ? (Ans. 7.5.1) 
What are neurohormones ? Name two neurohormones and the places of their origin. 

H. S. 1979] (Ans. 7.5.2) 

What are diabetes mellitus and diabetes insipidus ? Deficiency of which hormones are responsible 


for these ? (Ans. 7.5.1 57.5.2) 
Name the disease caused by hypersecretion of thyroid. Mention the symptoms of this disease. 

(Ans. 7.6) 
What happens due to hyposecretion of thyroxine in children ? Mention its symptoms. 

(Ans. 7.6) 
What is goitre ? Why does it occur ? (Ans. 7.6) 
Where are the parathyroid glands located in man ? Name the hormone of it and its deficinecy 
disease. (Ans. 7.7) 
Name two hormones which act on renal tubules. [J.E.E. 1991] (Ans. 7.26 Q-16b) 
Why pancreas is called ‘mixed gland’ ? (Ans. 7.9) 
What hormones are libreated from islets of Langerhans. [J.E.E. 1984] (Ans. 7.9) 
What is insulin ? Where is it formed ? [J.E.E. 1989] (Ans. 7.9) 
What is the cause of diabetes mellitus ? H. S. 1984] (Ans. 7.9) 


From which cells glucagon is produced ? What are its functions ? 
IH. S. 1984 ; J.E.E. 1986] (Ans. 7.9) 
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[19] 


[20] 
12¹¹ 
[22] 
[23] 


[24] 


[25] 
[26] 
[27] 
[28] 
[29] 
[30] 
[31] 
[32] 
[33] 
[34] 


[35] 


[36] 
[37] 
[38] 


[39] 
[40] 


[41] 
[42] 


[43] 
[44] 


[45] 


[46] 


[47] 


[48] 
[49] 
[50] 
[51] 
[52] 
[53] 
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Name two glands in human body which have both exocrine and endocrine functions. 
[J.E.E. 1987] (Ans. 7.26 Q-28) 


Write the full names of TSH and ADH. [H.S. 2006] (Ans. 7.26 Q-11) 
From where secretin is secreted and what are its functions ? IH. S. 1985] (Ans. 7,12) 
What is the full name of TSH and its function ? I. S. 1989] (Ans, 7.5.1) 
What are hormones produced in the pancreas gland ? Which cells are responsible for their 
formation ? [J.E.E. 1988] (Ans. 7.26 Q-23) 
Locate and give one function of the following glands—(a) Thyroid, (b) Adrenal gland, 


(c) Islets of Langerhans. What are catecholamines ? [J.E.E. 1990] (Ans. 7.26 Q-8 ; 18) 
What will happen when parathormone secretion is less? [J.E.E. 1991] (Ans. 7.26 Q-16a) 


What is ACTH ? [H.S. 1994] (Ans. 7.5.1) 
What is hypophyseal portal system ? [J.E.E. 1992] (Ans. 7.26 Q-27) 
What is ACTH From which gland it is secreted ? [H.S. 1996] (Ans. 7.5.1) 
Why pituitary gland is called the ‘Master gland’ ? [H.S. 1999] (Ans. 7.26 Q-33) 
Write the full name of—ADH, STH and FSH. [Tripura H.S. 1996] (Ans. 7.26 Q-8) 
Write the full name of ACTH. [Tripura H.S. 1997] (Ans. 7.26 Q-8) 
Write the full name of—ADH, ICSH and STH. [Tripura H.S. 1998] (Ans. 7.26 Q-8) 
Name four local hormones of gastro-intestinal tract. [J.E.E. 1995] (Ans. 7.12) 
(a) What are hormones ? (b) In what important respect do these differ from enzymes and which 


particular biochemical property is shared by both of them ? Name one reproductive hormone 
produced by the pituitary. [J.E.E. 1995] (Ans. 7.26 Q-4) 


Name any two cell layers of adrenal cortex and the hormones secreted from them. 
[J.E.E. 1995] (Ans. 7.26 Q-17) 
Give the full name of FSH. [J.E.E. 1996] (Ans. 7.26 Q-8) 
Who discovered—(i) Hormone, (ii) Insulin? [J.E.E. 1994 ; 96] (Ans. 7.26 C-) 
(a) What is the average blood sugar level ? (b) Mention the name of the hormones regulating 
the blood sugar level. (c) How can the urine of a patient with diabetes mellitus be differentiated 
from that of a patient with diabetes insipidus ? IJ. E. E. 1996] (Ans. 7.26 Q-24) 
Name two endocrine glands in man. [J.E.E. 1996] (Ans. 7.26 Q-5) 
Name two hormones secreted by anterior pituitary gland in man and mention one important 
function of each. IJ. E. E. 1997] (Ans. 7.5.1) 
(a) What is acromegaly ? (b) What is prostaglandin 2 [J.E.E. 1997] (Ans. 7.26 Q-34) 
(a) What is the literal meaning of the term hormone ? (b) Which hormone was first isolated ? 
(c) Islets of Langerhans’ is situated on which part of the pancreas mainly ? (d) Name the 
hormone secreted by Delta cells of the pancreas, [J.E.E. 1998] (Ans. 7.26 Q-36) 
What is diabetes mellitus? [J.E.E. 1998] (Ans. 7.26 Q-37) 
(a) Name the location of pituitary gland. (b) Name the hormones coming from posterior pituitary. 
(c) Mention two important functions of oxytocin. (d) Name the disease caused due to lack of 
ADH. [J.E.E. 1998] (Ans. 7.26 Q-38) 
(a) Name the classical hormones of Islets of Langerhans. (b) Who first discovered insulin ? 
(c) What is the normal blood sugar level ? (d) When does sugar appear in urine ? (e) What is the 
cause of diabetes insipidus ? U IJ. E. E. 1999] (Ans. 7.26 C- 39) 
(a) In which endocrine disease B MR is low ? (b) In which endocrine disease BMR is high? 
JE. E. 1999] (Ans. 7.26 C- 40) 
(a) State the location of hypophysis ? (b) What is intermedin ? (c) State the cause and symptoms 
of myxoedema. (d) (i) Name the smallest endocrine gland of human body. (ii) Name the hormone 
secreted by it. [J.E.E. 1999] (Ans. 7.26 Q-41) 
Name the catecholamines. IJ E. E. 1999] (Ans. 7.26 Q-42) 
From which glands ACTH and relaxin are secreted ? H. S. 2003] (Ans. Table 7.2) 
What is gonadotrophic hormone ? What is its source ? [H.S. 2004] (Ans. 7.5.1) 
Write the full name and soure of GTH. [J.E.E. 2002] (Ans, 7.5.1) 
Name the hormones secreted from the anterior pituitary gland. IJ. E. E. 2003] (Ans. aod) 


Write the full name of STH. What is the effect of hypersecretion of STH in adults ? 
IJ. E. E. 2004] (Ans. 7.5.1) 


[54] 


[55] 


ENDOCRINE SYSTEM 1251 


Mention the cause of following diseases— (i) Graves discase, (ii) Myxoedema. 

t [J.E.E. 1994] (Ans. 7.6) 
(i) State the source of thyroxine and its deficiency symptoms in children (ii) Write the full 
name of TSH. What happens when itis secreted in excess. IJ. E. E. 2005] (Ans. 7.6 ; 7.5.1) 


C. Distinguish between: 


11 
[2] 
[3] 
[4] 
[5] 
[6] 
7] 
[8] 
[9] 
[10] 
111 
[12] 
_ 03] 
n4 
[15] 


Ordinary hormone and Neurohormone. (Ans. 7.21.12) 
Vasopressin and Oxytocin. (Ans. 7.21.9) 
Glucocorticoids and Mineralocorticoids. (Ans. 7.21.16) 
Insulin and Glucagon. (Ans. 7.21.10) 
Diabetes insipidus and Diabetes mellitus. (Ans. 7.21.11) 
Enzyme and Hormone. [Tripura H.S. 1984] (Ans. 7.21.4) 
Hormone and Vitamin. [J.E.E. 1988] (Ans. 7.21.3) 
Nervous system and Endocrine system. (Ans. 7.21.1) 
Local hormone and Trophic hormone. (Ans. 7.21.5) 
Dwarfism and Cretinism. (Ans. 7.21.8) 
Exocrine gland and Endocrine gland. [J.E.E. 1997] (Ans. 7.21.2) 
Anterior pituitary and Posterior pituitary. (Ans. 7.21.7) 
Iodine deficiency goitre and Exophthalmic goitre. (Ans. 7.21.18) 
Somatostatin and Somatomedin. (Ans. 7.21.17) 
STH and GTH. (Ans. 7.21.6) 


© D. Write short notes on: 


n] 


Trophic hormones. (Ans. 7.5.1). [2] Neurohormone [H.S. 1984, 2004] (Ans. 7.3.2). [3] Master 
gland (Ans. 7.5.1). [4] ACTH [Tripura H.S. 1984] (Ans. 7.5.1). [5] Insulin [H.S. 1984] (Ans. 
7.9). [6] ADH (Ans. 7.5.2). [7] PTH (Ans. 7.7). [8] Acromegaly (Ans. 7.5.1). [9] Myxoedema 
(Ans. 7.6). [10] Diabetes mellitus (Ans. 7.9). [11] Placenta [J.E.E. 1987] (Ans. 7.11). 
[12] GTH [H.S. 1987] (Ans. 7.5.1). [13] Gastrin (Ans. 7.12). [14] Adrenalin [H.S. 1999] 
(Ans. 7.8). [15] Thyroxine [H.S. 2001, 2003] (Ans. 7.6). 


0 E. Complete the sentences with suitable answers from those given in parentheses : 


ul 
[2] 
[3] 
[4] 
[5] 
[6] 
7] 
[8] 
[9] 
[10] 
m 
[12] 
[13] 
[14] 
151 
[16] 
017] 
[18] 
u9] 
[20] 


The chief growth promoting hormone of man is . (TSH/STH/ACTH/GTH) 
The milk secreting hormone is . (MSH/PRL/LH) 
Hormone responsible for milk ejection is . (prolactin/oxytocin/thyroxine) 
Thyroid gland is located in . (neck/chest/abdomen) 
Adrenal gland is situated in .(brain/ches/abdomen) 
Cretinism is due to hypoactivity of (thyroid / adrenal / testis) 
Blood Ca- lowering hormone is «(TCT/TSH/PTH) 
Blood sugar lowering hormone is . (glucagon/insulin/adrenalin) 
Insulin is secreted from (alpha / beta / delta) cells of islets of Langerhans. 
Adrenalin is secreted from adrenal . (cortex/medulla) 
Cushing’s disease is due to secretion of adrenal cortex. (excess / less) 
Glucagon blood sugar level. (increases/decreases) 
Melatonin is secreted by gland, (pituitary/pincal/thyroid) 
is called master gland. (Adrenal/Pituitary/Thyroid) 
Adrenal cortex secretes . (catecholamines/steroids/amino acids) 
Starling coined the term . (hormone/neurchormone/thyroxine/adrenalin) 
TSH is secreted from thyroid /testis / anterior pituitary) 
HCG is secreted from . (pituitary/testis/ovary/placenta) 
is a G-I hormone. (GTH/GH/CCK-PZ) 


is a second messenger for hormone action. (ATP/CAMP/DNA/RNA) 
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@ F. Fill in the blanks : 


11 
121 
BI 
(4] 
[5] 
[6] 
171 
[8] 
[9] 
1101 
m] 
112] 


Hormones secreted by nerve cells are called * 
The pituitary gland remains attached to hypothalamus by 

The other name of growth hormone of pituitary is 

Excess secretion of STH in adults leads to. 


Graafian follicle is matured by the -————of pituitary. 

Milk ejection is controlled by ————of- pituitary. 

The hormone called is secreted from land and elevates blood calcium level. 
is a disease caused by hyposecretion of T4 in young. 

G- cells of islets of Langerhans secrete 


Secretin is secreted from: 
Thyroxine ———BMR. 
hormone causes bone resorption. 


© G. Choose the correct answer: Multiple choice type questions: 


16} 
[2] 
[3] 
[4] 
[5] 
[6] 
(7) 


[8] 
[9] 
110 


1111 
[12] 
13] 
[14] 
[15] 
[16] 
[17] 


[18] 


Which the following glands secrete biogenic amines— 
(a) pituitary, (b) adrenal medulla, (c) testis, (d) parathyroid ? 
Which of the following does not secrete steroid hormone—(a) adrenal, (b) pancreas, (c) placenta, 
(d) testis ? 
Which of the following endocrine glands is affected by iodine deficiency—(a) adrenal, 
(b) thyroid, (e) pancreas, (d) pineal. 
In which of the following diseases, the nerves and muscles become highly irritable— 
(a) myxoedema, (b) dwarfism, (c) tetany, (d) diabetes mellitus ? 
In which of the following diseases there is a tendency of retention of water in the body 
(a) tetany, (b) myxoedema, (c) diabetes insipidus, (d) Graves disease ? 
Which of the following hormones causes contraction of gall bladder—(a) thyroxine, 
(b) adrenalin, (c) secretin, (d) cholecystokinin ? 
When a normal toad is injected with adrenalin, it nos a) systolic arrest, (b) diastolic arrest, 
(c) sustained increased in heart rate, (d) increase in heart rate at first and then decrease in heart 
rate. 
The posterior pituitary: (a) produces ADH and oxytocin, (b) secretes trophic hormones, (o) is 
controlled by hypothalamic releasing hormones, (d) secretes neurohormones. 
Parathormone : (a) is produced by thyroid gland, (b) stimulates calcitonin release, (c) helps in 
calcification of bones, (d) is released when blood calcium level falls. 
Which of the following is true for both aldosterone and adrenalin ? 
(a) They are secreted from adrenal cortex (b) They increase blood pressure. (c) They are 
controlled by ACTH. (d) They are secreted in response to sympathetic nerve stimulation. 
All steroid hormones are : (a) secreted from adrenal cortex, (b) produced from cholesterol, 
(c) concerned With sex functions, (d) essential for life. 
Which of the following is a peptide hormone—(a) insulin, (b) cortisol, (c) thyroxine, 
(d) adrenalin ? 
Which of the following is a neurohormone—(a) adrenalin, (b) ACTH, (c) glucagon, 
(d) calcitonin ? 
Which of the following hormones is not secreted from adrenal cortex—(a) cortisol, 
(b) Testosterone, (c) corticosterone, (d) Corticotrophin ? 
Which of the following does not increase blood sugar level—(a) adrenalin, (b) glucagon, 
(c) thyroxine, (d) parathormone ? 
The blood level of Tʒ and T4 is high in; (a) tetany, (b) endmic goitre, (c) exophthalmic goitre, 
(d) myxoedema. 
Which of the following is a glucocorticoid—(a) deoxycorticosterone, (b) glucagon, 
(c) aldosterone, (d) cortisone ? 
The delta cells of islet of Langerhans secretes : (a) glucagon, (b) somatostatin, (c) somatomedin, 
(d) insulin. 


[19] 
[20] 
[21] 
[22] 
[23] 
[24] 


[25] 
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Which of the following hormone is not secreted from basophil cells of anterior pituitary— 
(a) STH, (b) ACTH, (c) TSH, (d) GTH ? 

Which part of adrenal gland secretes aldosterone—(a) zona glomerulosa, (b) zona fasciculata, 
(c) zona reticularis, (d) adrenal medulla ? 

Which of the following hormones does not cause lipolysis—(a) adrenalin, (b) glucagon, 
(c) insulin, (d) thyroxine ? 

Which of the following hormone is not concerned with growth (a) thyroxine, (b) insulin, 
(c) somatotrophin, (d) oxytocin ? 

Smooth delivery of the baby is facilitated by : 

(a) FSH, (b) LH, (c) relaxin, (d) prolactin. 

Which hormone does not affect smooth muscle contraction—(a) adrenalin, (b) prostaglandin, 
(c) oxytocin, (d) insulin 7 

Which of the following hormones is found in females only (a) thyroxine (b) oxytocin (c) FSH, 
(d) LH ? 


o H. Write whether the following statements are ‘true’ or false“: 


1 
[2] 
[3] 
[4] 
[5] 
[6] 
[7] 
[8] 
[9] 
[10] 
[11] 
[12] 
1131 
[14] 
[15] 
[16] 
17] 
[18] 
[19] 
[20] 


ADH increases blood pressure. 

Pineal gland secretes prolactin. 

Thyroxine helps in metamorphosis in toad. 

Adrenalin stimulates growth. 

Glucagon is a hyperglycemic hormone. 

Insulin stimulates neoglucogenesis. 

Adrenal medulla is controlled by ACTH. 

Adrenal cortex is essential for life. 

Tetany is caused by deficiency of thyroxine. 

Secretin has choleretic action. 

Gastrin is a catecholamine. 

Prostaglandins are trophic hormones. 

Thyroid hormones affect general metabolism. 

Pancreatic hormones increase heart rate. 

LH is also called ICSH. 

Thyroxine is required for normal development of brain. 

Patients with diabetes mellitus show hypoglycemia and glycosuria. 
Suckling stimulates secretion of oxytocin. 

Endocrine control is integrated with neural control at the level of hypothalamus. 
Tą is more potent than T3. 


Answers to Q. Nos. of E, F, G and H 


[1] STH. [2] PRL. [3] Oxytocin. [4] Neck. [5] Abdomen. [6] Thyroid. [7] TCT. [8] Insulin. 
[9] Beta. [10] Medulla. [11] Excess. [12] Increases. [13] Pineal. [14] Pituitary. [15] Steroids. 
[16] Hormone. [17] Anterior pituitary. [18] Placenta. [19] CCK-PZ. [20] CAMP. 

[1] Neurohormones. [2] Pituitary stalk. [3] Somatotrophin. [4] Acromegaly. [5] FSH, Anterior. 
[6] Oxytocin, Posterior. [7] Parathormone, Parathyroid gland. [8] Cretinism. [9] Glucagon. 
[10] Small intestine. [11] Increases. [12] Parathormone. 

III (b). [2] (b). [3] (b). [4] ©). [5] (b). [6] (d). [7] (a). [8] (d). [9] (d). [10] (b). [11] (b). 
[12] (a). [13] (a). [14] (d). [15] (d). [46] (c). [17] (d). [18] (b). [19] (a). [20] (a). [21] (0). 
[22] (d). [23] (c). [24] (d). [25] (b). 

[1] True. [2] False. [3] True. [4] False. [5] True. [6] False. [7] False. [8] True. [9] False. 
[10] True. [11] False. [12] False. [13] True. [14] False. [15] True. [16] True. [17] False. 
[18] True. [19] True. [20] False. 


Excretory System 


Topics Discussed ; Introduction ; Excretory (urinary) system ; The kidneys (anatomy and internal structure); 
Nephron (microscopic structure) ; Functions of kidney (nephron) ; Normal and abnormal constituents of 
urine ; Accessory excretory organs and their role in excretion ; A few comparisons. 


8.1. Introduction 


Excretion means removal of waste products of metabolism from the body. Various 
waste matters, ie., toxic and unwanted materials are continuously produced in the 
body as by-products of metabolism. If allowed to accumulate, these would prevent 
normal functioning of the body leading to serious consequences. In order to get rid 
of this, the metabolic wastes are removed from the body as early as possible ; this 
is called excretion. It is to be noted that egestion (or defecation) i.e., removal of the 
undigested food residues from the gut, is not regarded as excretion because the food 
residues are not by-products of metabolism. However, the fecal matter contains some 
excretory materials (metabolic wastes) poured into the gut through the digestive 
juices, 

In man, kidneys are the chief excretory organs which eliminate about 75% of the 
metabolic wastes from the body in the form of urine. Skin, lungs, G-I tract and 
digestive glands like liver and salivary glands also play some role in excretion. 


8.2. Excretory System : Renal System or Urinary System 


The organs concerned with formation and discharge of urine are collectively 
known as ‘urinary system’. It is composed of the kidneys and the duct system 
connecting them with the exterior ; hence it is also called ‘renal system’. In man, the 
excretory system means the renal (or urinary) system because most (75%) of the 
excretory materials present in blood are 
eliminated through urine. 

® Anatomical organization: The 
urinary system of man consists of a pair 
of kidneys, a pair of ureters, a urinary 
bladder and a urethra. Of these, the 
kidneys are concerned with formation of 
urine while remaining ones are concerned 
with transport and discharge of urine. The 
kidneys are bean-seed shaped, dark-red 
coloured structures situated in the 
bladder abdominal cavity, one on either side, of 

Urethra the vertebral column just below the ribs. 
A narrow efferent duct, about 35 cm in 
Fig. 8.1 : Urinary (renal) system of man. length, called ureter emerges from each 


Venacava 


Diaphragm \ Abdominal aorta 
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kidney and descends to open into the urinary bladder postero-laterally. The urinary 
bladder is a hollow, muscular, sac-like organ located in the pelvis for storage of 
urine. The muscles present on the wall of the urinary bladder (called detrusor 
muscles) are smooth and involuntary in nature like those of other visceral organs. 
Contraction of these muscles help in micturition or urination (emptying of the urinary 
bladder) which occurs from time to time when the bladder is filled with urine. From 
the lower end of the urinary bladder emerges the urethra which opens to the exterior. 
The urethra of a male differs from that of a female. The male urethra is relatively 
longer (about 20 cm) and it passes through the prostate gland and penis for opening 
to the exterior. While crossing the prostate, the urethra receives the ejaculatory duct 
of the male reproductive system. Thus, the male urethra is a urinogenital duct (i.e. 
common to both urinary and genital systems). On the other hand, the female urethra 
is only about 4 cm in length and opens to the exterior separately, above the vaginal 
orifice in vulva. 


8.3. The Kidneys i 


@ Anatomy: In man, the two kidneys are located near the dorsal wall of the lower 
abdomen, one on either side of the vertebral column, extending from 12th thoracic to 
3rd lumbar vertebra. The right kidney is placed slightly lower than the left one, and is 
slightly smaller in size. The average weight of each kidney of an adult man is about 
150 g while that of an adult woman is roughly 135 g. Each kidney is 10-12 cm long, 
5-6 cm wide and 3-4 cm thick and is covered by a fibrous capsule. The medial side of 
kidney (i.e., the side facing the vertebral column) shows a depression called hilum (or 
hilus) of the kidney through which the renal artery enters into the kidney and the renal 
vein and ureter emerge from it. 


Fig. 8.2 : Longitudinal section of kidney. 


@ Internal structure : Examination of a longitudinal section of kidney with naked 
eyes reveals that the hilus leads into a central recess (or cavity) known as renal sinus 
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which is almost entirely filled by the expanded upper end of ureter called renal pelvis 
and the large renal vessels. Within the renal sinus, the renal pelvis divides into 2 or 3 
large branches that are termed major calyces (singular major calyx). Each major calyx 
divides again into several short branches called minor calyces ; there are about 7 to 13 
minor calyces in all. 

The main bulk of the kidney tissue is distinguishable into a dark-red outer (peripheral) 
zone. the renal cortex, and a pale inner zone, the renal medulla. The renal medulla is 
divided into a number of (5 to 15) conical masses termed renal pyramids having their 
broad bases directed towards the cortex and blunt apices or renal papillae projected 
into the minor calyces. The pyramids appear to be radially striated due to the presence 
of straight renal tubules and blood vessels in them. The apices of the pyramids (i. e., the 
papillae) are perforated through which the renal tubules open into minor calyces. The 
renal cortex lies just beneath the fibrous capsule, arches over the bases of the pyramids 
and dips in between the adjacent pyramids towards the renal sinus. The cortical parts 
dipping in between the pyramids are named renal columns or columns of Bertin 
which separate the pyramids. The cortex contains mainly the malpighian corpuscles, 
the convoluted tubules and the blood vessels supplying them. The malpighian 
corpuscles and renal tubules collectively constitute the ‘nephrons’. 


8.4. Nephron 


Nephrons are structural and functional units of kidney. These are minute tortuous 
tubules, one end of each of which opens into the minor calyx and the other end lies in 
the cortex as a blind swelling. The average length of a nephron is 5 em and each kidney 
contains about 1 million nephrons. They are very closely packed and bound together 
so that it is difficult to visualize the structure of a complete nephron by examining a 
cross section of the kidney microscopically. In 1842, Bowman described the structure 
of a nephron. About 85% of the nephrons are called cortical nephrons as they originate 
in the cortex and their major portions lie in the cortical region. The remaining 15% 
nephrons originate in the inner part of the cortex adjacent to medulla and their greater 
portions lie in medulla or corticomedullary junction ; hence these are referred to as 
‘medullary’ or ‘juxta-medullary’ nephrons. 


8.4.1. MICROSCOPIC STRUCTURE OF A NEPHRON 


Each nephron consists of two main parts—[1] the malpighian (or renal) corpuscle 
and [2] the renal tubule. The structure of these two parts are completely different 
because they differ in their functions. Their structures are described below : 

[1] Malpighian corpuscle : These are small rounded massess visible in the cortical 
tissue only (i. e., in renal cortex and columns). Their average diameter is about 200 um 
(0.2 mm). Each malpighian corpuscle is composed of two parts Bowman's capsule 
and glomerulus. 

[A] Bowman’s capsule : It is the blind, expanded end of the renal tubule. It is 
considered as the first part of a nephron because formation of urine begins from here. 
It is a double layered, funnel (or cup) shaped, membranous structure which envelops a 
capillary-tuft called glomerulus. Its outer layer is continuous with the tubular wall and 
is called parietal layer while the inner layer close to the glomerulus is called visceral 
(or glomerular) layer. These two layers are fused together at the vascular pole of the 
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capsule (i.e., at the point of entry and exit of blood vessels to and from the capsule, 
which is opposite to that at which the capsule is connected with renal tubule). The 
space between the parietal and visceral layers of the capsule is continuous with the 
lumen of the renal tubule: Both the layers of the Bowman’s capsule are lined by a 
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Fig. 8.3 : Structure of a nephron showing the cells present in its different parts. 


single layer of epithelial cells placed on an underlying basal lamina (or basement 
membrane). In the parietal layer, the cells of the lining epithelium are of squamous 
type whereas the visceral layer is lined by specialized cells called podocytes. The 
basal lamina of the visceral layer underlying the podocytes fuses with that of the 
glomerular capillaries. The visceral cell layer itself is not continuous because the 
podocytes are connected to the basal lamina by a series of cytoplasmic projections 
called ‘end feet’ or ‘pedicels’ having narrow gaps in between them. 


[B] Glomerulus : It is a tuft of capillaries held together by scanty connective tissue 
and placed within the invagination of the Bowman’s capsule. The glomerulus is derived 
from an afferent arteriole which is a small subdivision of the renal artery. The afferent 
arteriole on entering the Bowman’s capsule breaks up into some 20-40 capillary loops. 
They reunite to form the efferent arteriole which leaves the capsule. The glomerular 
capillaries are not simple independent loops but form a freely branching anastomotic 
network. In majority of the glomeruli, particularly in those of the cortical nephrons, the 
efferent arterioles are narrower than their corresponding afferent arterioles. This 
arrangement helps in the maintenance of a much higher pressure in the glomerular 
capillaries than in capillaries elsewhere. This high capillary pressure is well adapted 
for the filtration function which the glomeruli subserve. 
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The glomeular capillaries are lined by a layer of endothelial cells lying on a basal 
lamina which remains fused with the basal lamina of the podocytes. Thus, the podoytes 
of the visceral layer of Bowman’s capsule and the endothelium of the glomerular 
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Fig. 8.4 : [A] Relationship between visceral layer of Bowman’s capsule and glomerular 
capillary ; [B] A part of it (podocyte cell) highly magnified. 

capillaries together with the common (fused) basal lamina lying in between them 
constitute the so called glomerular filtering membrane. The endothelium of the 
glomerulus is finely fenestrated (i. e., contains fine pores). Therefore, the ‘fused basal 
lamina’ of the podocytes and endothelium is the ¢.ily barrier to the passage of fluid 
from the capillary lumen to the cavity of Bowman’s capsule, and this is the actual 
filtering membrane of the glomerulus which acts like a selective filter as will be 
discussed later. 

[2] Renal tubule :The long, narrow and coiled tube-like part of a nephron arising 
from the Bowman’s capsule and ending into the minor calyx is called renal tubule. 
Structurally, it is divisible into the following four parts in sequence. 
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Fig. 8.5 : [A] Brush bordered cell in the proximal convoluted tubule ; [B] Cell lining the 
descending limb of Henle’s loop. 


[A] Proximal (first) convoluted tubule : It is the first part of the renal tubule 
whose lumen is continuous with that of the Bowman’s capsule. It lies in the cortical 
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region. This part is highly coiled and hence it is so named. It is lined by a single layer 
of cuboidal or truncated pyramidal epitheloid cells with their narrow ends towards the 
lumen. The luminal borders of these cells are striated or brush bordered due to the 
presence of numerous microvilli which enormously increase the surface area. This 
indicates that the cells have considerable absorptive functions. These cells contain a 
large number of mitochondria which support the ‘active transport’ carried out by the 
cells. i 

[B] Henle’s loop (or loop of Henle) : The part lying next to the proximal convoluted 
tubule is not convoluted and is U-shaped. It proceeds towards the medulla and then 
again turns back as a straight tubule. So, its first half is called descending limb and the 
second half is named ascending limb. In cortical nephrons (whose malpighian 
corpuscles lie in the outer two thirds of the cortex), the loops of Henle are relatively 
short. Some of these nephrons may have their loops lying entirely within the cortex. 
Others have loops which penetrate the medulla to varying depths. In case of 
juxtamedullary nephrons (that have malpighian corpuscles lying in the inner one thirds 
of the cortex), the loops of Henle are long which penetrate the medulla almost entirely, 
some extending upto the tips of the papillae. 

The outer portions of both the descending and the ascending limbs lying in the 
cortex (i.e., the first part of the descending limb and the last part of the ascending limb) 
are more or less similar to the proximal convoluted tubule in diameter. Whereas the 
inner portion of the loops lying in medulla is relatively narrower and it is referred to as 
the thin segment. So, the cortical nephrons have relatively shorter thin segments and 
those originating most peripherally may even have no thin segment at all, as their 
entire loop of Henle lies in the cortex. Conversely, in juxta-medullary nephrons, the 
loops of Henle are almost entirely thin as they remain dipped in the medulla. The thick 
(cortical) portions of the Henle’s loop are lined by a layer of cuboidal epithelium 
containing relatively fewer mitochondria and microvilli ; however the latter do not 
form brush border. The lining epithelium of the thin segment is of pavement type ; the 
cells are flattened and thin except in the nuclear region which bulges into the lumen. 

[C] Distal (second) convoluted tubule : The portion of the renal tubule next to the 
ascending limb of Henle’s loop again becomes convoluted and hence it is named distal 


Mitochondri Golgi ti 
itochondria olgi apparatus, villi 


Golgi apparatus 


Mitochondria 7 Microvilli À 


2 


ement Nucleus Capillary 
membrane B endothelium 


Basement membrane _ Capillary endothelium 


Fig. 8.6 : Cell lining the ascending limb of Henle’s loop [A] and distal convoluted tubule [B]. 
(second) convoluted tubule. Like the proximal convoluted tubule, the distal convoluted 
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tubule also lies in the cortex but the latter is relatively shorter and its convolutions are 
less complex. The distal tubule is lined by cuboidal epithelium which on its luminal 
surface contains only a few microvilli and thus lacks a brush border. These cells also 
contain a number of mitochondria. 

The first part of the distal convoluted tubule passes through the vascular angle 
formed by the afferent and efferent arterioles of the parent glomerulus and makes a 
close contact with afferent arteriole. In this region of contact, the distal tubular cells are 
tall, i.e., columnar rather than cuboidal and are densely packed, forming a plaque called 
the macula densa. Some afferent arteriolar cells of this region are modified and are 
named juxta-glomerular cells (JG cells). In the vascular angle, another type of 
specialized cells called lacis cells are interspersed between the macula densa and the 
JG cells. The three aforesaid types of cells namely macula densa cells, JG cells and 
lacis cells are granular and have a specialized secretory function. They collectively 
constitute the so called juxta-glomerular apparatus and secrete a proteolytic enzyme 
called renin into the bloodstream. 

[D] Collecting tubule : This is a straight tubule extending from cortex to medulla, 
During its course, it receives the distal 
tubules of several nephrons. It is lined by 
simple cuboidal epithelial cells. In the 
medulla, the collecting tubules fuse to form 
short, wider ducts known as ducts of Bellini 
which inturn lead to the minor calyces at 
the tip of the papillae. 

The etferent arteriole emerging from the 
glomerulus again breaks up into a second 
capillary network which surrounds the renal 
tubule and is known as peritubular 
capillary plexus. This capillary plexus is 
restricted to the cortical region only and as 
such it supplies mainly the convoluted 
portions of the renal tubule which lie in the 
cortex. The medullary portion of the renal 
tubule is supplied by some hairpin-like (U- 
shaped) straight (unconvoluted) vessels 
Peritubular. NS 3 called vasa recta rather than a network of 
capillary ordinary capillaries. The vasa recta are also 
derived from the efferent arteriole. The 
peritubular capillary plexus and the vasa 

Fig. 8.7 : Blood supply of cortical nephron, recta drain into the veins. The efferent 
arterioles are portal vessels as they have 
capillary network at both ends (i. e., at their origin as well as at their termination). 
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Hilum (or hilus) of kidney : The depression on the medial side of kidney through 
which the renal artery enters into the kidney and the renal vein and ureter emerge 
from it. 


Afferent 
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Nephron : Structural and functional unit of kidney. 

Malpighian corpuscles : The first part of nephron consisting of Bowman's capsule 
and glomerulus. 

Podocytes : Specialized epithelial cells lining the visceral layer of Bowman's capsule. 
Juxta-glomerular apparatus: A specialized secretory structure of kidney formed 


by macula densa cells of distal tubule, juxta-glomerular cells of afferent arteriole 
and lacis cells of the vascular angle of glomerulus. 

Renal portal vessel of human kidney: The efferent arteriole emerging from 
glomerulus and ending in peritubular capillaries. 

Vasa recta : The hairpin like blood vessels supplying the medullary part of the 
Henle’s loop. 


8.4.2. FUNCTION OF KIDNEY OR NEPHRON 


The kidneys are the chief excretory organs of our body and they are responsible for 
excretion of urine. However, the kidneys also have some other (i. e., non-excretory) 
functions too. 


© Excretory function of kidney : Urine formation : 


The waste materials present in blood are excreted by the kidneys in the form of 
urine So, the excretory function of kidney means formation of urine by virtue of which 
the blood gets rid of the excess water and water soluble waste materials present in it. 
Such materials include nitrogenous and sulphur containing end products of protein 
metabolism and various inorganic salts. In man, the chief nitrogenous waste product is” 
urea which being highly soluble in water is easily excreted through the kidneys. Increase 
in blood urea level is fatal because it impairs the function of vital neural centres such as 
those controlling respifation and circulation. Thus, the kidneys protect the body from 
the toxic effects of urea by removing it from the body. Itis to be noted that although the 
kidneys are capable of excreting large quantities of water and water soluble materials, 
normally they do not excrete such water-soluble materials that are useful to the body 
e.g., food materials like glucose etc. Thus, it is apparent that the kidneys selectively 
expel only the harmful and useless materials from the body through urine. Formation 
of urine is a complex process which is accomplished by the combined action of different 
parts of nephron. The role played by malpighian corpuscles and the renal tubules in 
formation of urine is described below. 

[1] Role of malpighian corpuscles : The malpighian corpuscles by virtue of their 
structural peculiarity work like filters carrying out a special type of filtration which is 
referred to as ultrafiltration. In this process, a fluid containing only non-colloidal 
materials dissolved in water is separated (filtered) within the cavity of the Bowman’s 
capsule from the blood flowing through the glomerular capillaries. Blood cells and 
colloidal particles of plasma (le., the plasma proteins) are not allowed to pass across 
the filtering membrane of the glomerulus. The size of the filtering pores is such that 
only those components of plasma having molecular weights upto 68000 are allowed to 
pass from the glomerular capillaries to the capsular cavity. Serum albumin has a 
molecular weight of 70000 which is lowest among the plasma proteins. Normally it is 
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not filtered to a considerable extent ; but in diseases like glomerulonephritis (infection 
of kidney), in which the filtering membrane is damaged and its pores are increased in 
size, albumin is freely filtered and excreted in urine (presence of albumin in uine is 
termed albuminuria). The molecular weight of hemoglobin is 68000 but as it remains 
within the red cells, normally it is not filtered. When there is a high rate of hemolysis 
(breakdown of RBC), hemoglobin is released into plasma and easily filtered through 
the glomeruli leading to hemoglobinuria (presence of hemoglobin in urine). 

The glomerular ultrafiltration is governed by the glomerular blood pressure (GBP), 
the plasma protein osmotic pressure (PPOP) and the intracapsular hydrostatic pressure 
(ICHP). Among these, the GBP is the driving force of filtration while the PPOP and 
the ICHP are forces opposing filtration. The difference between the driving force and 
the sum of the two opposing forces represents the effective filtration pressure (EFP) 
which determines the rate of glomerular filtration. 

Thus, EFP = GBP — (PPOP + ICHP). 

The normal value of GBP is 75 mm Hg, PPOP is 30 mm Hg and ICHP is 20 mm Hg 
approximately. So, the normal EFP is about 75 — (30 + 20) = 75 - 50 = 25 mm Hg. In 
man, about 170 litres of filtrate is formed per day by the two kidneys. 

[2] Role of renal tubules : When the glomerular filtrate passes through the renal 
tubule some of its constituents are removed and returned to blood (reabsorbed) while 
some materials are added (secreted) to it as a result of which the filtrate is converted to 
urine. Thus, in the process of urine formation, the tubules perform two functions— 
reabsorption and secretion as discussed below. 

[A] Reabsorption : Out of about 170 litres of filtrate formed in the kidneys per 
day, only about 1.5 litres is excreted as urine and the remaining part is returned back to 
blood. The epithelial cells lining the tubule take up various materials from the tubular 
fluid (i. e., the filtrate) and transfer them to the blood flowing through the peritubular 
capillaries. This phenomenon of returning back of materials from filtrate to blood is 
called reabsorption to distinguish it from ‘absorption’ that takes place in the gut. The 
tubular reabsorption is very important because without this various materials e.g., 
glucose, salts etc., that are needed for proper functioning of the body would be lost 
through urine. 

The tubular reabsorption shows two characteristic features. Firstly, all materials 
present in the filtrate are not reabsorbed ; the tubules reabsorb only those materials 
which are useful and essential for the body (i e,, which, if excreted, would be harmful 
for the body). Secondly, the rate of reabsorption of different materials are not same. 
Some substances (e.g., glucose) are normally reabsorbed entirely so that they are not 
excreted in urine at all ; such substances are called threshold substances. On the other 
hand, some materials (¢.g., salts) are reabsorbed only to such extents that are sufficient 
to maintain their normal blood levels. Thus, it is apparent that the renal tubules reabsorb 
the materials according to their need in the body. Hence, this phenomenon is also 
called ‘selective reabsorption’. 

The tubular reabsorption may be active or passive. The active reabsorption involves 
expenditure of energy (ATP) and may even occur against a concentration gradient, 
whereas the passive reabsorption is driven by a gradient of concentration or electrical 
potential without requiring energy. The proximal tubule is the chief site of reabsorption 
as it contains brush bordered cells having large surface area. Moreover, these cells 


EXCRETORY SYSTEM 1263 


contain large number of mitochondria for generation of enegy which is required for 
active reabsorption. 

[B] Secretion : It is reverse of reabsorption in which materials are added to tubular 
fluid by the tubular cells. The secreted materials are either derived from the peritubular 
blood or produced within the tubular cells. The process of tubular secretion may also 
be active or passive. 

The following is an account of reabsorption and secretion of various materials taking 
place in the renal tubule as a result of which the glomerular filtrate is converted to 
urine. 

Glucose—Normally the entire quantity of glucose present in the capsular filtrate is 
reabsorbed completely from the proximal tubule by an active process so that no glucose 
is excreted in urine. However, in diabetes mellitus, when the blood sugar level rises 
above a limit (180 mg/100 ml of venous blood), the glucose content of the filtrate 
exceeds the capacity of its tubular reabsorption and as a result the excess glucose is 
excreted in urine (glycosuria). 

Proteins—Although higher proteins of plasma are not filtered in the glomeruli, 
small quantities of lower proteins may be filtered. However, they are not allowed to 
pass out through urine and are reabsorbed completely from the proximal tubule by a 
pinocytic process. 

Sodium—It is also reabsorbed actively. Most of the filtered sodium is reabsorbed 
by the tubules and only a small quantity of it is excreted in urine. Out of the total 
sodium to be reabsorbed, about 80% is 
reabsorbed from the proxinral tubule 
and the remaining 20% from the distal 
tubule. Reabsorption of sodium is 


facilitated by the adrenal cortical 150 
hormone aldosterone. Fe 
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Potassium—It is reabsorbed almost NH, ~ drugs ete, 
completely in the proximal tubule by an 
active mechanism but again in the distal 
tubule, some amount of K* is secreted 
which is found in urine. The secrtion of 
K* in the distal tubule is linked with Fig. 8.8 : Diagrammatic representation of tubular 
reabsorption of Na*. reabsorption and secretion during urine formation 

Water—As mentioned earlier, the (solid and broken arrows indicate active and 
volume of the filtrate is reduced Passive transport respectively). 
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tremendously before it is converted to urine. This is because most of the water filtered 
in the glomeruli (about 168.5 litres out of 170 litres, per day) is reabsorbed by the 
tubules. Reabsorption of water is a passive process occurring in the proximal, distal 
and collecting tubules due to the osmotic gradient caused by the active reabsorption of 
sodium salts. About 80% of the water reabsorption takes place in the proximal tubule 
and the remaining 20% occurs in the distal and collecting tubules. In the proximal 
tubule, reabsorption of water is totally dependent on sodium reabsorption and is 
obligatory to it ; this is referred to as obligatory water reabsorption. On the other 
hand, reabsorption of water in the distal and collecting tubules is dependent not only 
on the osmotic gradient but also on the secretion of antidiuretic hormone (ADH) 
from the posterior pituitary which inturn is regulated by the water content of the body. 
That means, this pat of the water reabsoption is adjustable according to the need of the 
body ; hence it is referred to as facultative water reabsorption. Deficiency of ADH 
secretion leads to a pathological condition known as diabetes insipidus (for details 
see chapter-7, Article No. 7.5.2). 

Other substances—Materials like sulphate, uric acid, amino acid, vitamin C, 
creatine, ketone bodies etc., are also reabsorbed by the tubules to some extent while 
certain others like H* ions, ammonia, hippuric acid, etc., are produced in the tubular 
cells and secreted into the lumen of the tubules (i. e., added to the tubular fluid). Some 
drugs like penicillin, diodrast e, may be secreted into the tubular lumen from the 
peritubular blood across the tubular cells. H*, hippuric acid and drugs are secreted 
actively but NH, is secreted passively (by diffusion). 

As a consequence of the above mentioned changes taking place in the tubules, 
normally the urine becomes hypertonic to plasma or filtrate and acidic in reaction. 
The hypertonicity is due to the reabsorption of a large quantity of water, paticularly 
that occurring in the collecting tubule, whereas the acidity is the consequence of H* 
secretion in the distal tubule. The pH of plasma and the capsular filtrate is about 7.4 
whereas that of urine is around 6. However, the pH, concentration and composition of 
urine may vary largely due to variations in the composition of blood or functioning of 
the kidneys. Thus, the urine picture shows the blood picture and the renal functions. 


o Non-excretory functions of kidney: 


In addition to the excretory function (urine formation), the kidneys also subserve 
some non-excretory (e. g, homeostatic, endocrine and metabolic) functions in the body 
as described below. 


[1] Regulation of water balance, osmotic pressure, blood volume and blood 
pressure : The kidneys play an important role in the regulation of water balance and 
osmotic pressure of blood by adjusting the loss of water through urine under the influence 
of ADH. When there is a shortage of water in the body, the blood osmotic pressure 
rises and the secretion of ADH is stimulated which inturn facilitates reabsorption of 
water from the kidneys, thereby reducing the urinary water loss. Conversely when the 
body is loaded with excess water, secretion of ADH and thus the renal water reabsorption 
is reduced so that the excess water is excreted through urine. The kidneys also help in 


the regulation of blood volume and blood pressure through the renin-angiotensin 
mechanism (see below). 5 
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[2] Acid-base (or pH) balance : The kidneys maintain the buffer system of blood 
by reabsorbing bicarbonates and phosphates which inturn regulates the acid-base balance 
and pH of the blood. 

[3] Regulation of RBC formation (erythropoiesis) : Under hypoxic conditions, 
the kidneys secrete into bloodstream an enzyme called renal erythropoietic factor or 
erythrogenin which cleaves a globulin fraction of plasma to produce erythropoietin 
(a glycoprotein) which inturn stimulates erythropoiesis in bone marrow. 

[4] Renin-angiotensin mechanism . The juxtaglomerular apparatus secretes a 
proteolytic enzyme called renin in plasma. This enzyme acts on a globulin fraction of 
plasma called angiotensinogen (also called hypertensinogen) to split a decapeptide 
called angiotensin I (or hypertensin I) from it. The angiotensin I is then converted to 
an octapeptide called angiotensin II (or hypertensin II) by an enzyme called angiotensin 
converting enzyme present in blood. The angiotensin H is a potent vasoconstrictor ; 
hence it increases blood pressure. In addition to this, the angiotensin II also produces 
the following effects— (i) It stimulates secretion of aldosterone from adrenal cortex 
which promotes reabsorption of salt and water from kidneys. (ii) It stimulates the 
hypothalamus to promote secretion of ADH from posterior pituitary and thereby water 
reabsorption in the kidney. (iii) It stimulates the thirst mechanism. 

The renin-angiotensin mechanism is triggered by a fall of blood volume, Thus, the 
juxta-glomerulan apparatus works like a volume receptor sensitive to fall of blood 
volume and it helps to maintain blood volume and blood pressure. 

[5] Fomation of calcitriol (or activation of vitamin D3) : The kidney plays an 
important role in activation of vitamin D3 (cholecalciferol) to calcitriol. The 
cholecalciferol is first hydroxylated to 25-hydroxycholecalciferol (or calcidiol) in liver 
which is finally converted to 1, 25-dihydroxycholecalciferol (or calcitriol) in kidney. 
Calcitriol is the active form of vitamin D3 which after being formed in the kidney is 
released into the bloodstream and carried to its target tissues like intestine, kidney and 
bone for maintaining Ca and P metabolism in the body. Calcitriol is now considered as 
a hormone. 

[6] Metabolic functions : Kidney is an important site for various metabolic processes 
like transamination, deamination, transamidation (creatine synthesis), neoglucognesis, 
B-oxidation of fatty acids etc. 

Among the above mentioned functions, regulation of water balance, osmotic 
pressure, blood volume, blood pressure, acid-base balance and RBC formation are 
grouped as homeostatic functions of kidney whereas erythropoietin, renin-angiotensin 
and calcitriol mechanisms are the endocrine functions of kidney. 


8.5. Normal Constituents of Urine 


Normal human urine is a transparent, colourless or pale yellow coloured fluid with 
a characteristic aromatic odour. It is slightly acidic (pH-around 6.0). Under normal 
conditions, the volume, pH, colour and percentage composition of the constituents of 
urine may vary within physiological limits depending on the amount of water intake, 
nature of diet, ambient temperature, state of physical exercise eic. Normal human adults 
excrete about 1.5 litrés of urine per day, on an average. It consists of 90-95% of water 
and each litre of urine contains roughly 50 g of solids. The urinary solids include 
various organic and inorganic constituents as mentioned below. 

2253—80 
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[1] Normal organic constituents of urine : 

[A] Non-protein nitrogenous (NPN) compounds :The chief organic constituents 
of urine are nitrogenous compounds which rather than being proteins, are derivatives 
or protein metabolism. Such materials are referred to as non-protein-nitrogenous (in 
short NPN) compounds. The principal NPN compound of human urine is urea which 
is produced in liver from degradation of amino acids. Urea constitutes almost half of 
the total urinary solids. Other NPN compounds present in normal urine include uric 
acid (formed from nucleic acid catabolism), creatinine, allantoin, hippuric acid, amino 
acids and ammonia. Normally fresh urine contains ammonia in traces only but if urine 
is stored for a long time, it gives a pungent smell of ammonia which is evolved from 
breakdown of urea by the action of bacteria. 

[B] Non-nitrogenous organic acids : Urine contains small quantities of various 
non-nitrogenous organic acids such as lactic acid, oxalic acid, citric acid, glucoronic 
acid, fatty acid etc: 

[C] Other substances : Traces of certain other organic compounds such as ketone 
bodies (derived from fat metabolism) and pigments e.g., bilinogens, bilirubin etc., 
(derived from degradation of hemoglobin) are found in urine. These pigments are 
responsible for the colour of urine. Degradation products of hormones and vitamins 
are also excreted through urine. 

[2] Normal inorganic constituents of urine : 

These include chloride, phosphate, sulphate and other salts of mainly sodium and 
potassium, and to some extent of calcium, magnesium etc. 


8.6. Abnormal constituents of urine 


Some substances which are normally absent in urine may appear in it under 
pathological conditions. Such pathological constituents are referred to as abnormal 
constituents of urine. In addition, some other substances which are present in normal 
urine in traces only, may be found in remarkably higher levels under certain pathological 
or abnormal conditions. These are also considered as abnormal constituents of urine. 
Thus, presence of an abnormal constituent in urine of a person indicates occurrence of 
certain abnormality or diseases in the person. For this reason, qualitative and quantitative 
analysis of urine for the presence of abnormal constituents in it is very important in 
clinical practice. The common abnormal constituents of urine and the significance (or 
cause) of their presence are discussed below in brief. 

[1] Protein : Normal human urine is usually devoid of protein or it may contain 
negligible quantity of protein (about 20-80 mg in daily urine). In various situations, 
the urinary protein level may become abnormally high, as much as 20 g in daily urine ; 
this is known as proteinuria. Depending on the cause, proteinuria may be of two 
types—physiological and pathological. 

Physiological proteinuria means presence of large quantity of protein in urine due 
to some physiological variation, e.g., severe exercise, high protein intake, pregnancy, 
etc. On the other hand, proteinuria caused by some disease is known as pathological 
proteinuria ; for example, presence of albumin (albuminuria) in nephritis 
(inflammation of glomeruli) due to an increase in the size of filtering pores. 

[2] Glucose and other sugars : Sugars are not detectable in normal urine ; but in 
diabetes mellitus caused by insulin deficiency, glucose may be excreted in urine as a 
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consequence of rise in blood glucose level (hyperglycemia). Presence of glucose in 
urine is termed glycosuria (or glucosuria). Sometimes, in severe diabetes mellitus, 
fructose may also be present in urine (fructosuria). Nursing babies who are fed with 
milk only, may excrete galactose in urine (galactosuria). In lactating mothers, urine 
may contain lactose (lactosuria). Hereditary defects of pentose sugar metabolism may 
lead to excretion of pentose sugar in urine (pentosuria). 

[3] Ketone bodies: In normal human subjects, about 3-15 mg of ketone bodies 
may be excreted in the urine per day. An abnormal increase in the level of urinary 
ketone bodies is termed ketonuria. It occurs when there is an excessive catabolism of 
fat such as in starvation, diabetes mellitus, pregnancy etc. 

[4] Blood : Normal urine does not contain blood or blood cells ; but in cases of 
lesion of kidney or urinary tract caused by inflammation or trauma, blood may appear 
in urine and this symptom is termed hematuria in which urine becomes turbid. 
Hematuria is also observed in renal stones, cancer, tuberculosis efc. 

[5] Pigments : Traces of pigments like bilirubin, bilinogen etc., derived from 
catabolism of hemoglobin are normally found in urine. In jaundice, the urinary level of 
these pigments becomes abnormally high, rendering the urine deeper (yellow) in colour. 
When the rate of hemolysis (disintegration of RBC) is very high, the hemoglobin is 
released into plasma and excreted in urine as an abnormal constituent. Presence of 
hemoglobin in urine is clinically called hemoglobinuria. 

[6] Calculi or casts : Calculi (stones) cr casts (masses of moulded material) formed 
in the kidney by deposition of mineral salts or other materials may be found in urine. 

[7] Pus cells: Pus cells are not found in normal urine to a considerable extent; but 
they are found in urine in large numbers as a result of suppuration (formation of pus) in 
any part of the urinary tract which may occur due to urinary tract infections such as that 
caused by B. Coli. 


eee eee eee REVISON Re eee 


Ultrafiltration—A special type of filtration occurring in malpighian corpuscles by 
which a protein free fluid is separated from the glomerular blood plasma into the 
Bowman's capsule. 

Glomerular effective filtration pressure—Difference between the glomerular blood 


pressure and the sum of plasma protein osmotic pressure and intracapsular 
hydrostatic pressure ; it determines the rate of glomerular filtration. 

Tubular reabsorption—Returning back of some blood constituents from the tubular 
fluid (glomerular filtrate) to the peritubular blood through the tubular epithelium. 
Tubular secretion—Addition of some substances into the tubular fluid by the tubular 
cells. 


8.7. Accessory Excretory Organs And Their Role In Excretion 


Besides kidney (the chief excretory organ), certain organs like skin, liver, salivary 
glands, alimentary canal and lungs (which have some other major functions in the 
body) also take part in excretion ; so, these organs are referred to as accessory excretory 
organs. 
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© Role of skin in excretion : The human skin performs excretory function mainly 
through sweat secretion. Although the main purpose of sweating is cooling of the body 
in hot climate, it also serves excretory function because the sweat contains water, salts, 
urea, lactic acid etc., that are usually excreted through urine. The excretory function of 
sweat is very important particularly in summer, when due to profuse sweating the urine 
volume is considerably reduced. Since many of the urinary constituents are excreted 
through sweat, a reduction in their urinary excretion (due to decreased urine output) is 
compensated. Considerable volume of water (about 600 — 800 ml/day) is also excreted 
through skin by insensible perspiration. The sebaceous glands of skin secrete an oily 
material called sebum through which waxes, sterols and hydrocarbons are excreted 
from the body. In many aquatic animals, the skin excretes ammonia into the surrounding 
medium by difusion. 


Role of liver in excretion : Liver excretes bile pigments, cholesterol, inactivated 
products of steroid hormones, drugs, toxins etc., through bile. The bile is poured into 
the intestine and these excretory materials are eliminated with the feces. 


© Role of salivary glands :Many waste matters present in blood e.g., heavy metals 
(Hg, Pb), thiocyanate salts, NPN compounds (urea, uric acid, creatinine, ammonia), 
and drugs (alkaloids, antibiotics) are excreted by the salivary glands. These materials 
are secreted in saliva, carried to mouth cavity and finally eliminated with the feces. 


Role of alimentary canal in excretion :The mucosa of large intestine and stomach 
secrete certain waste matters that are excreted through feces. The large intestine excretes 
heavy metals like lead, mercury, arsenic, bismuth etc., whereas the stomach excretes 
heavy metals as well as some alkaloids and toxins. 


© Role of lungs in excretion : The lungs excrete CO) and water vapour through 
the expired air. The CO produced from metabolism should be immediately removed 
from the body, otherwise it would cause accumulation of carbonic acid in blood leading 
to acidosis and toxicity. Thus, the lungs protect the body from the toxic effects of CO). 

In normal resting condition, the human lungs excrete about 18 litres of CO, per 
hour and 400 ml of water per day. Rise in blood pCO) stimulates breathing to eliminate 
the excess CO present in blood. Some volatile or gaseous materials like alcohol, acetone 
and ammonia are also eliminated from blood through the lungs via the expired air. 


8.8. A Few Comparisons 
8.8.1. DIFFERENCE BETWEEN NEURON AND NEPHRON 


[1] It is the structural and functional | [1] It is the structural and functional unit 
unit of nervous system. of kidney. 


[2] Itis a single cell. [2] It is amany-celled tubular structure. 


[3] It has three main parts—cell body, | [3] It has two main parts—malpighian 
axon and dendron. corpuscle and renal tubule. 


[4] It is concerned with impulse | [4] It is concerned with urine formation. 
conduction. 
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8.8.2. DIFFERENCE BETWEEN RENAL CORTEX AND RENAL MEDULLA 


Renal medulla 


[1] It is the outer part of kidney. [1] It is the inner part of kidney. 

[2] It is more vascular and hence deep | [2] Itis less vascular and hence pale red 
red in colour. in colour. 

[3] It consists of malpighian corpuscles | [3] It consists of straight portions of the 
and convoluted portions of the tubules. 
tubules. 

[4] The blood vessels in this region form 
network of capillaries (glomerulus 
and peritubular capillaries). 

[5]-Its interstitial fluid is isotonic to | [5] Its interstitial fluid is hypertonic to 

plasma. plasma. 


8.8.3. DIFFERENCE BETWEEN PROXIMAL CONVOLUTED TUBULE AND 


DISTAL CONVOLUTED TUBULE 
Proximal convoluted tubule Distal convoluted tubule 
[1] It is far away from the Bowman’s 


[1] Itis the first part of renal tubule close 
capsule. : 


to Bowman’s capsule. 
[2] It is longer and more coiled. [2] It is shorter and less coiled. 
[3] Its lining cells have much less 


[3] Its lining cell contain numerous 
microvilli forming brush border. microvilli which do not form brush 
border. 


[4] It does not take part in formation of 
[4] It takes part in formation of 


juxtaglomerular apparatus. 
[5] It is the chief site of reabsorption i. e., juxtaglomerular apparatus. 
[5] Reabsorprtion in this part of renal 


more materials are reabsorbed from 
this part of renal tubule. tubule is comparatively less. 


[4] Blood vessels in this region form 
hairpin like vasa recta. 


8.8.4. DIFFERENCE BETWEEN RENIN AND RENNIN 


Rennin 


[1] Itis a proteolytic enzyme secreted by | [1] It is a proteolytic enzyme secreted by 
the juxtaglomerular apparatus of the gastic mucosa in the gastic juice 
kidney into the blood. of calves. 

[2] It produces angiotensin from a [2] It curdles milk by converting the 
plasma protein fraction called soluble milk-protein casein into 
angiotensinogen. paracasein which is precipitated as 
insoluble calcium paracaseinate. 

[3] It is concerned with regulation of | [3] Itis concerned with digestion of milk 
blood volume and blood pressure. protein. 


8.9. Matters To Recollect 
t& Excretion means removal of metabolic wastes from the body. 
tg In man the excretory system means urinary system. 
t= In humans, the chief excretory organ is kidney. 
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r Accessory excretory organs are skin, liver salivary glands. alimentary canal 
and lungs. 
The structural and functional unit of kidney is nephron. 
Each kidney contains about 1 million nephrons. 
A nephron is divisible into two main parts—malpighian corpuscle and renal 
tubule. 
Malpighian corpuscle consists of Bowman’s capsule and glomerulus. 
The main parts of renal tubule are proximal convoluted tubule, loop of Henle, 
distal convoluted tubule and collecting tubule. 
The function of glomerulus is ultrafiltration. 
Functions of renal tubules are—reabsorption and secretion. 
Cells lining the visceral layer of Bowman’s capsule contain finger-like projections 
and are called podocytes. 
The specialized secretory cells present in the afferent arterioles, the vascular angle 
formed by the afferent and efferent arterioles and the part of distal tubule passing 
through it collectively form juxtaglomerular apparatus. 
t& The juxtaglomerular apparatus secretes renin which by forming angiotensin 
regulates aldosterone secretion and helps to maintain blood volume and blood 
pressure when there is a fall of blood volume. 


a RRR RR RAR 


8.10. Summary 


The process of elimination of metabolic waste products from the body is called 
excretion. The kidneys are the chief excretory organs of man which excrete the 
water soluble waste products through urine. The kidneys are bean-seed shaped, 
paired organs located on either side of the vertebral column near the posterior wall 
of lower abdomen. Each kidney is made up of about one million nephrons which 
are the structural and functional units of the kidney. Each nephron is divisible into 
two main parts—the malpighian corpuscle and renal tubule. The malpighian 
corpuscle consists of a double layered, cup-shaped structure, the Bowman’s capsule, 
which encloses a tuft of capillaries, the glomerulus. The renal tubule is further 
divisible into four parts—the proximal convoluted tubule, the Henle’s loop, the 
distal convoluted tubule and the collecting duct. The main function of the kidneys 
is to form urine. For this, the Bowman’s capsule prepares a protein-free filtrate of 
plasma from the blood flowing through the glomerular capillaries. As the filtrate 
passes through the tubule, water and certain other materials are returned to the 
blood according to their requirement in the body by a process called reabsorption. 
The tubule also adds certain materials to the filtrate by the process of secretion. As 
a result of reabsorption and secretion, the filtrate is converted to urine before it is 
passed out of the kidney through the ureter. Normal urine is composed of water and 
materials dissolved in it e.g., organic constituents like urea, uric acid, creatinine, 
amino acids, hippuric acid efc., and inorganic constituents like chlorides, 
bicarbonates, phosphates and sulphates of sodium, potassium, calcium, magnesium 
etc. Under pathological conditions the urine may contain sugar, protein, ketone 
bodies, blood etc. 
The kidney also has some non-excretory functions which include homeostatic 
functions (e.g., regulation of blood volume, blood pressure, blood osmotic pressure, 
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acid base balance, erythropoiesis), endocrine functions (production of angiotensin, 
erythropoietin and calcitriol) and some metabolic functions. 

Skin, liver, salivary glands, alimentary canal and lungs are accessory excretory 
organs. Skin helps in excretion through secretion of sweat and sebum and also 
insensible perspiration. Liver, salivary glands and alimentary canal excrete through 
the juices secreted by them. Lungs excrete CO, water and volatile materials through 
the expired air. : 


8.11. Naming / Discovery / Discoverer 


[1] Bellini (1662) first observed uriniferous tubules. 

[2] Berzelius (1809) first performed a rough quantitative analysis of urine. 

[3] Bowman (1842) first showed the proper relationship between uriniferous 
tubule, glomerulus and the terminal capsules and gave the idea of nephron. 

[4] Cruickshank (1797) discovered urea. 

[5] Cushney (1917) explained the mechanism of urine formation (i.e., role of 
glomerulus and renal tubules in urine formation). 

[6] Liebig (1842) showed that urea arises from the ingested protein. 

[7] Ludwig (1844) proposed the filtration—reabsorption theory of urine formation. 

[8] Malpighii (1665) discovered glomerulus. 

[9] Meissner (1868) showed that urea is produced in liver. 

[10] Muller (1830) first observed the terminal capsules of the uriniferous tubules, 
which were later called Bowman's capsule. 

[11] Richards (1925) developed the micropuncture technique for collection of 
glomerular filtrate and tubular fluid for analysis. 


8.12. Some Diseases/Disorders Related To Urinary System 


[1] Albuminuria—Presence of albumin or globulin in urine. 

[2] Anuria—Diminution of urinary output to 100 ml or less per day. 

[3] Bright’s disease—Glomerulonephritis (see below). > 

[4] Chyluria—Presence of chyle in urine causing a milky appearance of the urine. 

[5] Cystinuria—Excretion in urine of excessive amounts of cystine (a sulphur 
containing amino acid) as a result of an inborn error of metabolism or renal 
transport. 

[6] Cystitis Inflammation of the urinary bladder. 

[7] Diabetes insipidus—A condition characterized by polydipsia (excessive thirst), 
polyuria (excessive and frequent urination) and diuresis (output of large volume 
of dilute urine) without presence of sugar in urine. It occurs due to deficiency 
of ADH secretion. 4 

[8] Diuresis—Excretion of large volume of dilute urine often associated with 
frequent urination and drinking of water. 

[9] Dysuria—Painful urination. 

[10] Fructosuria—Presence of fructose in urine. 

[11] Glomerulitis or Glomerulonephritis—Inflammation of the kidney affecting 
the glomerular capillaries. 

[12] Glomerulopathy—A non-inflammatory disease of the kidney glomeruli. 

[13] Glomerulosclerosis—Thickening and hardening of glomeruli. 

[14] Glycosuria or glucosuria—Abnormally high sugar content in urine, 

[15] Hematuria—Presence of blood in urine. 
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Hemoglobinuria—Presence of hemoglobin in urine. 
Ketonuria—Abnormally high ketone body content in urine. 
Ketosuria—Presence of ketose (or ketosugar) in urine. 

Lipuria or Lipiduria—Presence of lipid in urine. 

Nephritis—Inflammation of kidney leading to its abnormal functioning. 
Nephroblastoma (or Wilm’s tumor)—A kidney neoplasm (tumor) containing 
embryonic tissue. 

Nephrocalcinosis—Deposition of calcium phosphate in renal tubules. 
Nephrolithiasis—Presence of renal calculi (or kidney stones). 
Nephroma A tumor of kidney tissue. 

Nephromegaly—Enlargement of kidney. 

Nephropathy—Disease of the kidneys. 

Nephroptosis—Downward displacement of a kidney. 

Nephropyelitis (or pyelonephritis)—Nephritis complicated with pyelitis 
(inflammation of the renal pelvis). 

Nephropyosis—Suppuration of the kidney. 

Nephrorrhagia—Hemorrhage (or bleeding) from kidney. 
Nephrosclerosis—Hardening of the kidney. 

Nephrosis—Disease of kidney characterized by degenerative lesions of the 
renal epithelium. 

Oliguria—Diminution of urine excretion to between 100 and 400 ml per day. 
Polyuria—Excretion of abnormally large volume of urine per day with frequent 
urination. 

Polycystic kidney disease—A kidney disease in which major portion of the 
renal epithelium is converted into cysts of varying size. 
Proteinuria—Presence of protein in urine. 

Renal calculi (or kidney stones)—Deposition of crystals of calcium oxalate, 
calcium phosphate and uric acid in any part of kidney, usually in the pelvis, 
causing pain, hematuria etc. 

Renal failure—Inability of the kidneys to function properly, characterized by 
various symptoms like oliguria, anuria, uremia etc. 

Uremia (or uraemia)—A toxic condition due to accumulation in blood of 
substances ordinarily eliminated in urine, specially urea. 
Ureteritis—Inflammation of ureter, often due to infection. 

Ureterocoele—A cystic dilatation of the terminal part of the ureter which lies 
within the bladder wall. 

Ureterolithiasis—Presence of stone (or calculus) in the ureter. 
Urethritis—Inflammation of the urethra. 

Urolithiasis—Presence of stones (or calculi) in any part of the urinary tract. 


8.13. Answers To Special Questions 


[1] 
Ans. 


(a) Mention the daily average urine output of a healthy person. (b) Why 
protein and glucose are not present in normal urine ? [J.E.E. 1983] 
(a) 1-2 litres (average 1.5 litres) per day. 

(b) Protein is not present in normal urine because it is a colloidal macromolecule 
which is neither filtered in the glomeruli not secreted in the tubules. Although 
glucose is filtered in the glomeruli, it is also not present in normal urine because 
normally the renal tubules reabsorb the entire amount of glucose that has been 
filtered. 


[2] 
Ans, 


[3] 


Ans. 
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Discuss how the structural peculiarity of a nephron helps in the formation 
of urine. [J.E.E. 1983, 86 
A nephron has two main parts—the malpighian corpuscle and renal tubule. 
The malpighian corpuscle is made up of a double layered cup-shaped Bowman’s 
capsule and a tuft of capillaries called glomerulus lying within the invagination 
of the Bowman’s capsule. The renal tubule is a highly coiled, long, tubular 
structure surrounded by peritubular capillary network. 
The malpighian corpuscle, by virtue of its structural peculiarity, works like a 
filter carrying out a special type of filtration called ultrafiltration. In this process 
blood cells and colloidal macromolecules (proteins) are not allowed to pass 
and hence a fluid containing only non-colloidal materials dissolved in water is 
separated within the cavity of the Bowman’s capsule from the blood flowing 
through the glomerular capillaries. Thus, the glomerular filtrate = blood — 
(blood cell + macromolecules of plasma). 
When the filtrate passes through the tubule, the vital constituents present in the 
filtrate are selectively returned back to the peritubular capillary blood (i. e., 
reabsorbed) and some materials are added (i.e., secreted) to the filtrate so that 
the filtrate is converted to urine. So, the tubules help in urine formation by 
reabsorption and secretion. The length of tubules and presence of microvilli 
on the luminal surface of the tybular epithelium aid in reabsorption and secretion 
by providing a large surface area. Presence of mitochondria in the tubular 
cells provide energy for active reabsorption and secretion. 
Thus, urine = glomerular filtrate—(water + vital substances) + secreted materials. 
(a) What is nephron ? (b) Draw the diagram of a nephron and label its 
parts. IJ. E. E. 1986, 90] 
(a) Nephron is the structural and functional unit of kidney. 
( Afferent arteriole 
Bowman's Efferent arteriole 
capsule 


Glomerulus 


Proximal J 
convoluted 
tubule 
it 


Collecting 
duct 


Fig. 8.9 : Diagram of nephron. 
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(a) What is meant by ‘glomerular filtrate’ ? (b) What is ‘tubular 
reabsorption’ ? [J.E.E. 1987] 
(a) Glomerular filtrate is the protein free watery fluid filtered from the blood 
flowing through the glomerular capillaries into the lumen of the Bowman’s 
capsule. 
Glomerular filtrate = blood — (blood cells + plasma proteins) = Plasma—plasma 
proteins. 

(b) Tubular reabsorption is the process by which vital constituents of blood 
like glucose, amino acids, Na’, K+, Ck, HCO,;, POE, vitamins etc., and large 
quantity of water are absorbed from the glomerular filtrate (or tubular fluid) by 
the epithelial cells lining the renal tubules and passed to the surrounding blood 
capillaries. This prevents loss of such constituents through urine to maintain 
their normal blood levels. Tubular reabsorption is very selective both 
qualitatively as well as quantitatively i.e., only selected substances are reabsorbed 
and the rate of their reabsorption varies according to their need in the body. 
(a) Enumerate the nitrogenous and non-nitrogenous excretory products 
of human body. (b) Name the excretory products of sweat gland. (c) What 
is cerumen ? 8 [J. E. E. 1988] 
(a) Nitrogenous excretory products urea, uric acid, ammonia, creatinine, 
amino acids etc. Non-nitrogenous excretory products—lactic acid, B-hydroxy 
butyric acid, acetoacetic acid, acetone, carbonic acid, oxalic acid, glucoronic 
acid, inorganic salts and water. 

(b) Urea, salt (NaCl), lactic acid, uric acid. ammonia, creatinine efc. 

(c) Cerumen or ear-wax is a yellow-brown, paste-like, waxy material secreted 
into the external auditory meatus by certain specialized glands called ceruminal 
glands. 

The loop of Henle is differentiated into four segments : (a) Write the names 
of four segments. (b) Mention their peculiarities and function. 

IJ. E. E. 1988] 

(a) Four segments of the loop of Henle are fi] thick segment of descending 
limb, [ii] thin segment of descending limb, [iii] thin segment of ascending limb 
and [iv] thick segment of ascending limb. 

(b) The first and last parts of the loop of Henle i.e., the outer thick segments of 
the descending and ascending limbs are structurally and functionally similar to 
the proximal convoluted tubule and distal convoluted tubule respectively. They 
are lined by cubical epithelial cells containing fewer mitochondria and microvilli. 
The inner thin segments of the descending and ascending limb of the Henle’s 
loop are lined by pavement epithelium, the cells of which are flattened except 
in their nuclear region. In the thin segment of the descending limb, water is 
reabsorbed passively to concentrate the tubular fluid. In the thin segment of 
ascending limb, Na* is pumped (reabsorbed) actively without simultaneous water 
reabsorption so that the tubular fluid becomes diluted. 

(a) What is excretion ? (b) Name the organs of excretion in man. 

[J.E.E. 1990] 

(a) Excretion is the physiological process by which the harmful and useless 
metabolic end products are eliminated from the body. 
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(b) Kidneys, Skin, Lungs, Liver, Salivary glands, Alimentary anal (stomach 
and large intestine). 
(a) What is the amount of glomerular filtrate per day ? (b) What is the 
volume of urine excreted in 24 hrs. ? (c) What are the nitrogenous 
constituents of urine ? (d) Name two hormones which act on renal tubules. 
[J.E.E. 1991] 
(a) 170-180 litres/day, 
(b) 1-2 litres/day. 
(e) Urea, Uric acid, Creatinine, Ammonia, Amino acid. 
(d) Antidiuretic hormone (or ADH), Aldosterone. 
(a) What is the average number of nephrons in one kidney (of humans) ? 
(b) In which portion of the kidney maximum number of glomeruli are 
present? (e) Why is the reaction of urine acidic ? [J.E.E. 1992] 
(a) About one million nephrons. 
(b) Outer two-thirds of the renal cortex. 
(c) The urine is acidic due to secretion of H* by the tubular cells to the tubular 
fluid. As a result of this, various acids e.g., carbonic acid (H,CO,), sodium 
dihydrogen phosphate (NaH,PO,), phosphoric acid (H,PO,) etc., are formed in 
the tubular fluid (or urine). Moreover, some other acids e. g., hippuric acid, uric 
acid, acetoacetic acid are also present in urine to make it acidic. 
Distinguish between ureter and uterus. IJ. E. E. 1993] 
Ureter is a slender urinary duct originating from a kidney and opening into the 
urinary bladder. It carries the urine from kidney to bladder. Uterus is a wide 
part of the reproductive tract where the foetus is developed during pregnancy. 
(a) In normal condition, why glucose is not excreted in urine ? (b) How can 
you differentiate the urine of a diabetes mellitus patient from that of a 
diabetes insipidus patient ? bs [J.E.E. 1993] 
(a) In normal condition, the blood glucose level remains within normal limits 
due to the presence of insulin which helps in utilization of glucose by tissues 
ie., storage of glucose as glycogen (glycogenesis) or fat and oxidation of glucose. 
Under such condition, the renal tubules reabsorb the entire glucose that has 
been filtred within the Bowman’s capsule. Hence, no glucose is found in urine. 
(b) In diabetes mellitus, the urine contains glucose (sugar) and hence has a 
higher specific gravity. In diabetes insipidus, the urine contains no sugar and 
is dilute with low specific gravity and large volume due to presence of large 
volume of water in it. 
(a) Name the different excretory organs of human body. (b) How effective 
filtration pressure at Bowman’s capsule is determined ? (c) Mention the 
physiological mechanism of urine formation in kidney. IJ. E. E. 1994] 
(a) See answer to Q-7 (b). 
(b) The effective filtration pressure EFP at Bowman’s capsule is determined 
according to the Starling’s law of filtration by the following equation: 
EFP = GCP — (GOP + CHP). 
Where GCP = glomerular capillary pressure ; GOP = glomerular osmotic 
pressure and CHP = capsular hydrostatic pressure. Average normal values of 
GCP = 75 mm Hg, GOP = 30 mm Hg, and CHP = 20 mm Hg, . EFP = 75 — 
(30 + 20) = 25 mm Hg. 
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(e) Urine formation in kidney involves the following three physiological 
mechanisms—|i] Glomerular ultrafiltation, [ii] Tubular reabsorption and 
[iii] Tubular secretion. 
Explain why we usually excrete more urine in winter than in summer ? 
IJ. E. E. 1994] 
In winter, loss of water and salt from the body through sweat is reduced. This is 
compensated by increasing the urine output to maintain the water and salt content 
of the body. 
(a) What is the reaction (acidic / alkaline) of the following ? [i] blood, 
[ii] glomerular filtrate, [iii] urine. (b) [i] How much blood flows through 
both the kidneys of our body per minute ? [ii] What is the pressure in 
glomeruli ? [iii] Name the part of kidney where there is no glomeruli. 
[J.E.E. 1995] 
(a) [i] Alkaline ; [ii] Alkaline ; [iii] Acidic. 
(b) [i] 1200-1300 ml ; [ii] 75 mm Hg; [iii] Medulla. 


What is the organic composition of normal urine ? [J.E.E. 1996] 
or 
What are the organic components of normal urine ? ` IJ. E. E. 2000] 


Urea, uric acid, creatinine, amino acid, hippuric acid, lactic acid, glucoronic 
acid, oxalic acid, bile pigments, ketone bodies etc. 

When does glucose appear in urine ? IJ. E. E. 1998] 
Glucose appears in urine in diabetes mellitus when the blood glucose level 
exceeds 180 mg% and crosses the renal thresnold of glucose reabsorption. Under 
such condition, the renal tubules cannot reabsorb the entire glucose that has 
been filtered ; hence glucose appears in urine. 

(a) What is nephron ? (b) Name the different parts of nephron. (c) What is 
diabetes mellitus ? [J.E.E. 1998] 
(a) See answer to Q-3 (a). 

(b) Parts of nephron are i] Bowman’s capsule, [ii] Glomerulus, [iii] Proximal 
convoluted tubule, [iv] Loop of Henle, [v] Distal convoluted tubule, 
[vi] Collecting tubule. 

(c) Diabetes mellitus is a pathologic condition caused by hyposecretion (or 
hypoactivity) of insulin and characterized by disorder of carbohydrate 
metabolism associated with hyperglycemia and glycosuria. 

(a) When does sugar appear in urine ? (b) What is the cause of diabetes 
insipidus ? IJ. E. E. 1999] 
(a) See answer to Q-16. 

(b) Failure of secretion or action of vasopressin or ADH (antidiuretic hormone). 
(a) In which organ urea is synthesized ? (b) Through which organ urea is 
excreted ? [J. E. E. 1999] 
(a) Liver, (b) Kidney. 

Which hormone helps in reabsorption of water in the kidney ? 

[J.E.E. 1999] 

Vasopressin or ADH (antidiuretic hormone). 
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(a) Why the lung is called an excretory organ ? (b) what is haematuria ? 
(c) What is ketonuria ? (d) Where is urea produced in the human body ? 
[J.E.E. 2000] 

(a) Lung is called an excretory organ because it helps in excretion of CO,, 

water vapour, methane and various volatile materials like acetone, alcohol etc. 

(b) Haematuria means presence (or excretion) of blood in urine. 

(c) The term ketonuria means presence of excess ketone bodies in urine. 

(d) See answer to Q-19 (a). 

Name the different types of cells present in the renal tubules of a nephron. 
j [J.E.E. 2000] 

Cells present in different parts of the renal tubule are as follows: 

[i] Proximal tubule—Cubical epithelial cells with numerous microvilli forming 

brush border. 

[ii] Loop of Henle In the outer thick segments of descending and ascending 

limbs of the loop of Henle—cubical epithelial cells without brush border. In the 

inner thin segment-flat squamous (pavement) epithelial cells with bulged nuclear 

region. 

[iii] Distal tubule—Cubical epithelial cells with only a few microvilli that do 

not form brush border. 

[iv] Juxta glomerular apparatus region—Macula densa cells. 

[v] Collecting tubule : Principal light (pale) and intercalated (dark) cuboidal 

cells. 

Write the composition and function of urine. H. S. 1990] 

Composition of urine—Urine contains large quantity of water and some solids. 

The solids include inorganic constituents (like chloride bicarbonate, sulphate 

and phosphate salts of sodium, potassium etc.), organic constituents like 

nitrogenous waste matters (e.g., urea, uric acid, creatinine erc.), and non- 

nitrogenous compounds (e.g., lactic acid, ketone bodies, oxalic acid, glucoronic 

acid etc.). 

Function of urine—Urine helps in—(i) excretion of metabolic wastes and 

(ii) maintains water, electrolyte, and pH balance of blood (or body). 

(a) What is nephron ? (b) Where is it situated ? (c) What is the approximate 

number of nephron present in human body ? IH. S. 2000] 

(a) See answer to Q-3(a). 

(b) Nephron is situated within the kidney. 

(c) 2 millions (in the two kidneys). 

What are the following Ii] Podocytes, [ii] Juxtaglomerular cells, [iii] Lacis 

cells, [iv] Macula densa cells ? 

[i] Podocytes are the cells lining the visceral layer of the Bowman’s capsule. 

[ii] Juxtaglomerular cells are the modified glandular cells of the afferent 

arterioles entering into the glomeruli. 

[iii] Lacis cells are specialized glandular cells present at the vascular angle 

formed by the afferent and efferent arterioles. 

[iv] Macula densa cells are modified glandular cells present in the part of the 

distal convoluted tubule forming the juxtaglomerular apparatus. 
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[26] 
Ans. 


[27] 
Ans. 


[28] 
Ans. 


[29] 


[30] 


Ans, 
[31] 
Ans. 
[32] 
Ans. 
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Which blood vessel is called renal portal vessel in man and why ? 
In man, the efferent arteriole of the glomerulus is called renal portal vessel 
because it has capillary network at its both ends. It originates from the glomerular 
capillaries and ends in the peritubular capillaries. 
What are peritubular capillaries and vasa recta ? 
Peritubular capillaries are branches of efferent arteriole that form a network 
(plexus) supplying the cortical part of the kidney. Unlike the capillary plexus, 
vasa recta are hairpin like, straight vessels (vasa = vessel ; rectus = straight) 
that are also formed by branching of the * arteriole and they supply the 
medullary part of the renal tubules. 
(a) What is juxtaglomerular apparatus ? (b) Mention its function. 
(a) The vascular angle formed by the afferent and efferent arterioles and the 
part of distal tubule passing through it, are collectively called juxtaglomerular 
apparatus. It contains three types of specialized secretory cells fil the juxta- 
glomerular cells in the afferent arteriole, [ii] the macula densa cells in the distal 
tubule, and [iii] lacis cells in the vascular angle. 
Function : The juxtaglomerular apparatus (JGA) works as a volume receptor 
sensitive to fall of blood volume. On being stimulated by low blood volume, 
the JGA secretes a proteolytic enzyme called renin which splits a plasma protein 
fraction (called angiotensinogen) to produce a peptide called angiotension. The 
angiotensin has four functions; it causes Hi] secretion of aldosterone from 
adrenal cortex, [ii] ADH release from posterior pituitaty, [iii] thrist sensation 
and [iv] vasoconstriction. Thus it helps to maintain blood volume and blood 
pressure when blood volume is decreased. 
What do you mean by obligatory water reabsorption and facultative water 
reabsorption ? 
The reabsorption of water occurring in the proximal tubule of nephrons is called 
obligatory water reabsorption because it is totally dependent on and obligatory 
to reabsorption of sodium salts. That means, it always occurs following sodium 
salt reabsorption. On the other hand, the reabsorption of water taking place in 
the distal and collecting tubules is governed by the antidiuretic hormone (ADH) 
of posterior pituitary and is not obligatory to sodium salt reabsorption. It occurs 
according to the need of the body and hence, it is termed facultative water 
reabsorption. 
In which parts of the kidney (cortex or medulla) the following parts of the 
nephrons are located ? 
(a) Malpighian corpuscle (b) Proximal tubule, (c) Distal tubule. 
(a) Renal cortex. (b) Renal Cortex. (e) Renal cortex. 
Which parts of the nephrons are located in renal medulla ? 
Loop of Henle, collecting duct and Duct of Bellini. 
What are renal pyramids, renal papillae and renal columns ? 
The renal medulla is divided into a number of conical masses called renal 
pyramids having their broad bases directed towards the cortex. The blunt apices 
of the renal pyramids are called renal papillae. Renal columns are parts of the 


Cortical tissue lying in between the renal pyranids ; these are also called columns 
of Bertin. 


[33] 
Ans. 


Ans. 


[36] 


Ans. 


[37] 


Ans. 


[38] 
Ans. 


[39] 


Ans. 
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What are renal pelvis, major calyx and minor calyx ? 

The expanded upper end of the ureter lying within the renal sinus is called 
renal pelvis. The renal pelvis is divided into 2-3 large branches called major 
calyces (singular major calyx). Each major calyx is again divided into several 
(1-13) smaller branches called minor calyces (singular minor calyx). 

What is meant by ‘threshold substance’ ? 

A ‘threshold substance’ is that which is normally reabsorbed entirely from the 
renal tubule so that it is not at all excreted in urine. Example—glucose. 
Express the presence of following substances in urine in single words— 
(a) protein, (b) lactose, (c) glucose, (d) excessive ketone bodies, (e) blood, 
(f£) hemoglobin, (g) excessive bile pigments, (h) excess water. 

(a) Proteinuria, (b) Lactosuria, (e) Glycosuria (or glucosuria), (d) Ketonuria, 
(e) Hematuria, (f) Hemoglobinuria, (g) Jaundice, (h) Diuresis. 

What does the presence of following abnormal constituents in urine 
indicate? (a) glucose, (b) protein, (c) excessive ketone bodies, (d) blood, 
(e) hemoglobin, (f) pus cells. 

(a) Presence of glucose in urine (or glycosuria) indicates diabetes mellitus, a 
disease caused by hypofunctioning of B-cells of pancreatic islets. 

(b) Presence of protein in urine (or proteinuria) indicates increase in the size of 
glomerular filtering pores caused by diseases like nephrites, nephrosis etc. 

(c) Presence of excessive ketone bodies in urine (or ketonuria) indicates 
excessive catabolism of fats. 

(d) Presence of blood in urine (or hematuria) indicates lesion of the urinary 
tract, renal stones, cancer, etc. 

(e) Presence of hemoglobin in urine (or hemoglobinuria) indicates excessive 
hemolysis and presence of free hemoglobin in plasma. 

(£) Presence of pus cells in urine indicates suppuration (or formation of pus) in 
any part of the urinary tract due to infection. 


What change would occur in the urinary excretion of a man if he drinks 
four glasses of water ? Give reasons. 

If a man drinks four glasses of water, his blood will become hypotonic which 
will suppress ADH secretion. As a result of this, the renal reabsorption of water 
will be decreased and the excess water will be excreted in urine. So, the urine 
will become diluted (hypotonic) and large volume of urine will be excreted. 


What is meant by ‘diuretics’ ? 

Diuretics are medicines increasing the volume and flow of urine. 

(a) What are brush bordered cells ? (b) In which part of the nephron, they 
are found ? 

(a) Brush bordered cells are specialized epithelial cells having numerous 
microvilli on their luminal border to give a striated or brush like appearance. 
The microvilli enormously increase the surface area of the cells to facilitate the 
functions like absorption and secretion. 

(b) Brush bordered cells are found in the proximal tubule of the nephron. 
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[40] (a) Which part of the renal tubule is not permeable to water ? (b) Name 
the part of nephron where urine is concentrated for excretion of hypertonic 
urine ? (c) Where does reabsorption of glucose take place in a nephron R 
(d) Which component of plasma normally does not enter the nephron 2 
(e) What is the act of voiding urine known as ? 

Ans. (a) Ascending limb of Henle’s loop. (b) Collecting duct. (e) Proximal convoluted 
tubule. (d) Plasma proteins. (e) Micturition. 

[41] Which part of kidney (cortex / medulla) is more red and why ? 

Ans. The outer cortex part of kidney is more red than medulla because about 85% of 
the renal blood flow is distributed in the cortex region while the rest 15% is 
supplied to the medulla. 

[42] Why are lungs and skin called accessory excretory organs ? [H.S. 2004] 

Ans. Lungsand skin are called acessory excretory organs because although the major 
function of these organs is not excretion, they have some role in excretion. The 
lungs excrete CO, water vapour and volatile materials through expired air.The 
skin excretes various materials e.g. water, salts, urea, uric acid lactic acid, waxes 
etc., through sweat, sebum and insensible perspiration. 

[43] Distinguish between podocyte and podocytosis ? 

Ans. Podocytes are modified epithelial cells lining the visceral layer of Bowman’s 
capsule. Podocytosis is the process of transport of materials across a cell in 
which molecules are engulfed into the cell at its one surface and extruded from 
the cell at the opposite surface. It occurs during renal tubular reabsorption and 
intestinal absorption in which materials are taken up by the lining epithelium at 
their luminal border and passed into the blood vessels at the opposite side. 

[44] (a) What is urine ? (b) What are the normal constituents of human urine ? 
(c) What is glycosuria ? H. S. 2001] 

Ans. (a) Urine is the fluid excreted by the kidneys, stored in the bladder and discharged 

through the urethra. 

(b) See answer to Q-23. 

(c) Glycosuria means presence of abnormally high amount of sugar (glucose) 
in urine. 


EXERCISE S 222 222-2 


@ A. Essay type or Long Answer type questions : 
[1] Describe the different parts of the urinary system of man with a sketch. (Ans. 8.2) 
[2] Describe the structure and function of human kidney with labelled sketch. 
[H.S. 1988] (Ans. 8.3 ; 8.4) 
[3] Draw a diagram of L.S. of kidney showing its internal structure. Describe the process of 
reabsorption in nephron. Which hormones are related to it ? 
[Tripura H.S. 1988] (Ans. 8.3 ; 8.4.2) 
[4] What is a nephron ? Draw diagram of a nephron and label its parts. 
[J.E.E. 1986, 90] (Ans. 8.13 Q-3) 
[5] Describe in short the internal structure of kidney. 
III. S. 1992, Tripura H.S. 1991] (Ans. 8.3) 
[6] Describe in short the functions of nephron. III. S. 1993] (Ans. 8.4.2) 
[7] Discuss briefly the structure and function of nephron with a labelled sketch. 
III. S. 1990, Tripura H.S. 1993] (Ans. 8.4.1 ; 8.4.2) 


[16] 


117 
118 
19 


120 


[21] 


[22] 
eB. 


11 
[2] 


[3] 
[4] 
[5] 
[6] 
7 


[8] 
[9] 


[10] 
111 
[12] 
113 
(14) 


151 
[16] 


EXCRETORY SYSTEM 1281 


Discuss how the structural peculiarity of a nephron helps in the formation of urine. 
: l E. 1986] (Ans. 8.13 Q-2) 
What is ihe unit of kidney ? What is the volume of urine excreted per day by a normal Indian 


adult ? How urine is formed by the kidney ? à J. E. E. 1980] (Ans. 8.4) 
Write the normal composition of human urine. II. S. 1979, 89] (Ans, 8.5) 
Write the composition and function of urine. II. S. 1990] (Ans. 8.13 Q-23) 
Discuss the role of lungs and skin in excretion, H. S. 1991] (Ans. 8.7) 
What is meant by glomerular filtrate ? What is tubular reabsorption ? 

IJ. E. E. 1987] (Ans. 8.13 Q-4) 
Write the abnormal constituents of urine mentioning the significance of their presence in 
urine. (Ans. 8.6) 


Discuss the importance (or role) of kidney in the urine formation in our body. 
I. S. 1994, 97] (Ans. 8.4.2) 


Name the different excretory organs of human body. How the effective filtration pressure of 
Bowman’s capsule is determined ? Mention the physiological mechanism of urine formation 
in kidney. [J.E.E. 1994] (Ans. 8.13 Q-12] 
Discuss the non-excretory functions of kidney. (Ans. 8.4.2) 
Describe the structure of nephron with diagram. II. S. 1996] (Ans. 8.4.1) 
What are the other excretory organs of the body besides kidney ? Give a short account of 
their functions. (HLS. 1999] (Ans. 8.7) 


What is nephron and where is it situated ? What is the approximate number of nephrons 
present in human body ? With a labelled diagram describe the structure and function of 
human nephron. II. S. 2000] (Ans. 8.13 Q-24, 8.4.1 ; 8.4.2) 
Describe with a neat diagram the gross anatomical parts seen in a longitudinal section of 
kidney. [J.E.E. 2001] Or, Describe the gross anatomy of kidney with a labelled diagram. 

[H.S. 2005] (Ans. 8.3) 
Describe the functions of different parts of nephron. [H.S. 2003] (Ans. 8.4.2) 


Short answer type questions : 
What is excretion ? Name the excretory organs of man. [J.E.E. 1990] (Ans, 8.1) 


What is excretory system ? Name the major excretory products of man. 

(Ans. 8.2 ; 8.13 Q-5) 
Mention the shape, size and weight of human kidney. (Ans. 8.3) 
What is juxtaglomerular apparatus ? (Ans. 8.13 Q-23a) 
What are podocytes and pedicels ? (Ans. 8.4.1) 
What is filtering membrane of kidney ? i (Ans. 8.4.1) 


What are brush bordered cells ? In which part of the renal tubules these are found ? 
2 (Ans. 8.13 Q-39) 
Where are macula densa and lacis cells found ? (Ans. 8.4.1) 
What do you mean by normal constituents of urine ? What is glomerulus ? 
[Tripura H.S. 1992] (Ans. 8.5 ; 8.4.1) 
Mention the abnormal constituents of urine. ; [Tripura H.S. 1990] (Ans, 8.6) 
What is the role of ADH in formation of urine ? [Tripura H.S. 1986] (Ans. 8.4.2) 
Mention the average daily volume of urine of a normal healthy man. Why glucose and 
protein are not found in normal urine ? J. E. E. 1983] (Ans. 8.13 Q-1) 
Enumerate the nitrogenous and non-nitrogenous excretory products of human body. Name 
the excretory products of sweat gland, What is cerumen ? [J.E.E. 1988] (Ans. 8.13 Q-5) 
Why glucose is not found in urine although it is present in the glomerular filtrate ? 
J. E. E. 1981] (Ans. 8.13 Q-1b) 
What is renin ? Mention its origin and function. (Ans. 8.4.2) 
What is the amount of glomerular filtration / day ? What is the volume of urine excreted 
in 24 hrs. ? What are nitrogenous constituents of urine ? Name two hormones which act on 
renal tubules. [J-E.E. 1991] (Ans. 8.13 Q-8) 
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[26] 
127] 
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State four important constituents of normal urine. (J.E.E. 1992] (Ans. 8.5) 

What is the average number of nephrons in one kidney (of humans) ? In which portion of 

the kidney maximum number of glomeruli are present ? Why the reaction of urine is acidic? 

; [J.E.E. 1992] (Ans. 8.13 Q-9) 

In normal condition why glucose is not excreted in urine ? How can you differentiate the 
urine of a diabetes mellitus patient from that of diabetes insipidus patient ? 

[J.E.E. 1993] (Ans. 8.13 Q-11) 

(a) What is the reaction (acidic / alkaline) of the following ? [i] blood [ii] glomerular filtrate 

[ii] urine. (b) [i] "How much blood flows through both the kidneys per minute ? [ii] What 

is the pressure in glomeruli ? [iii] Name the part of kidney where there is no glomerulus. 

[J.E.E. 1995] (Ans. 8.13 Q-14) 

How can the urine of a patient with diabetes mellitus be differentiated from that of a patient 


with diabetes insipidus ? [J.E.E. 1996] (Ans. 8.13 Q-11b) 
What is the organic composition of normal urine ? [J.E.E. 1996] (Ans. 8.13 Q-15) 
When glucose appears in urine ? [J.E.E. 1998] (Ans. 8.13 Q-16) 


What is nephron ? Name the different parts of nephron. What is diabetes mellitus ? 
(Ans. 8.13 Q-17) 

(a) When does sugar appear in urine ? (b) What is the cause of diabetes insipidus ? 

IJ. E. E. 1999] (Ans. 8.13 Q-18) 
(a) In which organ urea is synthesized ? Through which organ urea is excreted ? a 

[J.E.E. 1999] (Ans. 8.13 Q-19) 
Which hormone helps in reabsorption of water in kidney ? 

[J.E.E. 1999] (Ans. 8.13 Q-20) 
(a) Why the lung is called an excretory organ 2 (b) What is hematuria ? (c) What is 
ketonuria? (d) Where urea is produced in human body ?[J.E.E. 2000] (Ans. 8.13 Q-21) 
Name the different types of cells present in the renal tubule of a nephron. 

[J.E.E. 2000] (Ans. 8.13 Q-22) 
What are the organic components of normal urine ? [J.E.E. 2000] (Ans. 8.13 Q-15) 
(a) What is urine ? (b) What are the normal constituents of human urine ? (HLS. 2001, 2004] 


(c) What is glycosuria ? IH. S. 2001] (Ans. 8.13 Q-44) 
Name the normal constituents of urine. [J.E.E. 2002] (Ans. 8.13 Q-23) 
Why are lungs and skin called acessory excretory organs 2(HLS. 2004] (Ans. 8.13 Q-42) 
What is ketonuria ? IJ. E. E. 2004] (Ans. 8.13 C- le) 
Distinguish between: 

Neuron and Nephron. (Ans. 8.8.1) 
Renal cartex and Renal medulla. (Ans. 8.8.2) 
Renin and Rennin. (Ans. 8.8.4) 
Proximal convoluted tubule and Distal convoluted tubule. (Ans. 8.8.3) 
Ureter and uterus. IJ. E. E. 1993] (Ans. 8.13 Q-10) 
Urine of diabetes mellitus and diabetes insipidus. IJ. E. E. 1993] (Ans. 8.13 Q-11) 
Podocyte and Podocytosis. $ (Ans. 8.13 Q-43) 


Write brief notes on : 


Nephron (Ans. 8.4). [2] Glomerulus (Ans. 8.4.1). [3] Renal tubule (Ans. 8.4.1). 
[4] Ultrafiltration (Ans. 8.4.2). [5] Tubular reabsorption (Ans. 8.4.2). [6] Tubular secretion 


(Ans. 8.4.2). [7] Renin-angiotensin mechanism (Ans. 8.4.2). [8] Non excretory functions of 
kidney (Ans. 8.4.2). . 


Fill in the blanks with suitable words : 


Structural and functional unit of kidney is called 


[H.S. 1992] 
Each kidney of adult man contains about 


million nephrons. 


[3] 
[4] 
[5] 
[6] 
(7) 
[8] 
191 
1101 
[i1] 
[12] 
[13] 
[14] 
[15] 
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s is an abnormal constituent of urine. 
Presence of blood in urine is called 
Brush bordered cells are found in part of renal tubule. 
The U-shaped part of the renal tubule is called 
The juxtaglomerular apparatus secretes A 
ADH controls reabsorption of from renal tubule. 
Reabsorption of sodium from renal tubule is controlled by the hormone 
The chief nitrogenous waste product present in human urine is 


Bowman’s capsule and glomerulus of kidney are together called (HLS. 1995] 
Least amount of urea is carried by the blood flowing through the vein. 
In presence of ADH, the and collecting tubules become to water, 


Persons consuming alcohol pass out volume of urine because it has diuretic effect. 


Normal urine is to plasma. 


@ F. Complete the sentences selecting correct answers from those given in the parenthesis : 


(1) 
[2] 


[3] 


[4] 
[5] 
[6] 
[7] 
[8] 
191 


[10] 


u 
[12] 


[13] 


114] 
1151 
[16] 
[17] 
118] 


191 
[20] 
[21] 
[22] 


[23] 
[24] 
[25] 
[26] 
eG. 


ul 


The chief excretory organ of man is 
Urine is filtered from blood in the 


. (lung / kidney / intestine) 
. (tubules / Henle’s loop / glomerulus) 

[H.S. 1979 
(duet of Bellini / renal 


The broad upper end of ureter adjacent to kidney is called 

column / renal pelvis) 

Each human kidney contains about 

Normal adult man excretes about liters of urine per day. (1.5 / 2.5 / 3.0) 

Glomerular filtrate formed per day is lites. (15 / 17 / 150 / 170) 

Glucose is one of the constituents of urine. (normal / abnormal) 

An abnormal constituent of urine is (urea / uric acid / protein) 

Proximal convoluted tubule is present in . (skeletal muscle / adrenal cortex / 

nephron / lung) j 

Bowman’s capsule is a part of . (malpighian corpuscle / red blood corpuscle / white 

blood corpuscle) [H.S. 1987] 

Albumin is a (an) constituent of urine, (normal / abnormal) [H.S. 1981] 

The excess amount of protein excreted in urine is.called . (proteinuria / ketonuria / 

lipuria / lactosuria) H. S. 1989] 

Skin helps in excretion mainly through . (sweat / sebum / cerumen / insensible 

perspiration) 

Lacis cells are found in 

Henle’s loop is present in 

Presence of glucose in urine is called 

Bowman’s capsule is found in 

Under normal condition, 

acid / glucose / sodium) 

Urea is excreted mainly through . (skin / liver / kidney / lungs) 

Normal urine is in reaction. (neutral / acidic / basic) 

Urea is synthesized in . (kidney / liver / lungs / uterus) [H.S. 1997, 2001] 

is absent in normal urine. (creatinine / albumin / ammonia / hippuric acid) 
[H.S. 1998] 

Obligatory water reabsorption occurs in tubule. (peroximal / distal / collecting) 

The average length of a nephron is em. (5 / 10 / 15 / 20) ; 

The lungs excrete . (urea / uric acid / acetone / glucose) 

Reabsorption takes place in . (lungs/intestine/kidney/stomach) [H.S. 2006] 


million nephrons. (1/2/3) 


(stomach / kidney / skin) 

. (heart / kidney / testis) 

: (glycosuria / lipuria / ketonuria) 

. (liver / spleen / kidney / lung) H. S. 1991] 
is completely reabsorbed in the renal tubule. (urea / uric 


Choose the correct answer : Multiple choice type questions : 


Blood enters the glomerulus through : 
(a) Renal artery. (b) Afferent arteriole. (c) Vasa recta. (d) Efferent arteriole. 
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[2] Sweat serves to eliminate mainly : 
(a) Salts and sugar. (b) Water and sugar. (c) Water and waxes. (d) Water and salts. 
[3] Glomerulus is a cluster of: 
(a) Tubules. (b) Nephrons. (e) Capillaries. (d) Arteries. 
[4] Excretion means disposal of : 
(a) Undigested food. (b) Mucus. (c) Excess salts. (d) Metabolic wastes. 
[5] Ultrafiltration occurs in: 
(a) Urinary bladder. (b) Renal tubule. (c) Bowman’s capsule. (d) Lungs. 
[6] Glomerular filtrate normally does not contain : 
(a) Plasma proteins, (b) RBC. (c) WBC. (d) All these. 
[7] Largest quantity of NaCl and water is reabsorbed in : 
(a) Proximal tubule. (b) Distal tubule. (c) Loop of Henle. (d) Collecting duct. 
[8] Bowman's capsule is a part of: 
(a) Loop of Henle. (b) Renal tubule. (c) Renal pelvis. (d) Malpighian corpuscle. 
[9] In human kidney, malpighian corpuscle is present in: 
(a) Pelvis. (b) Pyramid. (c) Cortex. (d) Medulla. 
[10] Normal urine is: 
(a) Acidic. (b) Alkaline. (c) Neutral. (d) Isotonic to plasma. 
[11] Diabetes insipidus is associated with : 
(a) Decreased urine volume, (b) Hypertonicity of urine. (c) Presence of sugar in urine. 
(d) None of these. 
[12] Which of the following is (are) completely reabsorbed in proximal tubule ? 
(a) Glucose. (b) Potassium ion. (c) Both of these. (d) None of these. 
[13] Normal urine is pale-yellow in colour due to presence of: 
(a) Hemoglobin. (b) Bilinogens. (c) Melanin. (d) None of these. 
[14] Reabsorption and secretion in renal tubules involve: 
(a) Active transport. (b) Passive transport. (c) Both of these. (d) None of these. 
[15] The renal tubules secrete : 
(a) Ammonia. (b) Hydrogen ions. (c) Potassium ions. (d) All these. 
[16] Which of the following is not a normal constituent of urine ? 
(a) Uric acid. (b) Lactic acid. (c) Creatinine. (d) Hemoglobin. 
[17] Which of the following is present in medulla of kidney ? 
* (a) Proximal tubule. (b) Distal tubule. (c) Henle’s loop. (d) None of these. 
[18] Presence of blood in urine is called: 
(a) Hematuria. (b) Hemoglobinuria. (e) Uremia. (d) None of these. 
[19] Which of the following is not excreted through lungs ? 
(a) Water. (b) CO, (e) Alcohol. (d) Urea. 
[20] Glomerular filtrate is: 
(a) Isotonic to plasma. (b) Hypertonic to plasma. (c) Hypotonie to plasma. (d) Acidic in 
reaction. 
[21] Which of the following does not occur in renal tubule ? 
(a) Reabsorption of water. (b) Reabsorption of sodium salts. (c) Secretion of ammonia. 
(d) Secretion of glucose. 
[22] Who discovered glomerulus ? 
(a) Bowman. (b) Bellini. (c) Malpighii. (d) Muller. 
[23] Which of the following means ‘excretion of abnormally large volume of urine per day, with 
frequent urination’ ? 
(a) Oliguria. (b) Polyuria. (c) Glycosuria. (d) Uremia. 
[24] The human urethra transports urine and gametes in : 
(a) Male only. (b) Female only. (c) Both male and female. (d) Neither male nor female. 
[25] Which of the following is U-shaped ? 
(a) Loop of Henle. (b) Vasa recta. (c) Both of these. (d) None of these. 
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© H. Write whether the following statements are “True’ or False“: 


[1] Kidney synthesizes urea. 

[2] Kidney controls erythropoiesis. 

[3] The renal tubules secrete potassium ions. 

[4] ADH promotes reabsorption of water in proximal tubule. 

[5] Glucose is reabsorbed in the renal tubules passively. 

[6] Renin is secreted by the juxtaglomerular apparatus of kidney. 

[7] Deficiency of ADH leads to diabetes insipidus. 

[8] Normal urine is hypotonic to plasma. 

[9] The distal tubule is lined by brush bordered epithelium. 
[10] Vasa recta are present in the medullary part of kidney. 
[11] Sweat glands may excrete urea. 

[12] Alcohol may be excreted through lungs. 

[13] Large intestine acts as an accessory excretory organ. 
[14] Urine formation is regulated by hormones. 

[15] In summer months, the volume of urine increases. 


Answers to Q. No. E, F, G and H. 


[1] Nephron. [2] One. [3] Glucose. [4] Hematuria. IS] Proximal. [6] Henle's loop. 

[7] Renin. [8] Water. [9] Aldosterone. [10] Urea. [11] Malpighian corpuscle. [12] Renal. 
[13] Distal, Permeable. [14] Large. [15] Hypertonic. 

F. [1] Kidney. [2] Glomerulus. [3] Renal pelvis. [4] 1. [5] 1.5. [6] 170. [7] Abnormal. 
[8] Protein. [9] Nephron. [10] Malpighian corpuscle. [11] Abnormal. [12] Proteinuria. 
[13] Sweat. [14] Kidney. [15] Kidney. [16] Glycosuria. [17] Kidney. [18] Glucose. 
[19] Kidney. [20] Acidic. [21] Liver. [22] Albumin. [23] Proximal. [24] 5. [25] Acetone. 
[26] Kidney. 

G. [1] (b); [2] (d). [3] (c). [4] (d). [5] (c). [6] (a). [7] (a). [8] (d). [9] (c). [10] (a). [11] (d). 
[12] (c). [13] (b). [14] (c). [15] (d). [16] (d). [17] (c). [18] (a). [19] (d). [20] (a). [21] (d). 
[22] (c). [23] (b), [24] (a). [25] (c). 

H. [1] False. [2] True. [3] True. [4] False. [5] False. [6] True. [7] True. [8] False. [9] False. 

[10} True. [11] True. [12] True. [13] True. [14] True. [15] False. 


Skin and Body Temperature Regulation 


Topics Discussed : Introduction; Structure and function of skin ; Physiology of sweat secretion ; 
Sensible and insensible perspiration ; Role of hypothalamus in regulation of body temperature ; 


Sebum; Cerumen ; A few comparison. 


9.1. Introduction 


Skin (also known as integument) is the outermost covering of the body. Specialized 
structures like hairs, nails, claws, hoofs, horns etc., which are outgrowths of skin, are 
called appendages of skin. The skin and all its appendages form the integumentary 
system. Thickness of skin is not same in all parts of the body. The skin is thickened 
in those parts of the body which have to withstand much friction and pressure. It is 
thickest in palm and sole, and thinnest in the lips. Although the skin is devoid of 
hairs (i e., glabrous) in some parts of the body e.g., palm, sole, lips etc., it is hairy 
in most other parts. 


9.2. Structure Of Skin 


The human skin is composed of two main layers—an outer epidermis and an 
inner dermis or true skin (also called corium or cutis vera). 3 

[1] Epidermis : This is made up of stratified squamous epithelium, composed 
mainly of dead cells and is devoid of blood vessels. It is further divisible into the 
following five layers from outside inward : 

[A] Stratum corneum—This is the most superficially placed layer consisting of 
flattened, non-nucleated, keratinized cells having indistinct outlines. It is considerably 
thick in the sole and palm, and thin in the lips. Hard and keratinized cutaneous 
appendages like nails, hoofs, hairs efc., are special outgrowths of this layer. 

[B] Stratum lucidum—This is a thin, transparent layer also consisting of flattened, 
non-nucleated cells with indistinct outlines. These cells contain eleidin which is a 
precursor of keratin. i 

[C] Stratum granulosum—lIt is made up of 3 to 5 layers of flattened polyhedral 
cells containing keratohyalin granules. 

[D] Stratum spinosum—This is a relatively wider layer with uneven thickness. 
It consists of polyhedral cells called prickle cells as they contain minute spines on 
their surface. The spines of each cell interdigitate with those of the adjacent cells. 

[E] Stratum germinativum (or Stratum malpighii)—This innermost layer of 
epidermis is made up of a single row of columnar epithelial cells placed on a basal 
lamina. These cells are capable of rapid mitotic divisions as a result of which new 
cells are produced continuously to replace those of the outer layers. Actually the 
epidermal cells are generated from the stratum germinativum and are gradually 
pushed outward to become transformed into those of the outer layers in series. 
Finally, they are desquamated from the outermost layer, the stratum corneum, due to 
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various types of frictions. In between the cells of this layer, there are some branched 
cells melanocytes which produce and contain the skin pigment melanin. 


— } stratum corneum 
-Stratum lucidum 


‘Stratum 
granulosum 
Epidermis 
Stratum 
spinosum 


Stratum 
germinativum 
Sebaccous 
gland 


Piloerector 
muscle 


Pacinian 
corpascle 
P A 
Sweat N Hair follicle 


Fig. 9.1 : Histological structure of skin. 


[2] Dermis : The cutaneous tissue lying just beneath the epidermis is called 
dermis or true skin. It is composed of collagenous and elastic fibrous connective 
tissue due to which it is much tensile. The outer part of dermis is compact and 
thrown into folds called papillary layer. The deeper part of dermis is made up of 
loose connective (areolar) tissue forming a network like structure infiltrated with fat 
and it is known as reticular layer. The dermis also contains sweat glands, sebaceous 
glands, sensory nerve endings (receptors), hair follicles and associated smooth 
(involuntary) muscles (called piloerector muscles or arrector pilli) and numerous 
blood vessels forming a rich capillary network. Beneath the dermis, there is a layer 
of adipose tissue called subdermis or hypodermis or subcutaneous fat. 


9.3. Colour Of The Skin 


Colour of the skin depends on three factors : 

[1] Melanin content—The skin colour is determined primarily by the amount of 
melanin formed in the melanocytes. Melanin is a black pigment. More is the melanin 
content, darker is the complexion of skin. Exposure to sun rays increase melanin 
synthesis. So people inhabiting in hot climates are usually darker in complexion. In 
albinism, a hereditary defect of melanin synthesis, the skin colour becomes white. 


1288 A TEXT BOOK OF BIOLOGY 


[2] Blood flow—Colouration of skin is also dependent on the amount of blood 
flow through cutaneous blood vessels. This is due to presence of the red pigment 
hemoglobin in blood. When the blood flow through skin is increased due to 
vasodilatation, the skin becomes redish or pinkish. Conversely when the cutaneous 
vessels are constricted, blood flow through skin is reduced and the skin becomes 
pale in colour. 

IZ] Abnormal pigments—In certain pathological cases, the skin colour may be 
changed due to presence of some abnormal pigments in blood. For example— 
(i) presence of excess reduced hemoglobin leads to cyanosis in which the skin 
becomes bluish in colour; (ii) presence of excess bilirubin in jaundice gives, a 
yellowish colouration of skin. 


9.4. Functions Of Skin 


[1] Protection : Skin is the external covering of the body ; hence it protects the 
body from mechanical injuries (friction and pressure) and infections (microbial 
invasion), Appendages of skin like nails, claws, hoofs and horns help in self defence. 
Skin also protects the inner tissues from the damaging effects of U-V rays of sunlight. 

[2] Sensation : Skin contains sensory nerve endings (neural receptors) for sensation 
of toych, temperature, pressure and pain. Thus, it acts as the sense organ for general 
senses. 

[3] Thermoregulation : For maintenance of normal body temperature, the skin 
helps in adjustment of heat loss from the body in different ways depending on the 
ambient temperature. 

[A] Role of sweat glands—Evaporation of sweat facilitates heat loss from the 
body by using up latent heat of vapourization from the body surface. Thus sweating 
keeps the body cool and helps in maintenance of normal body temperature in hot 
climate. 

[B] Role of blood vessels In hot climate, the blood vessels of skin are dilated 
to increase blood flow through skin which inturn facilitates loss of heat from the 
body surface by radiation. Conversely, in cold climate, the cutaneous blood vessels 
are constricted for conserving body heat by reducing the heat loss due to radiation 

through skin. 

[C] Role of hairs—When the ambient temperature is low, the piloerector muscles 
(smooth muscles attached to hair follicles) are contracted causing erection of hairs 
(piloerection). As a result of this, a thin film of air is entrapped in between the hairs 
which acts as an insulating layer over the skin surface and reduces the loss of heat 
by radiation. This helps in conservation of body heat and,prevents fall of body 
temperature during cold exposure. 

[D] Role of thermoreceptors—Thermoreceptors of skin send sensory informations 
about the ambient temperature to the thermoregulatory centres in hypothalamus and 
thereby elicit reflex responses (e.g., sweating, vasoconstriction, vasodilatation, 
piloerection etc.) for regulation of body temperature. 

[E] Role of hypodermal fat and insensible perspiration—The layer of fat in 
the hypodermis also acts as a heat insulating layer and prevents loss of heat from the 
body surface. So persons having thick subcutaneous fat can tolerate more cold. 
Insensensible perspiration through skin (evaporation of moisture from skin) causes 
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loss of heat from the body. However, unlike the other factors, the hypodermal fat and 
insensible perspiration are not controlled by nerves depending on the ambient 
temperature. 

[4] Excretion : Skin is an accessory excretory organ. It helps in excretion through 
secretion of sweat and sebum and also insensible perspiration (vide chapter 8, Article 
No. 8.7). 

[5] Synthesis of vitamin D3 : Vitamin Dj (cholecalciferol) is synthesized in skin 
from 7 dehydrocholesterol (provitamin D3) by exposure of skin to U-V rays of 
sunlight. The provitamin D3 can also be synthesized in the skin. Thus, the skin 
maintains supply of vitamin D3 in the body. 

[6] Storage : The skin (subcutaneous adipose tissue) acts as a large storehouse 
of fat in*the body. In addition, the skin may also store water, salts and glucose. 

[7] Secretion : The chief secretory products of mammalian skin are sweat and 
sebum which have specific functions (see below). Milk is also a secretory product 
of skin because mammary glands (which secrete milk) are modified apocrine sweat 
glands. In toads, the skin contains some poisonous glands which secrete an irritant 
fluid as a defensive measure. 

[8] Absorption and gas exchange : Although skin is impervious to water, it 
allows absorption of lipids and lipid soluble materials (e.g., steroids and fat soluble 
vitamins) when applied over it in the form of oils and ointments. In some animals 
like toad, the skin aids in respiratory gas exchange (cutaneous respiration) which is 
especially important during hibernation. 


9.5. Physiology Of Sweat Secretion 


@ What is sweat (or sudor) ? Sweat or sudor is the fluid secreted on the surface 
of skin by the sweat glands present in deeper 
parts of the skin. 

© Sweat glands : Sweat glands are the 
chief cutaneous glands which secrete a fluid 
called sweat. These are very fine, unbranched, 
tubular structures consisting of two parts— 
[1] a lower coiled portion (secretory part) 
lying in the deeper parts of dermis and [2] an E| sweat gland 
elongated duct portion (excretory part) |ó 
passing outward through dermis and 
epidermis to open on the surface of the skin 
through a minute pore. There are numerous 
capillaries surrounding the glands (specially 
around the coiled secretory parts). Each sweat 
gland is made up of a single layer of 
epithelial cells lining a central lumen. In the 


Capillary 


Hypodermis 


; DEN oE Apocrine 
secretory part, the cells are cubical or Gland 
columnar which secrete the sweat into the 
lumen whereas in the duct portion. the cells Fig. 9.2 : Location and structure of 
are of simple epithelial type. The lining cells sweat glands. 
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are externally covered by a basement membrane. In between the basement membrane 
and the lining epithelial cells, there are some contractile smooth muscle cells known 
as myoepithelial cells. Contraction of these cells helps in expulsion of sweat from 
the glands to the skin surface. Sweat glands are of two types—eccrine and apocrine. 

The eccrine glands are the chief sweat glands as they constitute the majority and 
are found all over the body surface. However, they are more numerous on the palm, 
sole and forehead, The eccrine glands are smaller in size and they secrete a dilute 
and watery sweat. 

The apocrine glands are relatively fewer in number but larger in size. They are 
found only in some special regions such as axilla, areola of the nipples, around the 
genitalia efc. The apocrine sweat glands are embedded more deeply in the skin, 
mostly in the hypodermis (subcutaneous fat). They secrete a viscid and oity Amilky) 
sweat. Bacterial action on the apocrine sweat produces the characteristic foul body 
odour. The apocrine glands become active from puberty, hence they are supposed to 
be concerned with sexual functions. The mammary glands and the ceruminal glands 
of the external ear (which secrete cerumen or the waxy material within the external 
auditory canal) are modified apocrine glands. 


Composition of sweat: 


The sweat mainly consists of the secretion of eccrine glands. It is a watery fluid 
containing water (99.5%) and solids dissolved in it. The solids include various 
inorganic and organic materials. The chief inorganic constituent of sweat is sodium 
chloride (NaCl), others include potassium, calcium, sulphur, iodine etc. The organic 
constituents present in sweat are urea, uric acid, le~ùc acid, creatinine, glucose etc. 
Thus, it is apparent that the sweat also contains various excretory materials e.g., 
inorganic salts, non-protein nitrogenous (NPN) compounds and other metabolites 
that are found in urine. 


© Significance of sweating (or functions of sweat) and Mechanism of sweating : 


Sweating is elicited mainly by a rise in the ambient temperature (thermal 
sweating). The chief purpose of this is to maintain body temperature in hot 
climate. When sweat is evaporated, it takes away some heat (the latent heat of 


vapourization) from the body and exerts a cooling effect on the body. This prevents. 


rise of body temperature in hot climate in spite of rise in the environmental temperature. 
Sweat is easily evaporated in dry weather (low atmospheric humidity), But in hot 
humid days, the sweat is not easily evaporated ; so, we feel hotter. 

In addition to thermoregulation, the sweating mechanism also serves an excretory 
function because sweat contains water, salts, urea and other materials that are usually 
excreted through urine. The excretory function of sweat is very important, particularly 
in summer, when due to profuse sweating the urine formation is considerably reduced. 
During summer, many of the urinary constituents are partially excreted through 
sweat so that the reduction in their urinary excretion (due to the decreased urinary 
output) is compensated ; otherwise, a rise in the blood level of urea etc., would lead 
to toxic effects. : 

Sweating is also elicited by emotional states like excitement, anxiety, fear etc., 
(mental sweating) and intake of spicy food (gustatory sweating). Under such 
conditions, sweating occurs in the forehead, palm and sole mainly. However, the 
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significance of this is not clear, Mental sweating may occur even in cold climate ; 
this is called cold sweating. 

Sweating is regulated by neural reflexes. Sweat glands are innervated by 
sympathetic efferent fibres. These fibres are characteristic in that they are cholinergic 
in nature unlike other sympathetic fibres which are noradrenergic. The anterior part 
of hypothalamus contains a heat sensitive centre which is excited by increase in 
ambient temperature or blood temperature (as in muscular exercise) and inturn 
stimulates sweat secretion via the cholinergic sympathetic nerves. Emotional and 
gustatory stimuli may also stimulate this hypothalamic centre causing sweat secretion. 


9.6. Sensible And Insensible Perspiration 


The term ‘perspiration’ means excretion of water (moisture) and other materials 
through skin. It may be of two types—sensible and insensible. 

Sensible perspiration refers to excretion of water through skin which can be 
noticed or sensed. It means secretion of sweat (i.e. sweating) because sweat is 
visible and can be felt. Sweating or sensible perspiration is not a continuous process 
and it occurs mainly in hot climate for regulation of body temperature. 

Insensible perspiration refers to constant excretion of water through skin in 
such small amount that it is imperceptible. It is a process of inevitable and continuous 
evaporation of water from the surface of skin. Since it is neither visible nor can be 
felt, this type of perspiration is called ‘insensible’. The water evaporated in this way 
is not a secretory product of the sweat glands, and is derived from cutaneous. blood 
vessels by a process of continuous cell to cell diffusion. Unlike sweating, the insensible 
perspiration does not depend on the environmental temperature and it occurs in both 
hot and cold climates. However, it is dependent on the atmospheric humidity and it 
is increased in dry weather (low humidity). Considerable volume of water is excreted 
through this mechanism (about 600-800ml/day). Although it causes loss of heat from 
the body due to evaporation of water, it does not serve as a thermoregulatory 
mechanism because it is independent of neural control and ambient temperature. 


9.7. Role Of Hypothalamus In Body Temperature Regulation 


@ Poikilothermic and homoiothermic animals: 

Depending on the thermoregulatory ability (i.e. ability to maintain a constant 
body temperature), animals are divided into two groups—poikilothermic and 
homoiothermic. 

Animals whose body temperature varies with the temperature of the external 
environment are called poikilotherms or poikilothermic animals or cold blooded 
animals. Such animals do not possess thermoregulatory mechanisms to maintain a 
constant body temperature. Examples are amphibians and reptiles. They cannot tolerate 
extreme cold ; so, they usually go underground or hide themselves from the cold 
environment and remain dormant in winter. This phenomenon is called hibernation 
or winter sleep. On the other hand, animals capable of maintaining a constant body 
temperature despite variation in environmental temperature are called homoiotherms 
or homoiothermic animals or warm-blooded animals. Birds and mammals belong to 
this group as they possess thermoregulatory mechanisms. 
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Normal body temperature of man: In man. body temperature is recorded 
from mouth (oral temperature) or armpits (axillary temperature). The average normal 
oral temperature of man is 98.4°F (37°C approx). The normal axillary temperature 
is usually 1°F (or 0.5°C) less than the oral temperature. l 

Mechanisms (or channels) for heat loss and heat gain: Homoiotherms are 
provided with various mechanisms for heat loss (thermolysis) and heat gain 
(thermogenesis) that can be adjusted according to the ambient (environmental) 
temperature to which the individual is exposed. Exposure to heat stimulates heat loss 
and decreases heat gain, whereas exposure to cold does the opposite. 

‘The regulatory channels for heat loss from the body include radiation of heat 
from skin, sweating and painting. Heat loss due to radiation from skin is facilitated 
by cutaneous vasodilatation (e., increase of blood flow through skin). Sweating 
helps in heat loss due to evaporation of sweat which takes away the latent heat of 
vapourization from the skin surface. Panting (or rapid, shallow breathing) also helps 
in heat loss due to evaporation of moisture from respiratory passages and warming 
of the expired air. Panting is especially important and serves as the main channel for 
heat loss in non-sweating animals like dog because they cannot lose much heat 
through evaporation of sweat and radiation from skin due to presence of long hairs. 
In summer, such animals show painting with profuse salivation, keeping the mouth 
wide open. Evaporation of saliva from mouth and tongue also facilitate heat loss. 

Heat gain in the body depends on heat production and conservation of body 
heat. Heat production is basically due to metabolism (oxidation of food) which is 
increased by hormones like thyroxine and adrer!'n and muscular activity. Both 
voluntary movement of skeletal muscles and shivering (involuntary movement of 
skeletal muscles due to cold exposure) contribute largely to heat production. 
Conservation of body heat is aided by cutaneous vasoconstriction and piloerection 

because both these mechanisms reduce the loss of body heat due to radiation from 
skin. 


© Role of hypothalamus in body temperature regulation: 


In homoiotherms, the hypothalamus of brain plays a key role in maintenance of 
normal body temperature by regulating the heat loss and heat gain mechanisms 
through nerves and hormones. Hypothalamus contains two oppositely acting centres— 
one sensitive to heat and the other sensitive to cold, The heat sensitive centre (or 
heat loss centre) is situated in anterior part of hypothalamus. It is excited by rise 
in ambient temperature (de., by sensory nerve informations coming from heat receptors 
of, skin) or by rise in blood temperature (as in muscular exercise). When this centre 
is excited, it activates the heat loss mechanisms e.g., cutaneous vasodilatation, sweating 
and panting to prevent rise in body temperature. 

The cold sensitive centre (or heat gain centre) is located in posterior part of 
hypothalamus, It becomes excited during fall of ambient temperature due to discharge 
of sensory nerve impulses from cold receptors of skin. Excitation of this centre 
activates the mechanisms for heat production (e.g., shivering and secretion of thyroxine 
and adrenalin) as well as heat conservation (e.g., cutaneous vasoconstriction and 
piloerection) to prevent fall of body temperature. The role of hypothalamus in 
regulation of body temperature during heat and cold exposure is summarized below. 
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9.8. Sebum 

Sebum is the oily secretion of the sebaceous glands present in the dermis. These 
are pear-shaped structures which generally open into the root of hair follicles, However, 
a few such glands present in some areas of the body may open directly into the 
surface of the skin independently of the hairs, for example those of penis, eyelids etc. 
These glands are absent in palm and sole. The cells of a sebaceous gland synthesize 
and store sebum and eventually rupture to release their contents into the excretory 
duct of the gland. Thus, according to the mechanism of secretion, the sebaceous 
glands are of holocrine type. 

The chief constituents of sebum are fatty acids, cholesterol, triglycerides (fats), 
waxes etc. The sebum serves two functions : 

[i] It acts as a lubricant to keep the skin smooth and moist. 
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[ii] It acts as a bacteriostatic agent and prevents infection of skin. 

The sebaceous glands become very active during adolescence probably by the 
influence of sex hormones. If the secretion of a sebaceous gland is not discharged 
properly (due to any blockage in its passage), it accumulates in the excretory duct 
of the gland which swells up and forms acne. The secretion of sebum is reduced in 
old age as a result of which the skin becomes dry and rough and loses its glossiness, 


9.9. Cerumen (or Ear-Wax) 


Cerumen is a yellow-brown, paste-like, waxy material secreted into the external 
auditory meatus by certain specialized glands (ceruminal glands). These glands are 
modified apocrine type of sweat glands. Cerumen is also called ear-wax which 
catches dust and prevents any damage to the ear-drum. Accumulation of cerumen 
and its drying may form a hard plug in the external auditory meatus and interfere 
with hearing. 


9.10. A Few Comparisons 
9.10.1. DIFFERENCE BETWEEN ECCRINE AND APOCRINE SWEAT GLANDS 


Eccrine sweat glands Apocrine sweat glands 


[1] These are smaller in size and larger 
in number. 


[1] These are larger in size and fewer in 
number. They are embedded in 
deeper parts of the skin. 

[2] These are restricted to certain areas 
of the body e.g., axilla, public region 
etc. 

[3] They secrete a viscid, milky sweat. 

[4] The function of these glands are not 
clearly known. 

[5] They are unaffected by a rise or fall 

in the ambient temperature. 


[2] They are the principal sweat glands 
and are widely distributed all over 
the body surface. 

[3] They secrete a dilute, watery sweat. 

[4] These glands are concerned with 
thermoregulation and excretion. 

[5] They are excited by a rise in the 

ambient temperature. 


9.10.2. DIFFERENCE BETWEEN SENSIBLE PERSPIRATION (SWEATING) 
AND INSENSIBLE PERSPIRATION 


Sensible perspiration (Sweating) Insensible perspiration 


[1] It is an active process of secretion | [1] It is a passive process of cell to cell 

from the sweat glands. diffusion by which water from the 

deeper layers of skin comes to the 

surface of skin. 

[2] It is visible and can be felt. [2] It is invisible and cannot be felt. 

[3] Through this, water and soluble | [3] Through this, only water is excreted 
materials are excreted from the body. from the body. 

[4] It does not occur all the time i.e., it | [4] It is a continuous process and occurs 
is not a continuous process. all the time. 

[5] It is elicited by a rise in ambient | [5] It is not related to a rise in ambient 

temperature. temperature but it is increased by a 
fall in humidity. 

[6] it is not controlled by nerves. 


[6] It is controlled by nerves. 


9.10. 
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3. DIFFERENCE BETWEEN SWEAT AND SEBUM 


It is secreted by tubular sweat 
glands. 

It is an exocrine secretion, 

It is a watery fluid. 

It is concerned with regulation of 
body temperature. 

The main functions of sweat are— 
(i) lowering of body temperature by 
facilitating heat loss from the body, 
and (ii) excretion 

Secretion of sweat is controlled by 
neural reflexes elicited by a rise in 
the ambient temperature. 


[1] It is secreted by pear-shaped 
sebaceous glands. 

It is a holocrine secretion, 

It is an oily material, 

It is not concerned with regulation of 
body temperature. 


The main functions of sebum are— 
(i) lubrication of the skin, and 

(ii) protection of the skin from 
infections. 

Secretion of sebum is neither 
controlled by neural reflexes nor 
elicited by a rise in the ambient 


temperature. 


9.11. Matters To Recollect 


Skin of man is thickest in palm and sole and thinnest in lips. 

Hair, nails, claws and hoofs are keratinized appendages of skin which are outgrowth 
of stratum corneum of epidermis. 

The epidermis of skin is devoid of blood vessels. 

Sweat glands and sebaceous glands are present in dermis of skin. 

Sweating or sensible perspiration helps in thermoregulation and excretion in 
hot climate. 

Insensible perspiration is the continuous process of water excretion through 
skin due to evaporation of moisture from deeper layers of skin. 

Major sweat glands are eccrine glands. 

Anterior and posterior parts of hypothalamus control heat loss and heat gain 
respectively, 

Blood vessels of skin are constricted in cold climate and dilated in hot climate. 

Panting means rapid, shallow breathing during heat exposure, which is the main 
channel for heat loss in non-sweating animals. 

Shivering is an involuntary response of skeletal muscles occurring during cold 
exposure to facilitate heat production. 

Sebum is an oily material secreted by sebaceous glands of skin. 

Cerumen is a waxy material secreted in external auditary meatus, which is 
commonly called ear wax. 

«= Ceruminous glands and mammary glands are modified apocrine sweat glands. 
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9.12. Summary 


Skin has two main layers outer epidermis and inner dermis. The epidermis 
is made up of stratified epithelial tissue whereas the dermis is made up of areolar 
connective tissue containing sweat glands, sebaceous glands, neural receptors, 
blood vessels, hair follicles etc. The human skin performs protective, sensory, 
thermoregulatory, excretory, synthetic, storage and secretory functions. 
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Sweat glands are unbranched tubular glands which secrete a fluid called 
sweat or sudor, They are of two types eccrine and apocrine. Eccrine glands are 
major sweat glands of the body which secrete a watery sweat having 
thermoregulatory and excretory functions. Apocrine sweat glands secrete a milky 
sweat with unknown function. Eccrine sweat is usually secreted during exposure 
to heat. It may also be secreted due to intake of spicy food or emotional factors. 

In man and other homoiotherms a constant body temperature is maintained by 
a balance between heat loss and heat gain which is controlled by hypothalamus. 
Anterior part of hypothalamus regulates body temperature in hot climate by 
stimulating heat loss mechanisms e.g., sweating, cutaneous vasodilatation and 
panting. Posterior part of hypothalamus maintains normal body temperature in 
cold climate by stimulating the mechanisms for heat production (shivering and 
secretion of calorigenic hormones like thyroxine and adrenalin) and heat 
conservation (cutaneous vasoconstriction and piloerection). 


9.13. Naming / Discovery / Discoverer 


[1] Anselmino (1844) first collected sweat. 

[2] Bergmann (1847) introduced the terms homoiothermic and poikilothermic. 

[3] Davy (1845) made a survey of body temperature in man which showed that the 
mean oral temperature is 98.4%. 

[4] Malpighii (1687) described the general structure of skin in detail. 

[5] Ostroumow and Luchsinger (1876) showed that the eccrine sweat glands are 
supplied by sympathetic nerves. 

[6] Sanctorius (1614) first studied insensible perspiration. 

[7] Schottin (1851) first analysed the sweat. 

[8] Steno (1664) first noticed the swear glands. 


9.14, Some Diseases / Disorders Related To Skin AndThermoregulation 


[1] Dermalgia (or Dermatalgia)—Neuralgia (pain in nerve) of skin. 
[2] Dermatitis—Inflammation of skin. 

[3]. Dermatoma—An abnormal growth of skin tissue. 

[4] Dermatorrhea—Abnormal excess sweating. 

[5] Frostbite Injury to tissue due to exposure to cold. 

[6] Hyperthermia—Abnormally high body temperature. 

[7] Hypothermia—Abnormally low body temperature. 

[8] Pyrexia—Fever or elevated body temperature. 


9.15. Answers To Special Questions 


[1] Insunbathing, what causes the skin to develop (a) a pink colour, (b) a brown 
tan and (c) blisters ? [J.E.E. 1987] 
Ans. (a) During sunbathing, the body gets excess heat from the sun. So, in order to 
maintain body temperature, the cutaneous vessels are dilated for increasing heat 
loss. As a result of this, the blood flow through skin increases and the skin 
develops a pink colour. 
(b) Sunbathing stimulates synthesis of melanin pigments as a result of which 
the skin develops a brown tan. 
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(c) In sunbathing, blisters are developed on the skin because of the inflammatory 
action of both dead and living cells of the skin. 
[2] Distinguish between poikilothermic and homoiothermic animals. 
[J.E.E. 1989] 
Ans. Poikilothermic (or cold-blooded) animals do not have thermoregulatory 
mechanisms ; hence their body temperature changes with the change of 
0 environmental temperature. They hibernate in extreme cold. Example 
. amphibians and reptiles. Homoiothermic (or warm-blooded) animals possess 
Pi.) thermoregulatory mechanisms ; hence their body temperature remains constant 
inspite of the variations in the environmental temperature. They do not show 
hibernation. Example—birds and mammals. 
[3] (a) Where are the sweat glands and sebaceous glands situated ? (b) What is 
insensible perspiration ? (c) What are the functions of sweat and sebum ? 
IJ. E. E. 1992] 
Ans. (a) Sweat glands are situated in dermis and open to the surface of skin through 
their excretory ducts. Sebaceous glands are also situated in dermis but they 
open usually into the hair follicles. 
(b) Insensible perspiration is the continuous loss of water from the skin by 
evaporation which is neither visible nor perceptible. Its rate is 600-800 ml/day. 
It occurs due to passage of water by diffusion of tissue fluid through epidermis. 
à (e) Functions of sweat—[i] It regulates body temperature in hot climate by 
facilitating heat loss through evaporation of sweat. [ii] Water, salts and metabolites 
are excreted through sweat. 
Functions of sebum i] It acts as a bacteriostatic agent. [ii] It acts as a lubricant. 
[4] (a) What is sebaceous gland ? (b) Mention its location and function. 
: [J.E.E. 2000] 
Ans. (a) Sebaceous glands are pear-shaped holocrine glands present at the root of 
hair follicle of skin. 
(b) These are located in the dermis of skin and secrete and oily material called 
sebum which lubricates the skin and acts as a bacteriostatic agent. 
[5] Describe the mechanism of secretion of sweat glands of human body during 
summer season. [H.S. 1988] 
Ans. Secretion of sweat in summer season (or hot climate) is called thermal sweating. 
During summer, the afferent nerve pathways carrying the sensation of heat excites 
the heat loss centre located at the anterior nucleus of hypothalamus. This centre 
activates the sweat glands through the efferent sympathetic cholinergic fibres 
supplying the sweat glands. These efferent fibres contract the myoepithelial 
cells of the sweat glands to expel the sweat formed within them. During activation 
of the sweat glands, they release a proteolic enzyme (bradykinin forming enzyme) 
in blood which splits a peptide called bradykinin from a plasma protein fraction. 
The bradykinin produces cutaneous vasodilatation which facilitates formation 
of sweat. 
[6] Mention the role of sweat gland in body temperature regulation. 
[H.S. 1992, 98] 
Ans. Sweat glands play an important role in regulation of body temperature in hot 
climate. During exposure to heat, the sweat glands are activated through the 
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hypothalamic heat loss centre and sweating occurs. Evaporation of sweat cools 
the body as it absorbs some heat (latent heat of evaporation) from the body. 
Thus, the sweat glands provide a mechanism for heat loss and thereby help in 
regulation of body temperature during rise of environmental temperature. 
What is sweat gland ? [H.S. 2004] 
Sweat glands are fine, unbranched, tubular glands present in dermis of skip 
which open on the surface of skin through minute pores and secrete a fly’ 
called sweat. : 
Mention the conditions when sweating occurs. 


Normally sweating occurs during (i) exposure to hot environment, (ii) rise in, 


blood temperature (due to muscular exercise), (iii) emotional conditions (fear, 
anxiety, anger etc.) and (iv) intake of spicy food. Sweating way also occur in 
some pathological conditions like—vomitting, breathing distress and cardiac 
abnormalities. 
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Essay type or Long answer type questions: 
Describe the structure and function of human skin with a suitable sketch. 
[Tripura H.S. 1986] (Ans. 9.2 ; 9.4) 
Describe the mechanism of secretion of sweat glands of human body during summer season. 
{H.S. 1981, 88; Tripura H.S. 1988] (Ans. 9.15 Q-5) 
Discuss the role of skin in body temperature regulation. [H.S. 1994, 96] 
Or, 3 
Mention the role of skin in regulation of human body temperature. i 
IH. S. 2004] (Ans. 9.4) 
What is sweat 2 Write the composition and function of sweat. £ (Ans. 9.5) 
Discuss the role of sweat gland in body temperature regulation. 
0 IH. S. 1992, 98] (Ans. 9.15 Q-6) 
What is sweat ? How is it secreted ? [Tripura II. S. 1991] (Ans. 9.5) 
Where are sweat glands and sebaceous glands situated ? What is insensible perspiration? 
What are the functions of sweat and sebum ? JE. E. 1992] (Ans. 9.15 Q-3) 
Describe the role of hypothalamus in body temperature regulation. (Ans. 9.7) 
Short answer type questions : ; 
Name the, excretory products of sweat gland. What is cerumen. ? 
[J.E.E. 1988] (Ans. 9,5, 9.9) 
What is sebaceous gland ? Mention its location and function. 
[J.E.E. 2000] (Ans. 9.15 Q-4) 


Where are the sweat glands situated ? [J.E.E. 2001] (Ans. 9.15 Q-3a) 
What is sweat gland ? [H.S. 2004] (Ans. 9.15 Q-7) 
Name the glands present in human skin. (Ans. 9.2) 
Name the layers of epidermis from inside outwards. (Ans. 9.2) 


What change may occur in the colour of human skin during heat and cold exposure ? 
(Ans. 9.3, 9.7) 


Mention the factors affecting skin colour. (Ans. 9.3) 
What are piloerector muscle ? What is its function ? (Ans. 9.2, 9.4) 
Name the constituents of eccrine sweat. (Ans. 9.5) 
Which type of sweat gland helps in thermoregulation ? (Ans. 9.5) 


Which part of hypothalamus controls—(a) sweating, (b) shivering, (c) piloerection, (d) heat 
loss by radiation from skin ? (Ans, 9.7) 
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Name the smooth muscle cells present in Sweat gland ? What is their function ? 

(Ans. 9.5) 
What do you mean by—(a) gustatory sweating and (b) thermal sweating ? (Ans. 9.5) 
What is cold sweat ? (Ans. 9.5) 
What is shivering 2 What is its significance ? (Ans. 9.7) 
What is panting ? Mention its significance. (Ans. 9.7) 
Why insensible perspiration is not visible ? (Ans. 9:6) 
Why we feel more hot when the atmospheric humidity. is, high in summer? (Ans. 9.5) 
Why does sweating occur during muscular exercise even in cold weather? (Ans. 9.5) 


Distinguish between: 


Sweat and Sebum. 5 IJ. E. E. 1985] (Ans. 9.10.3) 
Poikilothermic, animals and Homoiothermic animals. [J.E. E. 1989} (Ans. 9.15 Q-2) 
Eccrine sweat gland and Apocrine sweat gland. ite (Ans, 9.10.1) 
Sensible perspiration and Insensible perspiration. (Ans. 9.10.2) 


Write brief notes on : 


Sweat gland (Ans, 9.5). [2] Insensible perspiration (Ans. 9.6). [3] Sebaceous 94 05 (Ans. 
9.8). [4] Sebum (Ans. 9.8). [5] Hypodermis (9.2, 9.4). sil? 794 „ 


Fill in the blanks : 


The keratinized layer of epidermis is called 
The hypodermis is made up of _______ tissue. 

The secretary part of sweat glands is situated in of skin. 

The smooth muscle cells present in sweat glands are Saed — 3 
The sweat glands help in and 2 
Mammary glands are modified sweat glands. 
The sweat glands secrete a watery sweat. 
Sebum is secreted by the glands. 

The continuous loss of water from skin is called 
Homoiotherms are also called ———— animals. 


perspiration. 


Complete the following sentences by selecting correct answers from those given in 


parentheses : 


The innermost layer of epidermis is stratum (corneum / lucidum / spinosum / 


germinativum) 

The — of Skin is devoid of blood vessels. (epidermis / dermis / hypodermis). 

The cells forming the dark pigment of skin are called . (prickle cells / myoepithelial 
cells / melanocytes) 

Piloerector muscles are muscles. (striated / smooth / voluntary) 

Sweat glands are in structure. (saccular / follicular / tubular) 

In albinism, the colour of skin is (black / pinkish / white / yellowish) 

The epidermal cells originate from stratum . (lucidum / germinativum / corneum / 
granulosum) 

Arrector pilli muscles are related to chairs / sweat glands / sebaceous glands) 
Blood vessels of skin are contricted in environment. (hot / cold / humid / dry) 
Insensible perspiration is increased when the atmospheric ______ is low. (temperature / 
humidity / PO / pCO) 


Choose the correct answers: Multiple choice type questions: 


Hairs on skin have some role in: 

(a) Thermoregulation. (b) Excretion. (e) Secretion. (d) All these. 

Epidermis of skin is made up of : 

(a) Connective tissue. (b) Epithelial tissue. (c) Areolar tissue. (d) Neural tissue. 
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In which disease, the skin colour is yellowish ? 

(a) Albinism. (b) Cretinism. (c) Jaundice. (d) None of these. 

In which part of the skin, neural receptors are present 2 

(a) Epidermis. (b) Dermis. (c) Hypodermis. (d) None of these. 

Which type of sweat glands are concerned with regulation of body temperature ? 

(a) Ecerine, (b) Apocrine. (c) Holocrine. (d) All these. 

Heat loss by radiation from skin is facilitated by : * 
(a) Constriction of skin vessels. (b) Dilatation of skin vessels. (c) Erection of hairs * X 
(d) Sweating. * 1 
Loss of body heat due to evaporation of water from skin is caused by : \ 
(a) Insensible perspiration. (b) Sweating. (c) Both of these. (d) None of these. 

Sweat helps in : 

(a) Thermoregulation. (b) Excretion. (c) Both of these. (d) None of these. 

Insensible perspiration is stimulated by activation of : 

(a) Sympathetic nerves. (b) Parasympathetic nerves. (c) Both of these. (d) None of these. 
Stimulation of anterior part of hypothalamus causes : 

(a) Sweating. (b) Vasoconstriction in skin. (c) Shivering. (d) All of these. 


State whether the following statements are ‘True’ or ‘False’ ! 


The dermis of skin is devoid of blood flow. 
The skin stores fat and synthesizes vitamin D;. 
Sweat glands are responsible for insensible perspiration. 6 
Ecerine sweat glands are larger than apocrine glands. 

Urea is exereted through sweat. } 
Sweating may be associated with cardiac disorders. 

Hairs become erected during heat exposure. 

Hypothalamus controls both sensible and insensible perspiration. 

Shivering helps in heat loss from the body. 

Cold sensitive centre is located in posterior part of hypothamus. 


Answers to Q. Nos. E, F, G and H 


[1] Stratum corneum. [2] Adipose tissue. [3] Dermis. [4] Myoepithelial. 
[5] Thermoregulation, Excretion. [6] Apocrine. [7] Eccrine. [8] Sebaceous. [9] Insensible. 
[10] Warm-blooded. 

[1] Germinativum. [2] Epidermis. [3] Melanocytes. [4] Smooth. [5] Tubular. [6] White. 
[7] Germinativum. [8] Hairs. [9] Cold. [10] Humidity. 

II] (a). [2] (b). [3] (c). [4] (b). [5] (a). 16] (b). [7] (c). [8] (c). [9] (d), [10] (a). 


[1] False. [2] True. [3] False. [4] False. [5] True. [6] True. [7] False. [8] False. [9] False. 
[10] Frue. 


Reproduction and Developmental 
Biology 


Topics Discussed : Introduction ; Male reproductive system—anatomical organization ; The male gonad- 
testis (location, structure & function); Spermatogenesis ; Structure of a mature sperm; Testicular hormones 
& their functions. Female reproductive system—Anatomical organization ; The female gonad— ovary 


(location, structure & function) ; Oogenesis ; Structure of a mature graafian follicle ; Ovarian hormones 
& their functions, Menstrual cycle & estrous cycle. Fertilization & implantation. Cleavage and formation 
of morula, blastula & gastrula; Pregnancy. Sex determination. A few comparisons. 


10.1. Introduction 


Reproduction is the process by which living organisms produce new individuals 
of their own kind to maintain continuity of the living races. In an individual, the 
organs concerned with reproduction (i. e, the reproductive organs) together constitute 
the reproductive system. Like other vertebrates, in humans also the sexes are separate, 
ie., they are sexually distinguished into male and female individuals having separate 
reproductive systems. Human beings reproduce by the process of sexual reproduction 
in which the haploid male and female gametes (sperm and ovum) fuse to form a 
diploid zygote which develops into a new individual. In human reproduction, fusion 
of gametes and development of zygote occur within the body of the female (mother) 
who finally gives birth to a baby. 


10.1.1. PRIMARY AND SECONDARY SEX ORGANS 


The reproductive organs (or sex organs) of man and woman are conventionally 
divided into two groups—primary sex organs and secondary (or accessory) sex 
organs. The chief reproductive organs which produce the gametes are called primary 
sex organs or gonads, e.g., testes of the males and ovaries of the females. Besides 
gametogenesis (formation of gametes), the gonads also secrete some hormones which 
are grouped as sex hormones because they are mainly related to sex functions. 
Hence, the gonads are also considered as endocrine glands. 

All organs of the reproductive system other than the gonads are called secondary 
(or acessory) sex organs. They include—(1) different parts of the reproductive 
tract (concerned with storage and transport of gametes, fusion of male and female 
gametes or fertilization and development of the zygote), (2) accessory sex glands 
(or the glands opening into the reproductive tract) and (3) other associated structures 
(e.g., genitalia). For description of the accessory sex organs of man and woman, see 
below. 


10.1.2. SECONDARY SEX CHARACTERS 


Characteristic external features appearing in the body at the time of puberty 
(sexual maturity) by which male and female sexes can be easily distinguished, are 
called secondary sex characters. 
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Human male secondary sex characters include facial hairs (beard and moustache), 
axillary and pubic hairs, hairs on chest, hoarse (low pitched) voice erc. Secondary 
sex characters of women are- well developed breasts (mammary glands), axillary 
and pubic hairs, broadening of pelvis, fat deposition in hip and thigh, shrill (high- 
pitched) voice ete. F ; . A 
10.1.3. PUBERTY (ADOLESCENCE) AND SEX LIFE (REPRODUCTIVE/ 4 : 


LIFE) no x 
Puberty (or adolescence) is the phase of life at which a boy or girl attains sexual 2 
maturity. At this age, due to onset of secretion. of pituitary gonadotrophins, the ~ 
gonads become active and begin to produce gametes and sex hormones as a result 
of which the boy or girl becomes sexually competent (i.e., capable of reproducing), 
Generally puberty is attained at the age of 12-16 years. In girls, it comes earlier 
at about 12-14 years whereas in boys, it oceurs at the age of 14-16 years. During 
this, various physical and mental changes are seen in a boy or a girl, e.g., development 
of primary and accessory sex organs as well as secondary sex characters, appearance i 
of male and female sexual behaviors, attraction for opposite sex, sexual desire eic. 
Sex life (or reproductive life) means the period of life during which an individual 
is capable of reproduction. It begins from puberty and extends till the gonads are i 
active, In males (man), although the gonads gradually become less active in old age, í 
the reproductive competence may be retained throughout the rest of life from puberty. 
But in females (women), the reproductive life is relatively shorter extending from 
puberty upto the age of 45-55 years only, when their gonads (ovaries) stop functioning. 
In human females, the onset and end of reproductive life is indicated by menarche 
(appearance of menstrual cycles with monthly vaginal bleeding) and menopause 
(permanent cessation of menstrual cycles) respectively. 


10.2. Male Reproductive System 


@ Anatomical organization: 

The primary. sex organ (gonad) of human males is called testis (plural-testes). 
The male accessory ( or secondary) sex organs are divisible into three groups : 
(1) the reproductive tract comprising of epididymis, vas deferens, ejaculatory duct 
and urethra ; Q) the accessory sex glands including, seminal vesicle, prostate gland 
and Cowper's gland, and (3), the male external genitalia or penis. Among the 
aforesaid, primary and accessory, sex organs, prostate gland, urethra and penis are 
present in singles while the remaining ones are paired. 

The paired testes are oval bodies located within the scrotum (or scrotal sac) 
Which is a pouch of skin hanging in between the root of the penis and the junction 
of two legs with the abdomen, Each testis remains suspended by a spermatic cord 
through which blood vessels, lymphatics and nerves enter into the testis. The scrotal 
sac is connected to the abdominal cavity by an inguinal canal, one on either side, 
through which passes the corresponding spermatic cord. In adults, each testis weighs 
about 10-20 g. From each testis emerge a number of small narrow ducts called 
efferent ductules or vasa efferentia which join to form a highly convoluted tubular 
structure, the epididymis. The epididymis is differentiated into three regions-head, 
body and tail. The tail of epididymis leads into a muscular tube. the vas deferens 
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(f: ductus deferens), which leaves the scrotal sac through the spermatic cord to enter 
tip abdominal cavity. Then the vas deferens unites with the duct of seminal vesicle 
td form a short ejaculatory duct. The ejaculatory duct of either side enters into the 
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Fig. 10.1 : The human male reproductive system. 

prostate gland (located at the base of the urinary bladder) and opens into the proximal 
part of urethra which is also known as the prostatic part of urethra as it lies within 
the prostate gland. The ducts of the prostate gland communicate with the ejaculatory 
ducts. On emerging from the prostate gland, the urethra receives two ducts coming 
from the bilateral Cowper’s glands (also Called bulbourethral glands) and then 
passes through the muscular penis, finally opening to the exterior. The sperms (male 
gametes) produced from the testes are mixed with the secretions of accessory sex 
glands and epididymis to form a whitish semifluid material called semen. As the 
urethra of males carries both urine and semen (i.e., it is common to both urinary and 
genital systems), it is also referred to as urino-genital duct. 


10.2.1. THE MALE GONAD : TESTIS 


Location: In human males, the two testes are located within the scrotal sac 
situated on the anterior (or ventral) aspect of the body near the junction of the legs 
with the abdomen. s = . 

© Histology : (Microscopic structure): Each testis is covered by a tough 
capsule, the tunica albuginea, made up of white fibrous connective tissue. From 
this, tabeculae or septa enter into the mass of the testis, dividing it into a number of 
pyramidal lobules. The lobules are filled with highly convoluted tubular structures 
called seminiferous tubules having an average length of 500 mm and diameter 
about 0.25 mm. Each seminiferous tubule is externally bound by a basement 
membrane within which lie the germ cells at different stages of maturation, e.g., 
spermatogonia, spermatocytes, spermatids and spermatozoa. Within the seminiferous 
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tubule, there are some elongated supporting cells called sustentacular cells or Sertdi 
cells that remain attached to the basement membrane and arranged radially in betwen 
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Fig. 10.2 : Histological structure of testis. 


the germ cells. The head of the immature sperms remain buried into the Sertoli cells \ 
from which they (sperms) derive their nutrition. A few mature sperms remain freely { 

scattered in the central lumen of the tubules. The seminiferous tubules are separated 1 
from one another by connective tissue stroma which contains groups of large, i 
polyhedral cells called interstitial cells of Leydig or Leydig cells. 
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Fig. 10.3 : Longitudinal section of testis. 


At the apex of each pyramidal lobule, several seminiferous tubules unite to form 
a straight tubule. The straight tubules of different lobule, several seminiferous 
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tubules unite to form a straight tubule. The Straight tubules of different lobules join 
to form a network like (reticular) structure called rete testis which leads into 
10-12 vasa efferentia emerging from the testis. 

© Functions of Testis : 

The testes begin to function from the time of puberty or adolescence (when a boy 
attains adulthood) and remains functional throughout the rest of life. However, the 
activity of testis decreases in old age. The testes perform two types of functions that 
are to a large extent complementary: (I) Gametogenic function or spermatogenesis 
Le., production of male gametes or sperms and (2) Endocrine function or secretion 
of hormones. 

The gametogenic function of testis is carried out by the seminiferous tubules 
whereas the endocrine function is carried out mainly by the Leydig cells which 
secrete the male sex hormones called androgens. Sertoli cells present within the 
seminiferous tubules also secrete a hormone called inhibin. The process of spermato- 
genesis and the functions of testicular hormones are discussed below. 


10.2.2. SPERMATOGENESIS 


© Definition: The process of formation of mature Spermatozoa (or sperms) 
within the seminiferous tubules of testis is termed spermatogenesis, 

© Purpose (or aim) of spermatogenesis : The purpose of spermatogenesis is to 
provide large number of sperms having (1) haploid number of chromosomes, 
(2) motility and (3) ability to penetrate the ovum, for fertilizing the ovum successfully. 

© Process of spermatogenesis : Spermatogenesis involves proliferation (repeated 
divisions) and maturation of the primitive germ cells of males called spermatogonia. 

In this process, at first the spermatogonia lying close to the basement membrane 
of the seminiferous tubules begin to divide mitotically. 50% of the daughter cells 
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Fig. 10.4 ; Schematic representation of the phases of spermatogenesis. 
produced remain dormant to serve as stem cells in future (i.e, they are retained as 
the original spermatogonia) while the remaining 50% further proliferate by repeated 
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mitotic divisions to produce primary spermatocytes. The primary spermatocytes 
then undergo meiotic division. In the first phase of meiosis, there occurs a reductional 
division as a result of which a dipolid primary spermatoyte produces two haploid 
daughter cells called secondary spermatocytes, each containing chromosome number 
half that of the primary, spermatocyte. Each secondary spermatocyte then immediately 
undergoes an equational division (second phase of meiosis) to produce two 
spermatids. The spermatids do not divide any further and simply undergo maturation 
so that each spermatid is metamorphosed to a spermatozoon (plural-spermatozoa). 
Thus, in the process of spermatogenesis, four sperms (spermatozoa) are produced 
from each primary spermatocyte. 

The entire process of spermatogenesis is conventionally divided into two phases. 
The first phase is termed spermatocytogenesis which includes formation of 
spermatocytes and spermatids from spermatogonia by repeated cell divisions. The 
second phase which’ includes maturation of spermatids to spermatozoa is termed 
spermiogenesis. Spermatocytogenesis helps in production of large number of haploid 
cells (spermatids) whereas spermiogenesis causes structural modification of spermatids 
to form mature sperms with tail acrosome etc., that are necessary for motility and 
penetrating ability of the sperms. Spermatogenesis is controlled (stimulated) by FSH 
of anterior pituitary and androgen (testosterone) of testis. 

The immature sperms remain attached to the Sertoli cells which nourish them. 
After maturation, sperms are released into the lumen of the seminiferous tubules 
from the Sertoli cells. The phenomenòn of release of sperms from Sertoli cells is 
called spermiation which is controlled (stimulated) by LH of anterior pituitary. 

In human males, the spermatogonia are diploid like the somatic cells and contain 
46 (23 pairs of) chromosomes of which 44 (22 pairs) are autosomes and two (one 
pair) are sex chromosomes (that are responsible for sex determination). The two sex 
chromosomes are dissimilar and are referred to as X and Y chromosomes. Thus, a 
diploid cell is represented as 44 + XY in males. The primary spermatocytes are also 
diploid, containing 44 + XY chromosomes. Out of the two haploid secondary 
spermatocytes formed by reductional division of each primary spermatocyte, one is 
of 22 + X type and the other is 22 + V type. Naturally, 50% of the other haploid 
cells like spermatide and spermatozoa are of 22 + X type and the remaining 50% are 
of 22 + Y type. 


10.2.3. STRUCTURE OF MATURE SPERM 


A mature sperm is about 60 um in length and consists of four parts — head, neck, 
body and tail. The oval-shaped head is simply a condensed nucleus containing 
chromosomes and is derived from the nucleus of the spermatid. The anterior two- 
thirds of the head is covered by a cap-like acrosome derived from the Golgi apparatus. 
The neck is very short connecting the head with the body and contains a centriole 
known as proximal centriole. There is another centriole lying at the junction of 
body and tail ; this is called distal centriole or ring centriole. The body and tail are 
cylindrical in shape, gradually tapering and made up of an axial fibre bundle originating 
from the neck. In the body, the axial fibre bundle is covered by a spiral mitochondrial 
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sheath (i.¢., a number of mitochondria remain spirally arranged around the axial 
fibres). The first part of tail is covered by a fibrous ——Acrosome 

sheath (having no mitochondria) but the last part of r 
tail is devoid of any covering and consists of the 
terminal part of the axial filament (flagellum) only. 
The slender body and tail help in movement of sperms 


in the female reproductive tract. Mitochondria present centriole 

in the body provide energy for sperm movement. The ‘Axial libres 
acrosome helps in penetrating the ovum during y itochondrial 
fertilization. B sheath 


10.2.4. TESTICULAR HORMONES AND THEIR 
FUNCTIONS i 


The chief hormones secreted by, testis are called 
male sex hormones or androgens. These are steroid 
hormones secreted by the Leydig cells of testis. 
Testosterone is the chief androgen. Two other 
androgens secreted by testis in small quantities are 
androstenedione and dehydroepiandrosterone. 
Small amounts of androgens may be secreted by the adrenal cortex. 

In addition to androgens, the testis also secretes a peptide hormone called inhibin. 
This hormone is secreted by the Sertoli cells, 


Functions of Androgens (or Testosterone) : 


The main function of androgens is to develop masculine features in males. At'the 
time of onset of puberty, the anterior Pituitary begins to secrete ICSH (LH) which 
triggers the secretion of androgens from the testis. The androgens inturn bring forth 
the pubertal changes in the male so that a boy attains adulthood. Androgens have the 
following actions in the body. 

[1] Spermatogenesis : Androgen stimulates spermatogenesis jointly with FSH. 
Supply of androgen to seminiferous tubules through circulating blood is not sufficient 
to maintain spermatogenesis, Normally, androgen stimulates Spermatogenesis in a 
paracrine fashion by diffusing into the seminiferous tubules directly from the Leydig 
cells, Sertoli cells play an important role in this. Both FSH and androgen stimulate 
the Sertoli cells to release à protein called androgen binding protein (ABP) in the 
lumen of the seminiferous tubules. The ABP binds the androgen reaching the tubules 
by diffusion from the neighbouring Leydig cells. This maintains a high, stable supply 
of androgen in the tubular fluid which enables the androgen to promote 
spermatogenesis. 

[2] Growth and development of accessory sex organs : These hormones 
stimulate the growth and development of accessory sex organs of males e.g., seminal 
vesicle, prostate gland, Cowper’s gland, vas deferens, urethra, penis erc. Thus, 
androgens help in the maturation and full growth of the male reproductive system 
and maintains its proper functioning. 

[3] Development of secondary sex characters: Androgens help in the 
development of male secondary sex characters during puberty. These include 


Fig, 10.5 : A mature sperm. 
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development of hairs on face (moustache and beards), axilla, pubis, chest and other 
parts of the body, breaking (hoarsness) of voice efc. 

[4] Sexual behaviour : Androgen maintains the sexual behaviour of males e.g., 
attraction for opposite sex, sexual desire etc. Deficiency of androgen may lead to 
impotence. 

[5] Metabolism: Androgens are protein anabolic in nature and they stimulate 
protein synthesis. These hormones increase BMR. For this reason, the BMR of 
males is higher than females. 

[6] Growth of muscles and bones: Male sex hormones stimulate the growth of 
bones and muscles. This is why growth is abruptly stimulated during puberty and a 
boy at this age attains masculine figure. The growth promoting effect of androgen 
may be attributed to its protein anabolic action. Androgen increases formation of 
bone matrix and deposition of calcium salts in the bones for their growth. 

[7] Formation of RBC—Androgens stimulate the formation of RBC 
(erythropoiesis). For this reason, the total count of RBC in males is slightly higher 
than that in females. 

It should be noted that among the aforesaid functions of androgen, the first one 
(de., stimulation of spermatognesis) is a local paracrine action while the remaining 
ones are typical endocrine actions mediated through the circulating blood. 
® Functions of Inhibin : 

This peptide hormone of Sertoli cells inhibits the secretion of FSH from anterior 
pituitary ; hence it is so named. It helps in feed back regulation of FSH. Earlier 
inhibin was thought to be a male hormone but now it is known that inhibin is also 
secreted in females from the ovary (follicular cells), and in both the sexes it is 
inhibitory to FSH. 
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Puberty—The phase of life at which a boy or girl attains sexual maturity. 
Gonad or Primary sex organ—Gamete producing organ. 

Testis—The male gonad where sperms are produced, 

Secondary (or accessory) sex organs—Reproductive organs other than the gonads. 
Secondary sex character—Characteristic features appearing in the body at 
puberty. 

Accessory sex glands—Glands associated with and opening into the reproductive 
tract. 

Penis—The male organ of urination and copulation. 

Scrotum—A pouch of skin within which lies the two testes. 

Seminiferous tubules—Fine tubular structures present in testis within which 
sperms are produced. 

Spermatogenesis—Process of production of sperms. 
Spermatocytogenesis—Formation of spermatocytes and spermatids from 
spermatogonia, 

Spermiogenesis—Maturation of spermatids to spermatozoa. 

Semen—A whitish semifluid discharged at ejaculation, consisting of sperms and 
secretion of accessory sex glands. 
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Leydig cells—Interstitial cells of testis lying in between the seminiferous tubules, 
concerned with androgen secretion. 

Sertoli cell—Elongated Supporting cells that remain radially arranged within the 
seminiferous tubules, concerned with nourishment of sperms and secretion of 
inhibin and androgen binding protein (ABP), 

Spermiation—Release of mature sperms from Sertoli cells into the lumen of 
seminiferous tubule. 

Androgens—The male sex steroid hormones (e. g., testosterone). 

Inhibin—A peptide hormone secreted from testis and ovary which inhibits FSH 
secretion from pituitary. 


10.3. Female Reproductive System 


@ Anatomical organization: 

In human females, the two ovaries are the primary sex organs (or gonads). The 
female accessory sex organs include a pair of fallopian (or uterine) tubes, the 
uterus and the vagina which collectively constitute the female reproductive tract, 
and the Bartholin glands. 

The ovaries are oval or bean-shaped bodies situated one on either side in the 
lower abdomen (pelvic cavity). The fallopian tubes are extended from the uterus to 
the ovaries of the corresponding sides, through which the female gamete is carried 
from ovary to uterus, The 
ovarian end of the fallopian tube Funnel of oviduct 
is free and funnel-shaped, and (infundibulum) 
is called infundibulum. It opens 
into the peritoneum and contains 
finger-like projections, the 
fimbriae (singular fimbria). 
However, there is no direct 
connection between the ovary | Front of pelvic 
and the fallopian tube. At the girdle 
other end, the fallopian tube is 
connected to the uterus and 
opens into it. The uterus is a pear shaped, thick walled, muscular, sac-like hollow 
organ situated behind the urinary bladder. It is specialized for carrying the growing 
foetus during pregnancy. The uterus is divisible into two parts: the main part is 
called body and the lower part projecting and opening into the vagina is termed 
cervix. The vagina is a musculo-membranous tube which opens outside though a 
vaginal orifice lying below (posterior to) the urethral orifice. Thus, unlike that in the 
males, the urinary and reproductive systems of the females open to the exterior 
through separate orifices. The place where the urethral and vaginal orifices open to 
the exterior is called vulva which is surrounded by two pairs of lip-like folds of skin 
; the larger outer lips are called labia majora and the smaller inner lips are called 
labia minora. At the upper end of vulva there is a clitoris resembling a rudimentary 
penis. A pair of Bartholin glands (vulvo-vaginal glands) open on the sides of the 


Fig. 10.6 : The human female reproductive system. 
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vaginal orifice. These glands are comparable to the Cowper’s glands of males and 
they lubricate the vagina by secreting a mucous fluid. 


10.3.1. THE FEMALE GONAD : OVARY 


@ Location : Each ovary is located on either side of the pelvic cavity near the 
free end of fallopian tube and remains suspended by three ligaments namely broad 
ligament, ovarian ligament and suspensory ligament of the corresponding side. The 
ovary is attached to the broad ligament by means of a peritoneal membrane called 
mesovarium which covers the ovary. The ovarian ligament connects the ovary with 
the uterus and through this ligament blood vessels, nerves and lymphatics enter into 

the ovary. The suspensory ligament attaches the ovary with the posterior wall of 
pelvic cavity. 


z Fallopian tube Ovarian ligament 
Infundibulum gf 
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Fig. 10.7 : Anatomical relationship between ovary, fallopian tube, uterus and vagina. 


© Histology (Microscopic structure) : The histological structure of ovary shows 
much variation at different phase of life. The structure of a mature ovary is described 
below. The outermost covering of the ovary is made up of a single layer of cubical 
epithelial cells ; this 
is called germinal 
epithelium because 
Atretic follicle the primitive graafian 
Mature graafian} follicles originate 

from it in the 
embryonic life. Just 
inside the germinal 
epithelium, there is a 
thin collagenous 
connective (fibrous) 
tissue layer known as 
tunica albuginea. 


Germinal epithelium 
‘Tunica albuginea Primordial | Maturing follicle 
follicle 


< Ruptured follicle 


Released ovum 
‘oung corpus luteum (Secondary oocyte) The interior of the 
ovary contains 
connective tissue 
network called stroma which is continuous peripheally with the tubica albuginea. 
The stroma forms the internal framework of the ovary and contains various elements 


e 
corpus luteum Stroma y, 


Fig. 10.8 : Histological structure of ovary. 
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like spindle shaped stroma cells, smooth muscles, blood vessels, nerves, lymphatics 
etc. Two types of specialized structures called ovarian follicles (commonly known 
as graafian follicles) and corpora lutea (singular corpus luteum), at different 
stages of their developments remain scattered within the stroma, 

The graafian follicle and corpus luteum are the chief functional elements of the 
oyary. The former produces the female gamete (ovum): and secretes two hormones 
estrogns and inhibin and the latter secretes two hormones progesterone and relaxin 
A graafian follicle contains a developing or mature ovum surrounded by some cells. 
Corpus luteum is a solid mass of cells formed from a graafian follicle after the ovum 
is released from it. 


© Development (maturation) and fate of graafian follicle : 

The graafian follicles are small islands of cells. According to the stages of 
development they are of three types—primordial follicle, growing (or maturing) 
graafian follicle and mature graafian follicle. A primordial follicle is about 0.5 mm 
in diameter and contains a primitive ovum called oogonium at its centre which 1s 
surrounded by a single layer of granulosa cells. While the primordial follicle gradually 
enlarges by cell proliferation, the oogonium is converted to oocyte and the granulosa 
cells become many layered. Later, a cavity called antrum filled with a fluid known 
as liquor folliculi or antral fluid appears eccentrically within the proliferating 
granulosa cell layer. In true sense, only those ovarian follicles which possess the 
antrum are called graafian follicles, while those in which the antrum has not yet 
developed are referred to as primordial follicles. The antrum divides the granulosa 
cells into two layers—an outer membrana granulosa and an inner cumulus oophorus 
(or discus proligerus). With maturation of graafian follicle, the stroma cells 
surrounding the follicle are also differentiated into two layers— an outer fibrous layer 
called tunica fibrosa or theca externa and an inner vascular layer called tunica 
vasculosa or theca interna. A mature graafian follicle which is about 12 mm in 
diameter, finally ruptures to discharge the ovum (secondary oocyte) ; this phenomenon 
is known as ovulation. 

Just after discharge of the ovum, the ruptured follicle looks like a blood filled 
cavity and is called corpus hemorrhagicum. The blood comes from the blood 
vessels injured during rupture of the follicle. Soon after this, the clotted blood is 
reabsorbed and the cells in the remnant of the ruptured follicle multiply rapidly to 
fill up the cavity and form a solid mass of cells, the corpus luteum. The corpus 
luteum is so named because the cells present in it contain a yellowish pigment called 
lutein. As the corpus luteum grows ‘old, it gradually degeneerates and. finally 
disappears. In absence of pregnancy, the corpus luteum degenerates at the end of the 
menstrual cycle. This degenerating corpus luteum is called corpus luteum of 
menstruation or false corpus luteum. It is also termed corpus albicans because it 
looks white due to fatty infiltration. If pregnancy occurs, the corpus luteum becomes 
large and it is maintained for 3-4 months. This corpus luteum is called corpus 
luteum of pregnancy or true corpus luteum. 

It has been revealed that the primordial follicles are formed in the foetal life, and 
after birth, no primordial follicle is formed. They do not mature until puberty. Complete 
maturation of the follicles and ovulation occurs only during the sexual life of women 
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extending from puberty to menopause. The number of primordial follicles decreases 
gradually with the advancement of age. In the newborn, the number is between 2.5- 
5 lakhs ; at puberty, it is about 1-2 lakhs and finally at menopause, it becomes nil. 
Out of such a large number of primordial follicles, only about 400-500 follicles 
undergo complete maturation and ovulation throughout the whole life (i. e., the sexual 
life) of a woman and the remaining ones degenerate. Such degenerating ovarian 
follicles undergo fibrosis and are called atretic follicles. 

© Structural changes in the ovary with age: The structural variations observed 
in the ovary in different phases of life are summarized below : 

In childhood, the ovary contains the germinal epithelium made up of cuboidal 
cells, the stroma cells and a large number of primordial follicles but maturing graafian 
follicles and corpora lutea are absent. From puberty onward upto menopause, the 
mature ovary of a non-pregnant woman is characterized by the presence of many 
maturing graafian follicles at diffefrent stages of development and corpora lutea. 
During pregnancy, the ovary additionally contains a large corpus luteum (corpus 
luteum of pregnancy). At menopause, the ovary is atrophied, the follicles (both 
primordial and maturing) disappear and are replaced by fibrous tissue scars. The 
interstitial cells also degenerate. 


© Functions of Ovary : 

Like the testis of males, the ovary also performs two types of functions. 

{1] Gametogenic function or oogenesis—Ovary produces the female gamete 
(ovum). The process of ovum production is called oogenesis which occurs within the 
graafian follicles during maturation of the follicles. The ovum on being fertilized by 
the sperm produces the zygote. 

[2] Endocrine functions or secretion of hormones—Ovary secretes four 
hormones—estrogen, progesterone, relaxin and inhibin. Estrogen and inhibin are 
secreted from graafian follicles whereas progesterone and relaxin are secreted from 
corpus luteum, These hormones inturn perform various functions in the female body 
e.g., development of pubertal changes, maintenance of pregnancy, parturition etc. 

Like the testis of males, the ovary also becomes functional from puberty but it 
stops functioning after menopause (i. e., much earlier than the testis). The process of 
oogenesis and the functions of ovarian hormones are described below. 


10.3.2. OOGENESIS 


© Definition : The process of formation of female gametes (ova) from the primitive 
germ cells (oogonia) present in ovary is called oogenesis. 

© Purpose (or aim) of oogenesis : The main aim of oogenesis is to produce ova 
having (1) haploid number of chromosomes and (2) food stores for nourishment 
of the zygote before it is implanted in the uterus. 

© Process of oogenesis : Ovum is produced from the primitive germ cell called 
oogonium present within the primordial follicle of the ovary. Oogenesis is associated 
with maturation of primordial follicle (i.e, transformation of primordial follicle to 
mature graafian follicle). In contrast to spermatogenesis, oogenesis does not involve 
repeated mitotic divisions, and it is accomplished by meiotic division only, resulting 
in production of a single ovum from an oogonium. In this process, at first, the 
oogonium in the primordial follicle enlarges to form a primary oocyte which then 
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undergoes meiotic division. In the first meiotic division or reduction division, the 
diploid primary oocyte gives rise to two haploid daughter cells of unequal size ; the 
larger one is called secondary oocyte and the smaller one is termed first polar 
body. The secondary oocyte is larger and remains active because it receives the 
cytoplasm of primary oocyte almost entirely, while the first polar body being devoid 
of cytoplasm becomes smaller and degenerates very soon. The secondary oocyte 
subsequently undergoes the second meiotic division: to produce an ovum and a 
second polar body. The ovum is larger because it receives the entire cytoplasm of 
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Fig. 10.9 : Schematic representation of the phases of oogenesis. 


the secondary oocyte. This makes a provision for a temporary supply of nutrition to 
the zygote (fertilized ovum) till it is implanted into the uterus. Like the first polar 
body, the second polar body is also devoid of cytoplasm and degenerates very soon. 
Thus, it is apparent that in contrast to spermatogenesis in which four sperms are 
produced from each primary spermatocyte, only a single ovum is formed from each 
primary oocyte in the process of oogenesis. In this context, it should be mentioned 
that in the ovary, oogenesis proceeds upto the stage of secondary oocyte formation 
by first meiotic division. At this stage, ovulation occurs ie. the graafian follicle is 
ruptured to discharge the secondary oocyte (not ovum) which then enters into the 
fallopian tube. The second meiotic division occurs within the fallopian tube only if 
the Secondary oocyte is fertilized by a sperm. 

In human females the oogonium is a diploid cell containing 46 (23 pairs of) 
chromosomes of which 44 (22 pairs) are autosomes and 2 (1 pair) are sex- 
chromosomes designated as XX. Thus, the chromosome number of oogonium is 
represented as 44+XX. The primary oocyte also being a diploid cell contains 44+XX 
chromosomes. After reductional division, each of the haploid daughter cells produced 
namely the secondary oocyte and the first polar body contains 22 + X chromosomes. 
Finally, the ovum and the second polar body also contain 22+X chromosomes. Thus, 
we see that although the sperms may be of two types -22+X and 22+Y, the ova are 
only of 22+X type. 

10.3.3. STRUCTURE OF A MATURE GRAAFIAN FOLLICLE 

Mature graafian follicle means a graafian follicle which is ready for ovulation 

after formation of secondary oocyte (commonly called ovum) in it. A mature graafian 
2253—83 
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follicle is a spherical or oval vesicular structure containing a large cell, the secondary 
oocyte, at its centre. The secondary oocyte has a homogenous, transparent covering 
called zona pellucida which remains surrounded by a number of granulosa cells 
originating from the germinal epithelium, 
AE The granulosa cells are differentiated into 
(Tunica fibrosa) two layers due to the presence of an 
(hate o eccentric cavity called antrum in the 
follicle. The cavity contains a fluid 
known as liquor folliculi. The outer 
granulosa layer is called membrana 
* 1 sale granulosa Which forms the wall of the 
BEI. Ovum follicle. The inner granulosa layer is 
e E N E proligerus or cumulus 
Discus proligerus oophorus which covers the secondary 
(Cumulus oophorus) > 4 
oocyte and connects it with the wall of 
the follicle at one end. The wall of the 
follicle (i.e., membrana granulosa) is 
covered externally by a number of thecal 
cells originating from the stroma of the ovary. These cells are also differentiated into 
two layers—an inner vascular layer called tunica vasculosa or theca interna and 
an outer fibrous layer called tunica fibrosa or theca externa, 
® Ovulation : Ovulation means release of ovum from the mature graafian follicle 
by its rupture. This is brought about by the luteinizing hormone (LH) of anterior 
pituitary. It occurs in the middle of the sex cycles. In human females, it occurs at 
about the 14th day of the menstrual cycle. In each menstrual cycle, only one ovum 
is released from either ovary alternately. In fact, rupture of a graafian follicle releases 
secondary oocyte and not the ovum because the second meiotic division occurs 
later, The ovum (secondary oocyte) released from the Ovary enters into the fallopian 
tube through the infundibulum. Ovulation may not occur in a few menstrual cycles 
at the beginning and end of the sexual life of a woman, i.e., at the time of onset of 
puberty and menopause. Such cycles are called anovular (or anovulatory) menstrual 
cycles. 


10.3.4. OVARIAN HORMONES AND THEIR FUNCTIONS è 


Female sex hormones secreted by the ovary are mainly of two types—estrogens 
(or oestrogens) and progesterone. These are steroidal compounds. Estrogens are of 
three varieties—estradiol, estriol and estrone. Estrogens are secreted from the maturing 
graafian follicle whereas the progesterone is secreted from the corpus luteum. In 
addition to these two steroid hormones, the ovaries also secrete two peptide hormones 
called relaxin and inhibin in smaller quantities. Relaxin is secreted from the corpus 
luteum while inhibin is secreted from the follicular cells, Estrogen and progesterone 
are also secreted from adrenal cortex and placenta. Relaxin is also secreted from 
uterus and placenta. Inhibin is also secreted from testis. ; 

Estrogen and progesterone jointly help in growth and development (maturation) 
of the reproductive system, regulation of its function and appearance of pubertal 
changes in females. Secretion of these hormones begin from puberty when due to the 
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Fig. 10.10 : A mature graafian follicle. 
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onset of pituitary gonadotrophin (FSH and LH) release, the ovaries mature and 
become capable of secreting hormones. The functions of ovarian hormones are 
discussed below separately. 


® Functions of Estrogen : 

[1] On accessory sex organs : Estrogen stimulates growth and development of 
accessory sex organs of females e.g., uterus, fallopian tube, vagina etc. 

[2] On secondary sex characters : Estrogen is responsible for development of 
secondary sex characters and pubertal changes in females ; for example—development 
of breasts (mammary glands), appearance of hair in axilla and pubis (but not on face 
and chest), fat deposition on thigh and hip and formation of a feminine body. In 
mammary gland, it causes proliferation of the duct system. 

[3] On menstrual cycle : Estrogens takes part in the regulation of menstrual 
cycle. The first half of this cycle (follicular phase) is dependent on estrogen. 

[4] On ovary : Estrogen helps in the maturation of graafian follicle in the ovary. 
It also helps in release of ovum (i. e., ovulation) from the mature follicle by causing 
a surge of LH secretion from the pituitary. 

[5] On metabolism : Estrogen stimulates synthesis of protein and fat in the body. 
Increased protein synthesis helps in growth of the body as a whole and particularly 
the accessory sex organs (reproductive tract). Fat synthesis helps in deposition of fat 
beneath the skin at particular regions to make a typical feminine body. 

[6] Bone growth: Estrogen causes calcification and growth of bones so that the 
bones become stronger. In aged women after menopause (when the ovaries stop 
secreting hormones), lack of estrogen renders the bones weak and fragile. Estrogens 
also (like androgen in males) hasten the closure of epiphysis of long bones ; this is 
why the height of girls do not increase after they attain adulthood. 


® Functions of Progesterone : 

[1] On uterus—Progesterone acts jointly with estrogen to maintain growth of 
uterus and prevents the disintegration of uterine endometrium. 

[2] On menstural cycle—It helps in the regulation of menstrual cycle. It controls 
the second half (luteal phase) of the cycle. 

[3] Implantation and pregnancy—Progesterone helps in embedding of fertilized 
ovum in the uterine endometrium (i. e., implantation) and maintenance of pregnancy. 
The earlier and later parts of pregnancy are maintained by the progesterone secreted 
from the ovary and placenta respectively. Progesterone inhibits the uterine movements 
to prevent expulsion of foetus from the uterus. 

[4] Mammary development—Progesterone acts synergistically with estrogen to 
facilitate the proliferation and development of mammary glands. It causes growth of 
alveolar system of the mammary glands. 

[5] Action on ovary—Large doses of progesterone inhibits maturation of graafian 
follicle and ovulation probably by suppressing the release óf FSH and LH from 
pituitary. This is why maturation of graafian follicles and ovulation does not occur 
during pregnancy when the placenta secretes large quantities of progesterone. 


@ Function of Relaxin and Inhibin : 
Relaxin is secreted at the terminal stage of pregnancy. It helps in delivery (expulsion 
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of the foetus) by relaxing the pelvic ligament and cervix. Inhibin helps in feed back 
regulation of FSH secretion from pituitary by inhibiting it. 
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Ovary—The female gonad where ovum is produced. 
Uterus—The womb or the thick walled muscular sac of the female body within 
which the embryo is developed. 

Vagina—A musculo-membranous canal of the female reproductive tract which 
receives the penis during copulation. 

Vulva—The external genitalia of the female. 

Clitoris—The rudimentary penis like structure of females. 

Graafian follicle—An ovarian follicle with antrum. 

Oogenesis—The process of production of ovum (female gamete). 

Atretic follicle—An ovarian follicle which instead of maturation has undergone 
degeneration and fibrosis. $ 
Ovulation—Release of ovum (secondary oocyte) by rupturing of graafian follicle. 
Corpus hemorrhagicum—A graafian follicle just after its rupture and ovulation, 
Corpus luteum—A yellow cell-mass formed from the graafian follicle after 
ovulation, concerned with secretion of progesterone. 

Corpus albicans—The corpus luteum of menstruation degenerating due to absence 
of pregnancy. 

True corpus luteum—The corpus luteum of pregnancy. 


10.4. Menstrual Cycle And Estrous Cycle 


The reproductive system of female mammals shows regular cyclic changes known 
as sex cycles (or reproductive cycles) throughout their reproductive life except 
during pregnancy, In each sex cycle, the reproductive organs e.g., ovary, uterus etc., 
undergo a series of changes that are repeated in the next cycle, Such cyclic behavior 
of the female reproductive organs is caused by alternate release of FSH and LH from 
anterior pituitary, Males do not show sex cycles because their pituitary secretes FSH 
and LH continuously. The sex cycle of primates (e.g., humans, chimpanzee, gorilla 
etc.) is called menstrual cycle wherease in non-primate mammals (e. g., rat, mice, cat, 
bitch etc.), the sex cycle is called estrous (or oestrous) cycle, The duration of sex 
cycle (menstrual cycle as well as estrous cycle) varies widely from species to species, 


© Menstrual cycle: 

Female primates including humans show periodic vaginal bleeding at regular 
intervals during their reproductive life except in pregnancy, This phenomenon of 
vaginal bleeding is known as menstruation (or period). The menstrual bleeding is 
due to disintegration and shedding of uterine mucosa (endometrium) causing rupture 
of blood vessels. Regular repetition of events from the beginning of one menstruation 
to that of the next is called menstrual cycle. 

In human females, menstruation occurs at an interval of 2843 days (i.e., 
approximately one month or four weeks). That means, the duration of menstrual 
A is roughly one month. Menstruation is the external manifestation of menstrua 
cycle. 


* 
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In each menstrual cycle, the ovarian hormones (estrogen and progesterone) secreted 
under the influence of pituitary gonadotrophins (FSH and LH) cause proliferation of 
uterine endometrium to prepare a suitable bed for implantation of the zygote in case 
if the ovum is fertilized. In absence of fertilization, blood levels of these hormones 
drop suddenly as a result of which the endometrium is disintegrated and shed out 
causing menstruation. In case of pregnancy (ie, if ovum is fertilized and zygote is 
implanted), destruction of endometrium and thus menstruation is prevented by the 
hormones (HCG, estrogen and progesterone) secreted from chorionic villi and placenta. 
So, menstruation and thus the menstrual cycle do not occur during pregnancy. 

Menstruation and menstrual cycle are also absent before puberty and after 
menopause because during these periods, the pituitary does not secrete gonadotrophins. 

A Phases of menstrual cycle : 

Menstrual cycle is usually divided into three phases. A brief description of the 
phases in human menstrual cycle is given below. 

[1] Proliferative phase or Follicular phase— It begins from the end of 
menstruation and continues for about 10 days. In this phase, the pituitary secretes 
FSH which causes maturation of graafian follicle in ovary (hence the name follicular 
phase) and secretion of estrogen from it. The estrogen inturn causes proliferation and 
growth of the uterine endometrium (hence the name proliferative phase). At the end 
of this phase, blood level of estrogen becomes very high which inhibits FSH secretion 
and causes LH surge (i.e, sudden release of LH) from pituitary. The LH inturn 
causes ovulation by rupturing the mature graafian follicle. 
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Fig. 10.11 ; Correlation between hormonal, ovarian and uterine changes during menstrual cycle. 
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[2] Premenstrual phase— Its duration is about 14 days. It begins after ovulation 
and extends upto the onset of next menstruation if the ovum is not fertilized. As this 
phase precedes menstruation, it is called premenstrual phase. During this phase, the 
pituitary continues to secrete LH for formation and maintenance of corpus luteum. 
The corpus luteum secretes progesterone which maintains growth of endometrium 
and prepares it for pregnancy. The endometrial glands become highly developed and 
secretory. This phase is also called progestational (or progravid) phase (because 
it prepares the uterus for pregnancy ; gestation=pregnancy, gravid=pregnant) or luteal 
phase (because it is maintained by corpus luteum) or secretory phase (because in 
this phase, the endometruim is highly secretory). 

[3] Menstrual phase or Destructive phase— It is the phase of vaginal bleeding 
(menstruation) lasting for about 4 days. At the end of premenstrual phase, blood 
level of progesterone reaches a peak which inhibits LH secretion from pituitary. As 
a result of this, the corpus luteum is degenerated causing a sudden drop in progesterone’ 
secretion. Thus, being deprived of the hormonal support, the endometrium is 
disintegrated and sloughed off causing discharge of blood, mucus, ruptured blood 
vessels etc., through the vagina. So, menstruation is also referred to as ‘weeping of 
uterus’ (as if the uterus sheds bloody tears on being disappointed due to absence of 
pregnancy). The blood shed in the uterus usually clots but due to presence of an 
enzyme called fibrinolysin (which hydrolyses fibrin) in uterus, the clotted blood is 
liquefied, and it cannot clot again because fibrinogen is absent in it. 

It is to be noted that the 1st day of menstruation is considered as the Ist day of 
menstrual cycle. So, in each menstrual cycle, the menstrual phase continues from 1st 
to 4th day, the proliferative phase extends from 5th to 14th day and premenstual 
phase extends from 15th to 28th day. 

In case of pregnancy, although LH secretion is inhibited, the corpus luteum does 
not degenerate and it is maintained further by another hormone called human chorionic 
gonadotrophin (HCG) secreted by the chorionic villi. The corpus luteum continues 
to secrete progesterone and prevents disintegration of endometrium (menstruation). 
Thus, missing of menstruation is the first sign of pregnancy. 
® Estrous cycle : 


The female sex cycle of mammals other than primates is called estrous (or 
estrous cycle). The name estrous cycle is derived from ‘estrus’ meaning the period 
of intense sex urge. 

In non-primate mammals, the estrous cycle occurs only during the breeding 
season. In some animals, only one estrous cycle may occupy the whole breeding 
season ; such animals are called ‘monoestrous animals’(e.g., bitch), Other animals 
show many (more than one) estrous cycles in each breeding season ; they are called 
‘polyestrous animals’ (e. g., rat, mice, guineapig etc.). Like the menstrual cycle, in 
estrous cycle also, the uterine endometrium is developed in anticipation of pregnancy 
and then it is disintegrated if pregnancy does not occur. But in estrous cycle, there 
is no vaginal bleeding (like the ‘menstruation’ of primates) and the disintegrating 
endometrium is absorbed. In both menstrual and estrous cycles, ovulation occurs at 
the midcycle. But in animals showing estrous cycle, the time of ovulation is marked 
by intense sexual desire of the female ; this is known as heat period or estrus. Only 
during this phase, the female animal receives the male i.e., permits copulation. Thus, 
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in non-primate mammals, copulation is restricted to a particular period of estrous 
cycle whereas in menstruating mammals (primates), copulation can occur at any 
time. 

A Phases of estrous cycle : 

The estrous cycle is divided into following four phases that can be detected by 
examining the vaginal smears. 

[1] Proestrus— It is comparable to the proliferative phase of menstrual cycle in 
which estrogen secreted by the maturing follicle causes proliferation of uterine and 
vaginal epithelium. 

[2] Estrus (Heat period)— It is the period of sex desire and ovulation caused 
by high level of estrogen. In each estrus phase several ova are released. In some 
animmals (e. g., cat, rabbit etc.), ovulation does not occur in absence of copulation. 
Such animals are called post-copulatory ovulators or reflex ovulators in which the 
ovulatory LH surge is caused by neural stimuli originating from vagina during 
copulation and not by high estrogen level. 

[3] Metestrus — It is the luteal phase in which progesterone secreted by corpora 
lutea maintains the uterine changes. In absence of pregnancy the corpora lutea 
degenerate causing degeneration of the uterine mucosa. In some species, the corpora 
lutea remain active for longer periods (even in absence of pregnancy) causing 
pregnancy-like changes ; it is called pseudopregnancy. 

[4] Diestrus and Anestrus— These are periods of sexual dormancy in between 
consecutive estrous cycles. Diestrus is the interval between end of metestrus and 
onset of next proestrus whereas anestrus is the interval between two breeding seasons. 
Thus, in monoestrous animals, the diestrus and anestrus are same. 


10.5. Fertilization 


© Definition: Fertilization is the process of union of male and female gametes 
(sperm and ovum) in which the sperm nucleus fuses with the ovum nucleus to form 
a diploid cell called zygote. 

© Site of fertilization: In humans, fertilization normalfy occurs in the outer or 
middle portion of the fallopian tube. 

© Time of fertilization : Ovulation occurs in the middle of the menstrual cycle 
(ie. at about the 14th day from the first day of last menstruation) when usually a 
single ovum (secondary oocyte) is released from either ovary alternately. Then the 
released ovum enters into the fallopian tube and if it is not fertilized within 15-18 
hours, it degenerates. The sperms deposited into the vagina of the female reproductive 
tract remain alive for about 72 hrs. But they retain the capacity to fertilize for about 
48 hrs only. So, fertilization is possible only if copulation occurs within the period 
extending from 48 hrs before to 1 5-18 hrs after ovulation. The chance of fertilization 
in maximum if copulation is done in the middle of the menstrual cycle whereas it 
is minimum in the first and fourth weeks of the cycle. 

@ Process of fertilization : The female gamete (ovum) is released from the 
ovary in the form of secondary oocyte surrounded by a layer of granulosa cells 
called corona radiata. During ovulation, the infundibulum of the fallopian tube almost 
covers the ovary so that the ovum is swept into the tube. The ovum is then carried 
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down the tube by fluid currents generated by ciliary movements of the lining epithelium 
and peristaltic movement of the tube. The external envelope (or plasma membrane) 
of the ovum called vitelline membrane remains surrounded by a thick transparent 
covering known as zona pellucida. There is a narrow space, the perivitelline space 
in between these two membranes. The zona pellucida is externally covered by a cell- 
layer called corona radiata formed by radially arranged granulosa cells of the 
cumulus oophorus. 
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Fig. 10.12: The process of fertilization. 
[A] Sperms enricle the ovum, IB] Dipersion of corona radiata cells, 
[C] Dissolution of zona pellucida, [D] Penetration of ovum membrane by a single sperm, 
[E] Fusion of sperm nucleus with the ovum nucleus, 


Although the ovum is fertilized by a single sperm, numerous sperms are required 
for successful fertilization. The semen ejaculated into the vagina during copulation 
contains millions of sperms. Decrease in number of sperms in the ejaculate reduces 
the chance of fertilization. For fertilization, the sperms have to travel from vagina to 
fallopian tube and penetrate the coverings of the ovum (corona radiata, zona pellucida 
and vitelline membrane). The sperms deposited in vagina move into the fallopian 
tube through cervix and uterus due to lashing of sperm tails (swimming of sperms) 
as well as movements of uterus and fallopian tube. However, many sperms are lost 
because a considerable part of the ejaculate is expelled from the vagina and some 
sperms are destroyed in the uterus. Sperms become capable of fertilizing the ovum 
only after they stay in the female genital tract for a few hours (usually about 7 hours) 
during which they undergo an activating process. The process of activation of sperms 
in the female genital tract by which they acquire the power of ‘fertilization is called * 
capacitation. It facilitates—(1) motility of sperms (ii. e., lashing of sperm-tails) and 
(2) the acrosome reaction (see below) to enable the sperms to penetrate the ovum. 
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Out of the millions of sperms deposited in vagina only 50-100 sperms reach the 
ovum in the follopian tube. When the sperms meet the ovum, the acrosomal cap on 
the head of the sperms ruptures to release hydrolytic enzymes e.g., ` hyaluronidase, 
acrosin etc., stored in it. These enzymes are collectively called sperm lysins which 
help the sperm in penetrating the barriers around the oocyte. The phenomenon of 
breakdown of acrosome and release of enzymes from it is known as acrosome 
reaction (or acrosomal reaction). The enzyme hyaluronidase causes dispersion of 
corona radiata cells by digesting the intercellular cementing substance (hyaluronic 
acid) so that the sperms get access to zona pellucida. Then many sperms become 

attached to zona pellucida which has special receptor sites to bind the sperm heads. 
The binding of sperms with zona is species specific; hence, sperms of one species 
cannot bind and fuse with ovum of a different species. The sperm head attached to 
zona releases a proteolytic enzyme called acrosin which digests the zona to make 
a hole in it through which the head of the sperm enters into the perivitelline space 
and touches the vitelline membrane (plasma membrane of the oocyte). Then the head 
of the sperm fuses with the oocyte membrane and the sperm nucleus is engulfed by 
the oocyte leaving the sperm tail outside. The fusion of sperm head and oocyte 
membrane is mediated by fertilin, a protein present on the surface of sperm head. 
As soon as a sperm nucleus enters the oocyte, the lysosomes in the outer region of 
the oocyte, also known as cortical granules, release their enzymes which cause the 
zona pellucida to thicken and harden, forming the ‘fertilization membrane. This is 
called cortical reaction which prevents entry of any other sperm and therefore 
polyspermy (fertilization of the ovum by more than one sperm). These enzymes also 
destroy the sperm receptor sites so that other sperms can no longer bind to zona 
pellucida. Immediately after entry of the sperm nucleus, the secondary oocyte 
undergoes second meiotic division to produce the ovum and the second polar body. 
The second polar body degenerates and the ovum nucleus enlarges to form a female 
pronucleus. By this time, the sperm nucleus also swells to form a male pronucleus. 
Finally, these two haploid pronuclei fuse together to complete the process of 
fertilization, forming a diploid nucleus. The fertilized ovum having the newly formed 
diploid nucleus is now called zygote which contains two sets (23 pairs) of 
chromosomes, one set (23) derived from the sperm (father) and the other set (23) 
derived from the ovum (mother). 

© Purpose of fertilization: Fertilization results in—(1) restoration of the diploid 
number of chromosomes, (2) sex determination of the new individual and (3) initiation 
of cleavage (see below). 


10.6. Implantation 


© Definition : The process by which the blastocyst developed from the fertilized 
ovum (zygote) is embedded in the uterine endometrium is called implantation or 
nidation. 

% Time of implantation : Implantation usually occurs after 6-9 days from 
fertilization. During this interval, the zygote is carried to uterus and transformed into 
blastocyst, and the endometrium is prepared for implantation under the influence of 
progesterone. 
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© Site of implantation : The normal site of implantation is usually the dorsal 
wall of uterus, In abnormal cases when the developing zygote fails to reach the 
uterus, it may be implanted. in the fallopian tube. This leads to tubal (or ectopic) 
pregnancy which can never succeed because the fallopian tube cannot expand 
much to accommodate the growing embryo. So, such a pregnancy must be terminated, 
otherwise it may become fatal for the mother due to rupture of fallopian tube. 

Process of implantation : After fertilization, the rapidly dividing zygote moves 
down to uterus by the ciliary action and peristaltic movement of the fallopian tube. 
This journey takes about 3-4 days during which the zygote develops into a solid ball 
of cells called morula surrounded by the zona pellucida. During the next 3-4 days, 
while floating freely in the uterine cavity, the morula develops into a blastocyst (or 
blastula) within the zona pellucida. Blastocyst is like a hollow ball covered by a 
cell-layer called trophoblast, with a thickening at one side due to formation of an 
inner cell mass. After formation of blastocyst, the zona pellucida disappears and the 
exposed cells of trophoblast attach to the surface of endometrium. The attaching 
region of trophoblast overlies the inner cell mass and differentiates into two layers— 
an outer syncytiotrophoblasts (a multinucleated mass without cell boundaries) and 
an inner cytotrophoblast (made up of individual cells with distinct cell boundaries). 
The syncytiotrophoblast has active invasive properties and erodes the endometrium 
by releasing proteolytic enzymes. As a result of this, the blastocyst burrows into the 
endometrium and becomes completely embedded in it. Dissolution of endometrium 
by proteolytic enzymes provides a cavity for implantation and also the nutrients for 
the developing embryo. 
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Fig. 10.13 : Fertilization and implantation. 
[1-4 = Fertilization ; 5-7 = Cleavage and morula formation ; 8-9 = Blastula] 


At the time of implantation, the endometrium is at the height of secretory phase. 
The endometrial secretion supplies nutrients for the growing blastocyst and ‘also 
attracts the blastocyst by chemotropism, for implantation. The endometrial tissue at 
the site of implantation undergoes dramatic changes and becomes highly vascularised 
which is known as decidua. Soon after implantation, the trophoblast forms the 
chorion with finger like projections (chorionic villi) growing into the decidua. The 
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chorion and decidua form the placenta. The inner cell mass forms the three germ 
layers ectoderm, mesoderm and endoderm, and the embryo is then called gastrula. 
From the three germ layers, all tissues and organs are formed. 


10.7. Cleavage And Formation Of Morula, Blastula And Gastrula 


@ Cleavage and morula formation: 

Immediately after fertilization, the fertilized ovum (zygote) becomes active and 
undergoes repeated cell division to start embryogenesis (formation of embryo). The 
first phase of embryogenesis is called cleavage or segmentation in which the zygote, 
while passing down the fallopian tube into the uterus, divides several times very 
rapidly to form a solid ball-like cell mass known as morula. Thus, cleavage is 
defined as the process of early successive division of zygote in the follopian tube 
leading to formation of morula. The cells formed by cleavage are called blastomeres. 
Cleavage involves a series of rapid mitotic divisions of the zygote without growth 
in size, because the cells (blastomeres) continue to be retained within the zona 
pellucida. Cleavage divisions are associated with synthesis of DNA, but no synthesis 
of cytoplasm. Thus, the newly formed blastomeres gradually become smaller and 
smaller at this stage. The first cleavage division usually forms two blastomeres of 
unequal size. The larger one divides next, producing a three-cell stage. There after, 
the divisions are irregular, and when the embryo reaches 16-32 cell stage, it is called 
morula. The morula is a mulberry-shaped solid mass of blastomeres surrounded by 
zona pellucida, formed by cleavage of the fertilized ovum (zygote). The size of 
morula is same as that of zygote. Cleavage and morula formation is completed 
within 3—4 days after fertilization, during passage of the embryo to uterus. 
© Formation of blastula : 

The developing embryo subsequent to morula stage, having a fluid filled central 
cavity is called blastula or blastocyst. When the morula enters the uterus, it still 
remains within the zona pellucida and floats freely in the uterine cavity. The cells 
of morula are highly active and undergo rearrangement to form the blastula. The 
process of formation of blastula from morula is called blastulation. During this, at 
first some fluid-filled spaces appear between the centrally placed cells of the morula. 
These spaces soon coalesce to form a large central cavity. At this stage, the embryo 
is called blastula or blastocyst, and its cavity is called blastocoel or segmentation 
cavity. The fluid in blastocoel originates from (1) infiltration of uterine fluid, 
(2) secretion by blastomeres and (3) dissolution of central blastomeres. The blasto- 
cyst is a single layered hollow ball of cells encircling a fluid filled cavity. Its covering 
wall is called trophoblast (or trophectoderm) within which is an eccentrically 
placed cell cluster (forming a thickening at one side) known as inner cell mass (or 
embryoblast). The trophoblast does not take part in formation of embryonic body 
but it helps in implantation and formation of chorion and placenta to nourish the 
embryo and maintain pregnancy (tropho=to nourish or support; hence, the name 
trophoblast). The inner cell mass is destined to form the body of the embryo proper 
(hence also called embyoblast). Formation of blastula from morula takes about 
34 days after which the blastula is implanted (described earlier). The fluid filled 
cavity of blastocyst (i. e., blastocoel) forms the amniotic sac (or amniotic cavity) 
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containing the amniotic fluid which surrounds the developing embryo and acts like 
a cushion to protect the embryo (fetus)* from mechanical shock throughout gestation. 


© Formation of gastrula : 

Immediately after implantation of blastocyst, the three germ layers namely 
ectoderm, mesoderm and endoderm are formed in the developing embryo. These 
three layers are called ‘germ’ layers because they give rise to all the tissues and 
organs of the developing young. The stage of developing embryo in which the three 
germ layers have been formed is called gastrula and the process of formation of 
gastrula from blastocyst is called gastrulation. 

Gastrualation is the most dynamic process of embryonic development involving 
formation of germ layers from the inner cell mass of the blastocyst: As the implanted 
blastocyst increases in size, the cells of the inner cell mass form a structure called 
embryonic disc which gives rise to the embryo proper. The cells of the embryonic 
disc differentiate at an early stage into two layers - an inner layer called endoderm 
and an outer layer called ectoderm. At a later stage, a third layer called mesoderm 
is formed in between ectoderm and endoderm. Gastrulation occurs 10 - 11 days after 
fertilization. 


10.8. Pregnancy Or Gestation 


Development of the fertilized ovum within the maternal body is termed pregnancy 
or gestation. Missing of menstruation is the first indication of pregnancy and during 
the whole period of pregnancy, ovulation and menstruation remain stopped. Although 
pregnancy begins after fertilization, it is clinically counted from the onset of last 
menstrual period. The average normal duration of pregnancy (or gestation period) is 
about 280 days or 40 weeks from the first day of the last menstrual period (i. e., 
about 266 days from fertilization). Pregnancy is maintained by the hormones of 
chorion and placenta (e.g., HCG, estrogen, progesterone etc.). Pregnancy tests are 
based on presence of HCG in urine. 

After completion of the fetal development (i.e., at the end of pregnancy), the 
fetus is expelled from the uterus through the vagina. This is called delivery or 
parturition which is aided by active contraction of the uterus (i e., uterine smooth 
muscles) and dilatation of the cervix and vagina. Two hormones, oxytocin and 
relaxin, help in parturition. Oxytocin of posterior pituitary stimulates uterine 
contraction, Relaxin secreted by placenta, uterus and ovary helps in relaxation of the 
pelvic ligaments and cervix. 


10.9. Sex Determination 


Sex determination is a genetic phenomenon and depends on the constitution of 
sex chromosomes. The diploid cells of human beings (both males and females) 
contain 46 chromosomes each, Of these 44 are called autosomes and the remaining 
two which are responsible for determination of genetic sex are called sex 
chromosomes. In females, the sex chromosomes are identical called XX which 
contain ‘female’ determining genes. On the other hand, in males, the sex chromosomes 
are not identical and represented as XY of which the Y chromosome carries the 
‘male’ determining genes. 

* In human reproduction, the term embryo refers to the developing young in the uterus upto 
7th-9th weeks of pregnancy, until all the major organs (structures) are formed, In the remaining part 


of pregnancy ile, from 7- 9 weeks of pregnancy until birth, the developing young is called fetus 
(or foetus). 
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As described earlier, the ovum (haploid) contains 22 + X chromosomes while the 
sperms may be of two kinds, one containing 22 + X and the other 22 + Y 
chromosomes. The ovum may be fertilized by either kind of sperm leading to formation 
of either of the two kinds of zygotes which produces offspring of the corresponding 
sex genotype as follows : 

Ovum (22 + X) + Sperm (22 + X) = Offspring (44 + XX) = Female 

Ovum (22 + X) + Sperm (22 + Y) = Offspring (44 + XY) = Male 

Thus, the genetic sex is determined exclusively by the sperm and is totally 
independent of the ovum. That means, the father alone is responsible for the sex of 
the child, and a mother can by no means be accused for giving birth to a daughter. 


ee u REVISIONEN ee ee o a E 


Menstrual cycle—Sex cycle of woman and other female primates, 
Estrous cycle Sex cycle of female non-primates. 
Menstruation—Shedding of endometrium as vaginal bleeding (period) occurr- 
ing at regular intervals in non-pregnant adult female primates. 

Estrus—Sexual heat period of non-primate females. 

Menarche—Appearance of menses (menstrual cycles) in a girl indicating puberty. 
Menopause—Permanent cessation of menstruation in a woman indicating the 
end of her sexual life. 

Monoestrous animals—Animals showing a single estrous cycle throughout an 
entire breeding season. 

Polyestrous animals—Animals showing more than one estrous cycles in each 
breeding season. 

Fertilization—Process of union of male and female gametes. 
Capacitation—Activation of sperms in the female genital tract for acquisition of 
full power of fertilization. 

‘Acrosome reaction—Breakdown of acrosome of sperm head and release of 
enzymes from it for penetrating the ovum. 

Cortical reaction—Release of enzymes from fertilized ovum for formation of 
fertilization membrane and prevention of polyspermy. ? 

Fertilization membrane—The tough covering formed around the ovum just after 
fertilization to prevent polyspermy. 

Pronucleus—The nucleus of sperm or ovum before their fusion in the fertilized 
ovum. 

Implantation (Nidation)—Embedding of the embryo (blastocyst) in the uterine 
endometrium. 

Cleavage—The series of mitotic divisions of the zygote, forming the morula. 
Blastomere—A cell formed by cleavage of zygote. 

Morula—The mulberry-shaped solid mass of blastomeres formed by cleavage of 
the zygote. 

Blastula (Blastocyst)—The developing embryo having a central fluid filled cavity 
(blastocoel). s 

Gastrula—The developing embryo in which the three germ layers have been 
formed. 

Pregnancy—Development of embryo in the mother’s body. ; 
Parturition—Delivery of the fetus from the mother’s body (ite, child birth). 
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10.10. A Few Comparisons 
10,10.1. DIFFERENCE BETWEEN TESTIS AND OVARY 


[1] It is the female gonad. 


[1] It is the male gonad. 


It is situated within the abdominal 
cavity. 


cavity, within the scrotum. 
[3] It produces sperms. [3] It produces ova. 
[4] It secretes 2 hormones-androgens | [4] It secretes 4 hormones—estrogens, 
and inhibin. progesterone, relaxin and inhibin. 


[5] Itremains active for more prolonged [5] It remains active for a relatively shorter 
period, from puberty till death. period, from puberty to menopause. 


10.10.2. DIFFERENCE BETWEEN PRIMARY SEX ORGANS AND 
SECONDARY (OR ACCESSORY) SEX ORGANS 


Primary sex organs Secondary sex organs 


[1] In each sex, they are of single kind | [1] In each sex they are of several kinds 

(testis in male and ovary in female). (epididymis, seminal vesicle, 
prostate, Cowper’s gland etc., in 
males and vagina, uterus and 
fallopian tube in females). 

[2] They help in storage, transport and 
union of gametes. 

[3] They secrete the fluid transporting 
the gametes. 

[4] They are controlled by the pituitary | [4] They are controlled by sex hormones 

gonadotrophins. secreted by the primary sex organs. 


[2] They form gametes (sperms and ova). 


[3] They secrete sex hormones. 


10.10.3. DIFFERENCE BETWEEN HUMAN MALE GAMETE (SPERM) AND 


FEMALE GAMETE (OVUM) 
Male gamete (Sperm) Female gamete (Ovum) 
[1] Produced in ovary. 


[1] Produced in testis. 

[2] Long and motile cell with flagella ; | [2] Spherical, large and non-motile. 
consists of a head, middle piece and 
tail. 

[3] Negligible amount of cytoplasm is 
present. 


[4] Produced in large numbers. 


[3] Bulky cytoplasm is present. 


[4 


— 


Produced in single in every 
menstrual cycle. 

May be of one kind only, having 
chromosome number 22 + X. 


= 


[5] May be of two kinds, having 
chromosome number either 22 + X 
or 22+ Y.: 


[5 
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40.10.4. DIFFERENCE BETWEEN MENSTRUAL CYCLE AND ESTROUS 
CYCLE 


+ Menstrual cycle 


[1] Observed in female humans and 
other primates only. 

[2] Occurs throughout the year. 

[3] „Characterized by vaginal bleeding. 

[4] The disintegrating endometrium ` 
passes out in menstrual flow. 

[5] Copulation can occur at any time of 

the cycle. 


10.10.5. DIFFERENCE BETWEEN SPERMATOGENESIS AND OOGENESIS 


Spermatogenesis: 


[1] It occurs in testis. [1] It occurs in ovary. 
[2] Inits meiotic divisions, the daughter | [2] In its meiotic divisions, the daughter 
cells formed are of equal size and no cells formed are of unequal size and 


[1] Observed in non-primate mammalian 
female animals. 

[2] Occurs in breeding season only. 

[3] Vaginal bleeding does not occur. 

[4] The disintegrating endometrium is 
« absorbed. 

[5] Copulation usually occurs only 
during the ‘estrus’ (heat period). 


polar body is formed. polar body is formed. 
[3] Four sperms are formed from each [3] Only one ovum is formed from each 
primary spermatocyte. primary oocyte. 


[4] Itis completed not in the ovary but in 

the reproductive tract of the female. 
[5] It begins from puberty but does not 
continue throughout the rest of life 
and stops at menopause. 


10.10.6. DIFFERENCE BETWEEN SPERMIATION AND OVULATION 


[1]It is the process of release of sperms 
from the Sertoli cells under the 
influence of LH. 

[2] Many sperms are released at a time. 

[3] Sperms are released within the testis. 

[4] During this, there is no hemorrhage 

in testis. 


[4 


It is completed within testis. 


[5] Itbegins from puberty and continues 


throughout the life. 


[1] It is the process of relase of ovum 
from graafian follicle under the 
influence of LH. 

[2] Only one ovum is released at a time. 

[3] Ovum is released outside the ovary. 

[4] During this, due to rupture of the 

graafian follicle, hemorrhage occurs 

in the ovary. 


10.11. Matters To Recollect 


tS The reproductive system is made up of primary and secondary (or accessory) 
sex organs. 
be The organs which produce the gametes are called primary sex organs or gonads, 
e.g., testis in male and ovary in female. 
t= Reproductive organs other than the gonads are called secondary (or accessory) 
sex organs. 
t= Characteristic features developing in the body at the time of puberty, by which a 
male can be distinguished from a female, are called secondary sex characters. 
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w Penis is a secondary sex organ of males but mammary gland is a secondary sex 
character of females. 

Secondary sex characters are developed due to secretion of sex hormones. 
Testis produces sperms (male gametes) and secretes the hormones-androgen 
(testosterone) and inhibin. 

Ovary produces ovum (female gamete) and the hormones-estrogen, progesterone, 
relaxin and inhibin. ; : 
Reduction division occurs during formation of secondary spermatocyte from 
primary spermatocyte in testis and formation of secondary oocyte from primary 
oocyte in ovary. 

Menstrual cycle occurring in female humans and other primates is characterized 
by periodic vaginal bleeding. 

Estrous cycle occurs in female non-primate mammals and is characterized by 
periodic sexual heat. 


ROR JA 


7 ; 
Ovulation occurs in the middle of menstrual or estrous cycle and it releases the 


is 

1 

6 
secondary oocyte (not ovum). 

c= A human female is capable of reproduction during the period from puberty to 
menopause. 

r Fertilization occurs in the fallopian tube. 

t The fertilized ovum is implanted at blastocyst stage. 

. Acrosome reaction occurs in sperm and cortical reaction occurs in the fertilized 
ovum, 

«> In human females, the duration of menstrual cycle is about 28 days and the 
duration of pregnancy is about 280 days from the first day of last menstruation. 

1 Genetic sex of the fetus is determined by the sperm and not the ovum. 


10.12. Summary 


The process of producing offsprings is called reproduction and the organs 
concerned with this collectively constitute the reproductive system. Reproductive 
organs are grouped as primary sex organs or gonads that are responsible for 
production of gametes and accessory sex organs which are concerned with storage 
and transport of gametes. 

The male gonads are a pair of testes which lie within the scrotal sac situated at 
the junction of two legs. The male accessory sex organs include the reproductive 
tract (epididymis, vas deferens, ejaculatory duct and urethra), the accessory sex 
glands (seminal vesicle, prostate and Cowper’s gland) and the penis (male external 
genitalia). The penis, urethra and seminal vesicle are single while others are paired 

structures. Each testis consists of numerous seminiferous tubules within which 
sperms are produced. In between the tubules, there are Leydig cells which secrete 
the male sex hormone or androgen (testosterone). This steroid hormone is responsible 
for development of secondary sex characters and accessory sex organs of the males. 
The stetoli cells present within the seminiferous tubules secrete a peptide hormone— 
inhibin and an androgen binding protein (ABP). 

The female gonads are a pair of ovaries lying within the pelvic cavity. The 
accessory sex organs of females include a pair of fallopian tubes, the uterus and the 
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vagina. The ovaries contain graafian follicles at different stages of maturation within 
which ovum is formed. After complete maturation, the follicles rupture to release 
the ovum (secondary oocyte) and the ruptured follicle is converted to corpus luteum. 
Graafian follicle and corpus luteum secrete the chief female sex hormones estrogen 
and progesterone respectively. These steroid hormones develop the secondary sex 
characters and control the reproductive functions of the females. The ovaries also 
secrete two peptide hormones—relaxin and inhibin. The female reproductive system 
shows cyclic behaviour. The sex cycles of female humans and other primates is 
called menstrual cycle while that of the female non-primate mammals is called 
estrous cycle. 

Union of male and female gametes is called fertilization which occurs in the 
outer or middle portion of the fallopian tube. The fertilized ovum (zygote) undergoes 
cleavage to form morula, which on entering into the uterus, is transformed into 
blastocyst and then implanted. After this, the three germ layers ectoderm, mesoderm | 
and endoderm are formed, and the embryo is then called gastrula which finally 
forms the full grown fetus. The duration of pregnancy is about 280 days from the 
beginning of last menstruation after which the fetus is expelled from uterus through 
vagina by a process called delivery or parturition. 


10.13. Naming / Discovery / Discoverer 


[1] Louis Pasteur (1822-1895) first proved that living organisms always originate 
from pre-existing ones similar to themselves. 

[2] The sustentacular cells of testis were named as Sertoli cells after E. Sertoli 
(1842-1910), an Italian anatomist. 

[3] The interstitial cells of testis were named after Leydig as Leydig cells. 

[4] Regner de Graaf (1641-1673) first described graafian follicle. 

[5] Heape (1901) coined the term ‘estrus’ to denote the period of sexual heat of the 
female animals. 

[6] Hisaw (1926) discovered relaxin. 

[7] Aschheim and Zondek (1927) discovered HCG in the urine of pregnant woman. 

[8] Doisy (1935) discovered estrogen. 

[9] David et. al. (1935) first isolated and named testosterone. 


10.14. Some Diseases/Disorders Related To Reproductive System 


[1] Abortion : Premature expulaion of the fetus ; may be natural (or spontaneous) 
or artificial (or induced). 

[2] Adrenogenital syndrome: Pseudohermaphroditism and virilism (presence of 
male characters in women) due to hyper functioning of adrenal cortex. 

[3] Amenorrhea : Absence of menstruation. 

[4] Anovular (or anovulatory) menstruation : Menstruation (menstrual cycle) 
not associated with ovulation. 

[5] Azoospermia : Absence of spermatozoa in semen. 

[6] Cervicitis : Inflammation of the uterine cervix or neck of the uterus. 

[7] Cervical hostility : Unfavourable condition (or environment) of the uterine 
cervix for the sperms. 
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Cryptorchism (or cryptorchidism) : Undescended or intra-abdominal testes. 
Dysmenorrhea : Painful menstruation. 

Endometritis : Inflammation of the endometrium. 

Gynecomastia : Development of breasts (mammary glands) in a male. 
Impotence : Partial complete inability of the male to perform sexual act. 
Infertility : Inability to produce offsprings. 

Metrrhagia : Excessive menstruation. 

Metrorrhea : Abnormal uterine discharge. 

Morning sickness : Nausea (or tendency to vomit) of early pregnancy. 
Oligospermia : Deficiency (i.e., reduction in number) of sperms in the semen. 
Polymenorrhea : Abnormally frequent menstruation. 

Vaginitis : Inflammation of the vagina. 

Virilism : Presence of male characteristics in women. 


10.15. Answers To Special Questions 


1] 


Ans. 


[2 
Ans. 


= 


[3 


Ans. 


[4] 
Ans. 


[5] 


Ans. 


What are ovarian hormones ? [J.E.E. 1983, 86] 
or 
Name the ovarian hormones. [J.E.E. 1985] 
Ovary secretes two steroid hormones called estrogen and progesterone and two 
peptide hormones called relaxin and inhibin. 
Mention the main functions of testis ? [J.E.E. 1987] 
Testis performs two functions—(i) Formation of sperms (ie. spermatogenesis) 
within the seminiferous tubules and (ii) Secretion of androgens (male sex 
hormones) from the interstitial cells of Leydig. 
(a) What is ovulation ? (b) Explain what happens to the ruptured graafian 
follicle ? IJ. E. E. 1988] 
(a) Ovulation is the process of rupture of the mature graafian follicle for 
discharge of the ovum (secondary oocyte) into the fallopian tube. In adult human 
females, it occurs alternately from either ovary at about the middle (14th day) of 
each menstrual cycle. 
(b) After ovulation, the cells in the remnant of ruptured graafian follicle multiply 
rapidly to fill up the cavity of the follicle and form a solid mass of cells called 
corpus luteun. It is so named because the cells present in it contain a yellow 
pigment called lutein. The corpus luteum secretes the hormones progesterone 
and relaxin. It degenerates and disappears after two weeks in absence of 
pregnancy. But if pregnancy occurs, the corpus luteum is maintained for about 
three months and then degenerates. 
What is graafian follicle ? IJ. E. E. 1990] 
An ovarian follicle in which antrum formation has occured is known as graafian 
follicle. Within this follicle, formation of ovum (oogenesis) takes place and it 
secretes the hormone estrogen. 
(a) What is pronucleus ? (b) What is zona pellucida ? (c) What is 
accomplished by fertilization ? [J.E.E. 1991] 
(a) The newly fertilized ovum contains two nuclear bodies each of which is 
called pronucleus. One of these is derived from the sperm nucleus and is called 
male pronucleus while the other derived from the ovum is called female 
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pronucleus. These two nuclear bodies fuse to form the diploid germinal nucleus 
(zygote). 

(b) zona pellucida is a thick, extracellular, transparent membranous covering 
surrounding a mammalian ovum. 

(c) Fertilization accomplishes—(i) Restoration of diploid stage, (ii) Sex 
determination of the fetus and (iii) Activation of the egg for initiation of cleavage. 


[6] Distinguish between ureter and uterus. [J.E.E. 1993] 
Ans. Ureter is a slender urinary duct or tube originating from kidney and opening 
into the urinary bladder. 
Uterus is the last wide part of fallopian tube or female reproductive tract within 
which the fetus is developed. 


[7] What is prostate gland ? IJ. E. E. 1994] 
Ans. Prostate gland is a male accessory sex organ located at the base of the urinary 
bladder and it surrounds the first part of urethra. Secretion of this gland helps to 
form semen. 
[8] (a) What is the number of chromosomes in human spermatozoa ? 
[J.E.E. 1996] 


Ans. (a) 23. 
[9] (a) What is testosterone ? From where is it secreted ? (b) Name the different 
histological structures of ovary of human. [J.E.E. 1996] 


Ans. (a) Testosterone the chief male sex hormone (or androgen). It is secreted from 
the interstitial cells of Leydig of testis. 


(b) Germinal epithelium, Tunica albuginea, Stroma, Primordial follicle, Graafian 
follicle, Corpus luteum, Interstitial cells. 


[10] What are the changes in male and female at puberty ? [J.E.E. 1998] 


Ans. 
Pubertal changes in males Pubertal changes in females 


[1] Body grows in length with muscular | [1] Body grows in length and breadth 

growth to form a masculine body. with deposition of fat at different 
parts. 

[2] Breasts develop and pelvis become 
broad and heavy. 

[3] Devlopment of pubic and axillary 

hairs. 


Appearance of beard and moustache. 


[3] Development of hairs on axilla, pubic 
region and other parts of the body like 
chest, back etc. 

[4] Voice becomes deep and hoarse 

(male type voice). 

Male sex organs (both primary and 

accessory) grow and become mature. 

Formation and discharge of semen 

(ejaculation). 

[7] Appearance of sex desire and 

attraction toward females. 


[4] Voice becomes feminine and high 
pitch type. 

[5] Female sex organs (both primary and 
accessory) grow and become mature. 

[6] Appearance of menses. 


[5 


[6 


[7] Appearance of sex desire and 
attraction toward males. 
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(a) Name the cells from which testosterone is secreted. (b) What is major 
source of androgen in female ? [J-E.E. 1998] 
(a) Interstitial cells of Leydig of the testis. 

(b) Adrenal cortex. 
What is graafian follicle ? (b) What is ovulation ? (e) What is corpus luteum? 
(d) Mention the common site of fertilization in the fallopian tube. (e) What 

is zygote ? (f) What is amenorrhoea ? [J.E.E. 1999] 
(a) See answer to Q-4. 

(b) See answer to Q-3(a). 

(e) Corpus luteum is an ovarian endocrine tissue developed from the residual 
mass of graafian follicle after ovulation. It secretes two hormones progesterone 
and relaxin. 

(d) Outer or middle portion of fallopian tube. 

(e) Zygote is the diploid cell formed immediately after fertilization (i.e., union 
of male and female gametes) from which a multicellular organism develops. 
(f) Amenorrhoea means absence of menstruation in the sexual life of a woman. 
(a) What are gonadal anabolic hormones ? Why they are called so ? 
(b) Name the specific gonadal cells from which they are secreted. (c) What 
is an atretic follicle ? [J.E.E. 2000] 

(a) Gonadal anabolic hormones are ‘testosterone’ in males and ‘estrogen’ in 

females. These hormones are called anabolic because they produce a positive 

nitrogen balance and promote muscle growth in the body. 

(b) In males, testosterone is secreted from the Leydig cells of testis. In females, 

estrogen is secreted from granulosa and thecal cells of the graafian follicle of 

ovary. 

(e) An oyaian follicle which has involuted (degenerated) and undergone fibrosis 

due to failure of maturation is called atretic follicle. 

What do you mean by oogenesis ? [J.E.E. 2004] 

Oogenesis is the process of formation of ovum (female gamete) from the primitive 

germ cells (oogonium) present in ovary. It occurs with maturation of the graafian 

follicles. However, it is not completed within ovary and the female gamete is 
released from the ovary in secondary oocyte stage which finally forms the ovum 
when it is fertilized in the fallopian tube. 

What do you mean by ‘gonads’ ? [H.S. 1992] 

Gonads are gamete producing organs or the primary sex organs. Testes (singular 

‘testis’) are the male gonads and ovaries (singular ‘ovary’) are the female gonads. 

(a) Describe in brief the structure of ovum (b) What is corpus luteum ? 

Write down its functions. H. S. 2002] 
(a) An ovum released at ovulation is a secondary oocyte. It is a round or oval 
shaped cell with haploid nucleus. The cell is surrounded by its plasma membrane 
called vitelline membrane outside which lies the first polar body. The oocyte 
and the polar body are enclosed in another covering called zona pellucida. 
There is a narrow space called perivitelline space in between vitelline membrane 
and zona pellucida. The zona pellucida is covered by the cells of corona radiata 
derived from cumulus oophorus. 

(b) See answer to Q-12 (c). 


[17] 
Ans. 
[18] 


Ans. 


[19] 
Ans. 
[20] 


Ans. 
[21] 


Ans. 


[22] 
Ans. 


[23] 


Ans. 
[24] 


Ans. 


[25] 
Ans. 


[26] 
Ans. 


REPRODUCTION AND DEVELOPMNTAL BIOLOGY 1333 


Name the accessory sex organs of man and woman. 

Man—Epididymis, Vas deferens, Ejaculatory duct, Urethra, Seminal vesicle, 
Prostate gland, Cowper’s gland and Penis (or the male genitalia). 
Woman—Fallopian tube, Uterus, Vagina and Bartholin glands. 

What do you mean by secondary sex characters ? Name the secondary sex 
character of man and woman. 

(a) Characteristic fatures appearing in the body at the time of puberty, by which 
a male can be distinguished from a female, are called secondary sex characters. 
(b) Male seondary sex characters are beard, moustache, axillary and pubic hairs, 
deepening (or hoarseness) of voice etc. 

Female secondary sex characters include breasts (mammary glands), axillary 
and pubic hairs, deposition of fat in particular parts of the body (e.g., hip, thigh 
etc.) and broadening of the pelvis. 

What is scrotum ? 

Scrotum or scrotal sac is a pouch of skin within which the testes are located. 
Which one of the following is the primary sex organ of males ? 

[i] penis, [ii] testis, [iii] sperm, [iv] urethra. 

Testis. 

Which one of the following is an accessory sex organ ? 

[i] testis, [ii] sperm, [iii] penis, [iv] scrotum. 

Penis. 

How does the urethra of man and woman differ ? 

The urethra of man is relatively longer and it is an urinogenital organ i.e., an 
organ which is included in urinary system as well as reproductive system. The 
urethra of woman is shorter and it is exclusively an excretory organ i.e., it is a 
part of urinary system but not of reproductive system. 

Which one of the following is a female accessory sex organ ? [i] vagina, 
[ii] ovary, [iii] placenta. 

Vagina. 

What do you mean by the terms—(a) spermatogenesis, 
(b) spermatocytogenesis and (c) spermiogenesis ? 

(a) Spermatogènesis is the process of formation of spermatozoa (mature sperms). 
(b) Spermatocytogenesis is the process of formation of spermatocytes and 
spermatids from spermatogonia by repeated cell divisions. 

(c) Spermiogenesis is the process of maturation of spermatids to spermatozoa. 
What is rete testis ? 

The seminiferous tubules of each testicular lobule unite to form a straight tubule. 
The straight tubules of the different lobules join in an irregular manner to form 
a network like (reticular) structure called rete testis which leads into the vasa 
efferentia emerging from the testis. 

What are the sustentacular cells of testis ? Mention their functions. 
Sustentacular cells are elongated supporting cells found within the seminiferous 
tubules of testis. They remain attached to the basement membrane and are 
arranged radially. These cells are also called Sertoli cells. 

Functions : (i) They provide nutrition (or nourishment) to the immature sperms. 
(ii) They secrete a peptide hormone called inhibin which inhibits FSH secretion 
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from pituitary. (iii) They also produce and secrete an androgen binding protein 
(ABP). 
What are Leydig cells ? Mention their functions. 
Leydig cells are interstitial cells of testis found in the connective tissue stroma 
present in between the seminiferous tubules. 
Function : These cells secrete the male sex hormones called androgens. 
What is spermiation ? 
Spermiation is the process of release of mature sperms into the lumen of the 
seminiferous tubule from the Sertoli cells, under the influence of LH of anterior 
pituitary. 
What is cryptorchidism (or eryptorchism) ? 
In the embryonic life, the testes begin to develop in the abdominal cavity and 
then descend into the scrotum before birth. Cryptorchidism or cryptorchism is a 
condition of undescended testis i.e., retention of one or both of the testes in the 
abdominal cavity of an individual. 
(a) In which phase of spermatogenesis, meiosis occurs ? (b) What are 
produced by it ? 
(a) Meiosis occurs in primary spermatocytes. 
(b) As a result of first meiotic (or reductional) division, two haploid secondary 
spermatocytes are produced from each primary spermatocyte. Each secondary 
spermatocyte then undergoes second meiotic (or equational) division to produce 
two spermatids. Thus, four spermatids are produced by meiosis from each primary 
spermatocyte. 
(a) What is acrosome ? (b) Mention its origin and function. 
(a) Acrosome is a cap-like structure covering the anterior two-thirds of the head 
of a mature sperm. 
(b) Origin-Acrosome originates from the Golgi body of the spermatid. 
Function-It helps in fertilization by releasing lytic enzymes like hyaluronidase, 
acrosin etc., which help in penetration of sperm into ovum. 
What do you mean by—(a) menstrual cycle, (b) menstruation, (c) menarche 
and (d) menopause. 
(a) The sexual cycle i.e., the cyclic changes occurring in the reproductive organs 
of adult women are referred to as menstrual cycle. It extends for about 28 + 3 
days or roughly one month, from the beginning of one menstruation to the 
beginning of the next menstruation. 
(b) During each menstrual cycle, the uterine endometrium is developed and 
finally shed out along with ruptured blood vessels and blood through the vagina. 
The phenomenon of vaginal bleeding at an interval of roughly one month is 
called menstruation. 
(c) Appearance of menstrual cycle in a girl indicating the onset of puberty is 
called menarche. 
(d) Menopause means permanent cessation of menstrual cycles in a woman 
which occurs at the age of 45-55 years. 
When in the menstrual cycle the chance of fertilization is maximum and 
minimum ? 
The chance of fertilization is maximum in the middle of the menstrual cycle 
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whereas the chance is minimum in the first and fourth weeks of the menstrual 
cycle. 

Why many sperms are needed for fertilization ? 

(a) Although the ovum is fertilized by a single sperm, many sperms are needed 
for fertilization because during fertilization, numerous sperms encircle the ovum 
and secrete an enzyme called hyaluronidase from their heads. This enzyme 
helps in dispersion of corona radiata cells by hydrolyzing the intercellular 
cementing material (hyaluronic acid) so that the sperms get access to the zona 
pellucida. 

What are estrous (or oestrous) cycle and estrus (or oestrus) ? 

The sex cycle of lower (non-primate) mammalian female animals is called estrous 
cycle. Its duration varies from species to species. Estrus is a phase of estrous 
cycle in which the female animal shows intense sexual urge due to high level of 
estrogen secretion. 

What are morula, blastocyst and blastocoel ? 

Morula is a mulberry-shaped solid cell mass formed by rapid multiplication 
(cleavage) of the fertilized ovum. The morula gradually enlarges and acquires a 
cavity within it ; this hollow, ball-like structure with a fluid filled central cavity 
is called blastocyst, and the cavity within it is called blastocoel. 

What is relaxin ? Mention its source and function. 

Relaxin is a protein hormone. It is secreted by ovary, uterus and placenta. Its 
function is to facilitate parturition by relaxing the pelvic ligaments and cervix. 
Mention the sources of (a) androgens, (b) estrogens and (c) progesterone. 
(a) Androgens—(i) Leydig cells of testis and (ii) Adrenal cortex. 

(b) Estrogens—(i) Graafian follicle of ovary (ii) Adrenal cortex and (iii) Placenta. 
(c) Progesterone—(i) Corpus luteum of ovary (ii) Adrenal cortex and (iii) 
Placenta. 

Mention the longivity of ovum and sperm within the female genital tract. 
Ovum—About 15-18 hrs. Sperm - About 72 hrs. 

Name two natural and two synthetic androgens. 

Natural—Testosterone, Androstenedione. 

Synthetie Methyl testosterone, Testosterone propionate. 

Name two natural and two synthetic estrogens. 

Natural—Estradiol, Estrone. 

Synthetic—Diethy] stilbesterol, Ethiny] estradiol. 

(a) Write the names of two synthetic compounds used as progesterone. 
(b) Mention their one important use. 

(a) Ethisterone, Norprogesterone. 

(b) These are used as antifertility drugs or oral contraceptive pills because they 
inhibit ovulation and thus prevent fertilization. 

What is liquor folliculi ? 

Liquor folliculi is the fluid present within the antral cavity of the graafian follicle. 
(a) What are polar bodies ? (b) What are different kinds of polar bodies ? 
(c) How they are formed ? 

(a) Polar bodies are non-functional by-products of oogenesis that are produced 
during meiotic division of oocyte and are degenerated. 
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(b) Polar bodies are of two kinds called first polar body and second polar body. 
(c) The first polar body is formed during the reductional division of the primary 
oocyte in which two daughter cells produced are of unequal size. The smaller 
one is devoid of cytoplasm and is called first polar body and the larger one 
forms the secondary oocyte. 

The second polar body is formed during the equational division of the secondary 
oocyte in which again two unequal daughter cells are produced. The smaller 
one devoid of cytoplasm is called second polar body. The second polar body is 
formed only when the secondary oocyte is fertilized by a sperm. 

Which hormone is responsible for promotion of growth, maintenance and 
function of male accessory sex organs ? 

Testosterone (or Androgen) 

Which cells supply nourishment to the developing sperms ? 

Sertoli cells. 

Which organ stores the sperms ? 

Epididymis. 

(a) What is semen ? (b) What is ejaculation ? 

(a) Semen is a whitish semifluid material formed by mixing of sperms with the 
secretion of accessory sex glands and epididymis. 

(b) Ejaculation means discharge of semen through the penis. 

(a) Presence of which hormone in urine indicates pregnancy ? or Presence 
of which hormone in urine is tested for detecting pregnancy ? 

(b) From where is it secreted ? 

(a) HCG or human chorionic gonadotrophin or chorionic gonadotrophin. 

(b) It is secreted from the chorionic villi and placenta. 

What is clitoris ? 

Clitoris is a small, cylindrical, erectile body situated in the most anterior part of 
the vulva of females. It is homologous with the penis of the male and is considered 
as a rudimentary penis in the female. However, it differs basically from the 
penis in being entirely separate from the urethra. 


eee EXERCISER RR Eee 
© A. Essay type or Long answer type: 
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What is reproductive system ? Describe the male and female reproductive system of humans 
with a sketch. (Ans. 10.1 ; 10.2 ; 10.3.) 
Write briefly the structure and functions of mature human testis with labelled sketch. 
(HLS. 1985, 90; J.E.E. 1987 ; Tripura H.S. 1993] (Ans. 10.2.1) 
Write briefly the structure and functions of mature human ovary with a labelled sketch. 
IH. S. 1984, 89] (Ans. 10.3.1) 


What is the primary sex organ of human males ? Describe its location and microscopic structure 
with a sketch. (Ans. 10.2.1) 
What is male sex hormone ? Write its origin and functions. (Ans. 10.2.4) 
What is the primary sex organ of a female ? Dscribe its location and microscopic stucture with 
a sketch. (Ans. 10.3.1) 
Name the female sex hormones. Write their sources and functions. (Ans. 10.3.4) 
Describe the histological structure of ovary with a diagram. What are ovarian hormones ? 


[JEE 1986] or Describe the internal structure of ovary. Name the hormones secreted by the 
ovary. [Tripura H.S. 1990] (Ans. 10.3.1) 
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Name the hormones secreted by the ovary. Mention their functions. 
3 [Tripura H.S. 1984] (Ans. 10.3.4) 
What is ovulation ? Explain what happens to the ruptured graafian follicle. Write the functions 
of estrogen. IJ. E. E. 1988] (Ans. 10.15 Q-3 ; 10.3.4) 
Describe briefly the process of oogenesis. [Tripura H.S. 1983 ; JE. E. 1984] (Ans. 10.3.2) 
Describe briefly the process of spermatogenesis (Ans. 10.2.2) 
What is fertilization ? Give a brief description of it. [H.S. 1991] (Ans. 10.5) 
Write about the morula and subsequent stages in human fertilization process. 
[H.S. 1987] (Ans. 10.6) 
What is graafian follicle ? Describe the functions of ovarian hormones. 
[J.E.E. 1990](Ans. 10.15 Q-4 ; 10.3.4) 
Draw a labelled sketch of the structure of mature human ovary. Mention the functions of its 
main parts. III. S. 1991] (Ans. 10.3.1) 
What are gonads ? Describe the role of testis in spermatogenesis. 
[H.S. 1992] (Ans. 10.1.1 ; 10.2.2) 
Describe fertilization and embryo formation. Name the location of embryo in uterine cavity. 
[H.S. 1993] (Ans. 10.5 ;.10.6) 
What is pronucleus ? What is zona pellucida ? What is accomplished by fertilization ? 
IJ. E. E. 1991] (Ans. 10.15 Q-5.) 
Describe a mature sperm. [Tripura H.S. 1991] (Ans. 10.2.3) 


Explain in short the important role of gonads in reproduction, 
5 [H.S. 1994] (Ans. 10.2.1 ; 10.3.1) 


What is fertilization ? Explain in short the mode of implantation of embryo in the uterine 


cavity. [H.S. 1995] (Ans. 10.5 ; 10.6) 
Give a brief account of the role of mature human ovary. [H.S. 1996] (Ans. 10.3.1) 
What is fertilization ? Describe the formation of embryo. State the exact position of embryo in 
the uterus. III. S. 1997] (Ans. 10.5 ; 10.6) 


Mention the male and female primary sex organs and describe their functions. 
IH. S. 1999] (Ans. 10.2.1 ; 10.3.1) 
What are the changes in male and female at puberty ? [J.E.E. 1998] (Ans. 10.15 Q-10) 
Describe the process of fertilization. [J-E.E. 2001] (Ans. 10.5) 
Describe briefly the structure of an ovum. What is corpus luteum ? Write down its function 
[H.S. 2002] (Ans. 10.15 Q-16) 
Describe the structure of graafian follicle with diagram. [J-E.E. 2002] (Ans. 10.3.3) 

Describe briefly with labelled diagram the structure of testis, 

[J.E.E. 2003; H.S. 2003, 2005] (Ans. 10.2.1) 
Give a laballed diagram of the histological structure of ovary. What do you mean by oogenesis ? 
IJ. E. E. 2004] (Ans. Fig. 10.8 ; 10.3.2) 
Describe in brief the structure of human ovary. III. S. 2004] (Ans. 10.3.1) 


Mention the functions of the hormones secreted by testis and ovary. 
III. S. 2004] (Ans. 10.2.4 ; 10.3.4) 


Describe menstrual cycle and estrous cycle in brief.. (Ans. 10.4) 
Write the fate of fertilized ovum upto gastrulation. (Ans. 10.7) 
Explain how the sex of fetus is determined by sperm and ovum. (Ans. 10.9) 


How do testes help in the process of reproduction ? What is the function of Sertoli cells ? 
[HLS. 2006] (Ans. 10.2.1, 10.2.2, 10.2.4) 


@ B. Short answer type: 


0] 


21 
131 
141 
[5] 


What do you mean by gonad Name the male and female gonads and mention their locations. 
(Ans. 10.1 ; 10.2 ; 10.3) 


What is Leydig cell ? Mention its function. (Ans. 10.15 Q-27) 
What is Sertoli cell ? Write its functions. (Ans. 10.15 Q-26) 
Name the male and female gametes. e (Ans. 10.1) 
Write the origin of androgen, estrogen and progesteone. (Ans. 10.15 Q-32) 


1338 


A TEXT BOOK OF BIOLOGY 


[6] What do you mean by menstrual cycle and menstruation ? (Ans. 10.15. Q-32) 
[7] What is ovulation 2 A. E. E. 1988] When does it occur in humans ? (Ans. 10.15 Q-3a ) 
[8] When in the menstrual cycle the chance of pregnancy is maxium and minimum ? 
(Ans. 10.15 Q-33) 
[9] Name the accessory sex organs of human males and females. (Ans. 10.15 Q-17) 
[10] Mention the male and female secondary sex characters in humans. (Ans. 10.15 Q-18) 
[11] Why the urethra of males is called urinogenital duct ? (Ans. 10.3) 
[12] What is relaxin ? Mention its source and function. (Ans. 10.15 Q-37) 
[13] What is prostate gland ? IJ. E. E. 1994] (Ans. 10.15 Q-7) 
[14] What is the number of chromosomes in human spermatozoa ? 
[J.E.E. 1996] (Ans. 10.15 Q-8) 
[15] (a) What is testosterone ? From where is it secreted ? (b) Name the different histological 
structures of ovary of human. [J-E.E. 1996] (Ans. 10.15 Q-9) 
[16] (a) Name the cells form which testosterone is secreted. (b) What is the major source of androgen 
in female ? [J.E.E. 1996] (Ans. 10.15 Q-11) 
[17] (a) What is graafian follicle ? (b) What is ovulation ? (e) What is corpus luteum ? 
(d) Mention the common site of fertilization in fallopian tube. (e) What is zygote ? (f) What is 
amenorrhea ? [J-E.E. 1999] (Ans. 10.15 Q-12) 
[18] Whatare gonadal anabolic hormones ? Why they are called so ? (b) Name the specific gonadal 
cells from which they are secreted ? (c) What is an atretic follicle ? 
T [J.E.E. 2000] (Ans. 10.15 Q-13) 
[19] What is corpus luteum? Write down its function. [H.S. 2002] (Ans. 10.15 Q-12c) 
[20] From where is estrogen secreted ? [H.S. 2002] (Ans. 10.15 Q-38b) 
[21] What do you mean by oogenesis ? [J.E.E. 2004] (Ans. 10.15 Q-14) 
[22] Mention two functions of estrogen. III. S. 2005] (Ans. 10.3.4) 
[23] Mention the hormones secreted by female gonad of humans. [H.S. 2005] (Ans. 10.3.4) 
[24] What is meant by fertilization? Where does it take place in human body ? 
IJ. E. E. 2005] (Ans. 10.5) 
[25] What is capacitation ? What is its importance ? (Ans. 10.5) 
[26] What is parturition ? (Ans. 10.8) 
[27] Define (a) Cleavage, (b) Morula, (c) Blastula and (d) Gastrula. (Ans. 10.7) 
[28] How many sperms are produced from each primary spermatocyte ? Explain. (Ans. 10.2.2) 
[29] How many ova are produced from each primary oocyte ? Explain. (Ans. 10.3.2) 
[30] What are acrosome reaction and cortical reaction. Mention their significance. (Ans. 10.5) 
[31] What do you mean by monoestrous and polyestrous animals ? (Ans. 10.4) 
[32] Name the phases of menstrual cycle mentioning their durations in normal woman. 
(Ans. 10.4) 
[33] Why menstruation is missed in pregnancy ? (Ans. 10.4) 
[34] What is fertilization membrane“? (Ans. 10.5) 
© C. Distinguish between: 
[1] Ureter and Uterus. IJ. E. E. 1993] (Ans. 10.15 Q-6) 
[2] Male gamete and Female gamete. [J.E.E. 2000; H.S. 2006] (Ans. 10.10.3) 
[3] Testis (or male gonad) and Ovary (or female gonad) (Ans. 10.10.1) 
[4] Primary sex organ and Secondary sex organ. (Ans. 10.10.2) 
[5] Menstrual cycle and Estrous cycle. (Ans. 10.10.4) 
[6] Spermatogenesis and Oogenesis. (Ans. 10.10.5) 
[7] Spermiation and Ovulation. (Ans. 10.10.6) 


© D. Write brief notes on: 


[1] Testis (Ans. 10.2.1). [2] Ovary (Ans. 10.3.1). [3] Leydig cells (Ans. 10.2.1). [4] Sertoli 
cells (Ans. 10.2.1). [5] Graafian follicle (Ans. 10.3.1 ; 10.3.3). [6] Corpus luteum (Ans. 
10.3.1). [7] Ovarian hormones (Ans. 10.3.4). [8] Androgens (Ans. 10.2.4). [9] Spermatogenesis 
(Ans. 10.2.2). [10] Oogenesis (Ans. 10.3.2). [11] Fertilization (Ans. 10.5). [12] Ovulation 


(Ans. 10.3.3). [13] Puberty (Ans. 10.1.3). [14] Female sex cycle (Ans. 10.4) , [15] Implantation 
(Ans. 10.6). 


Se 
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© E. Complete the sentences with suitable answers from those given in parentheses : 

[1] The primary sex organ of women is (vagina / uterus / ovary) 
[2] The male primary sex organ is (penis / testis / vas deferens) 
[3] Testis is the male . (gamete / gonad / asscessory sex organ) 
[4] Leydig cells are found in ————. (pancreas / lung / testis / pituitary / ovary) [H.S. 1985] 
[5] Corpus luteum is found in. . (kidney / lung / uterus / ovary) (HLS. 1990] 
[6] Sertoli cells are present in. (ovary / testis / uterus) 
[7] Leydig cell secretes————. (oestrogen/adrenalin/progesterone/testosterone) [H.S. 2006] 
[8] The chief source of estrogen i ———. (Leydig cell / graafian follicle / corpus luteum) 
[9] Fertilization occurs in, (uterus / fallopian tube / vagina) 

[10] Mammary glands are———. (sex glands / sex characters / gonads) 

[11] Hormone responsible for moustache and beards of males is ————-. (estrogen / progesterone / 

testosterone) 


[12] In males the number of seminal vesicle is- .(1/2/3). 
[13] Average duration of human menstrual cycle is 
[14] Duration of pregnancy is days. (280 / 180 / 28 / 18) 
[15] Acrosomal cap is present in: . (sperm / ovum / uterus) 


[16] The male gamete is————. (Sertoli cell / Leydig cell / sperm) 


[17] The number of chromosomes in human zygote is—————. (23 / 46/24/48) 


days. (280/ 180/28 / 18) 


[18] Secondary spermatocytes after direct division give rise to. (spermatozoa / spermatid 


spermatogonia / oocyte) 


(HLS. 1996] 


[19] Sertoli cells provide nutrition tio (cardiac muscle / sperm / ovum / brain cell) 


H. S. 1998] 


[20] After ovulation, ———— of ovary acts as a temporary endocrine organ and secretes 


progesterone (graafian follicle / tunica albuginea / corpus luteum) 


III. S. 1999] 


[21] Testosterone is secreted mainly from the —————. (pyramidal cells / Sertoli cells / Leydig 


cells / corpus luteum) 
[22] In human females, ovulation occus at the- 
[23] Clitoris is found in 
[24] Corpus albicans is the remant of 
[25] Innon-primate female mammals, sex cycle is called 
heat period) 


H. S. 2000] 


of menstrual cycle. (beginning / end / middle) 
(males only / females only / both males and females) 

(corpus callosum / corpus luteum / graafian follicle) 
, (menstrual cycle / estrous cycle / 


[26] Seminiferous tubule is found in. (kidney / testis / lung / ovary)(H.S. 2002 ; 2004) 
[27] Testosterone is secreted from———. (Interstitial cells / Sertoli cells / Pyramidal cells) 


[28] Chromosome number in human ovum is . (23 23 pairs / 44) 


@ F. Fill in the blanks : 


[1] The total number of autosomes in a fertilized ovum is, 

[2] In mammals, the sperms must ascend to for fertilizing the ovum. 
[3] Fusion of male and female gametes is called 

[4] The degenerating corpus luteum of menstruation is called 

[5] Appearance of menstrual cycles at puberty is called 

[6] The external genitalia of a woman is called. 


[8] means permanent cessation of menstruation. 

[9] Sertoli cells secrete the peptide hormone- 
[10] Mammary gland is a female secondary sex. 
[11] The life of corpus luteum is prolonged in 
[12] The genetic sex of the fetus is determined by the sex chromosome of the 
[13] The male sex steroid hormone is called $ 
[14] The proliferative phase of menstrual cycle is also called phase. 
[15] Morula is formed by of the fertilized ovum. 


[7] Absence of menstruation during the sexual life a woman is called. 


IH. S. 2004] 
II. S. 2005] 
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@ G. Choose the correct answer: Multiple choice type questions: 


111 
121 


Sperm is: (a) A gonad. (b) A gamete. (c) Semen (d) None of these. 

Production of sperm from spermatids is called: 

(a) Spermatogenesis, (b) Spermatocytogenesis, (e) Spermiogenesis, (d) None of these. 
During ovulation, the ovary releases : 

(a) Primary oocyte, (b) Secondary oocyte, (c) Corpus luteum, (d) None of these. 
During fertilization, the ovum shows : 

(a) Acrosome reaction, (b) Cortical reaction, (c) Both of these, (d) None of these. 
Testosterone may be secreted from : 

(a) Seminal vesicle, (b) Adrenal cortex, (c) Seminiferous tubules, (d) All of these. 
The number of sperms produced from each spermatid is: (a) 1, (b) 2, (c) 3. (d) 4. 
Which of the following is not found in males ? 

(a) Prostate gland, (b) Cowper’s gland, (c) Bartholin gland, (d) Seminal vesicle. 
Which of the following is a haploid cell ? 

(a) Spermatogonium, (b) Primary spermatocyte, (c) Spermatid, (d) None of these. 
Which of the following is a product of reduction division ? 

(a) First polar body, (b) Second polar body, (c) Both of these, (d) None of these. 
Which of the following is a male secondary sex character ? 

(a) Penis, (b) Testis, (c) Epididymis, (d) None of these. 

In human males, sperm is found in: 

(a) Semen, (b) Vas deference, (c) Epididymis, (d) All these. 

The chief androgen is : 

(a) Aldosterone, (b) Corticosterone, (c) Androstenedione, (d) Testosterone. 

An adult woman has : 

(a) Uterus, (b) Labia majora, (c) Clitoris, (d) All these. 

In human females, the number of ovum released in each menstrual cycle is usually: 
(a) 1. (b) 2. (c) 3. (d) 4. 

The fluid filled cavity within a graafian follicle is called : 

(a) Blastocoel, (b) Infundibulum, (c) Antrum, (d) None of these. 

The covering just outside the ovum is called: 

(a) Theca externa, (b) Theca interna. (c) Cumulus oophorus, (d) Zona pellucida, 
Testosterone promotes: 

(a) Spermatogenesis, (b) Muscular growth, (c) Growth of seminal vesicle and prostate gland, 
(d) All these. 

Just after ovulation, the ruptured graafian follicle is called: 

(a) Corpus luteum, (b) Copus hemorrhagicum, (c) Corpus albicans, (d) Atretic follicle. 
In human females, ovulation occurs at the end of : 

(a) Proliferative phase, (b) Premenstrual phase, (c) Menstrual phase, (d) None of these. 
In human menstrnal eycle, the duration of prementrual phase is about : 

(a) 4 days, (b) 10 days, (c) 14 days, (d) 28 days. 

The sub-primate female mammals usually copulate in : 

(a) Proestrus phase, (b) Estrus phase, (c) Metestrus phase, (d) Diestrus phase. 
Reduction in sperm count in semen is called : 

(a) Azoospermia, (b) Oligospermia, (c) Impotence, (d) Virilism. 

Capacitation promotes : 

(a) Acrosome reaction, (b) Ovulation, (c) Menstruation, (d) All these. 

Which of the following activates the zygote to start cleavage ? 

(a) Capacitation, (b) Fertilization, (c) Implantation, (d) None of these. 

Cleavage of zygote forms the: 

(a) Zona pellucida, (b) Gastrula, (c) Blastula (d) Morula. 

In which stage, does the fertilized ovum enter the uterus ? 

(a) Morula, (b) Blastula, (c) Gastrula, (d) Blastocyst. 
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[27] The embryo is implanted when it is in: 

(a) Morula stage, (b) Blastocyst stage, (c) Gastrula stage, (d) None of these. 
[28] After fertilization, implantation occurs within : 

(a) 3-4 days, (b) 6-9 days. (c) 28 days, (d) 280 days. 
[29] Which of the following secretes proteolytic enzymes for implantation ? 

(a) Sperm head, (b) Cytotrophoblast, (c) Syncytiotrophoblast, (d) All these. 
[30] Which of the following has the three germ layers ? 

(a) Zygote. (b) Morula, (c) Blastula, (d) Gastrula. 


@ H. Write whether the following statements are true or false: 


[1] Penis and vagina are the primary sex organs of male and female respectively. 
[2] There are two prostate glands in a male body. 
[3] If the vas deferens is cut, the semen contains no sperm. 
[4] The second polar body is formed in ovary. 
[5] In each menstrual cycle of a woman, many ova are released. 
[6] Cells of Leydig are present in the seminiferous tubules. 
[7] Tunica albuginea is found in both testis and ovary. 
[8] Liquor folliculi is present in corpus luteum. 
[9] Ovulation is caused by sudden release of FSH. 
[10] The premenstrual phase of menstrual cycle is also called luteal phase. 
[11] The corpus luteum of pregnancy is called false corpus luteum. 
[12] The adrenal cortex may secrete male and female sex hormones. 
[13] The theca externa is the outer covering of seminiferous tubule. 
[14] The fluid-filled cavity of blastocyst is called blastomere. 
[15] Relaxin is a steroid hormone secreted by ovary. 
[16] Spermiogenesis involves both mitotic and meiotic divisions. 
[17] The cap-like covering on sperm-head is called acrosin, 
[18] Capacitation means rupture of acrosomal cap of the sperm. 
[19] The ‘fertilization membrane’ prevents polyspermy. 
[20] Menstruation is known as ‘Weeping of the gravid uterus’. 


Answers to Q No. E, F, G, H 


[26] Testis. [27] Interstitial cells. [28] 23. 


[12] Sperm. [13] Androgen (or Testosterone). [14] Follicular. [15] Cleavage. 


[22] (b). [23] (a). [24] (b). [25] (4). [26] (a). [27] (b) [28] (b). [29] (c) [30] (d). 


[18] False. [19] True. [20] False. 


„II Ovary.[2] Testis. [3] Gonad. [4] Testis. [5] Ovary. [6] Testis.. {7] Testosterone. [8] Graafian 
follicle. [9] Fallopian tube. [10] Sex characters. [11] Testosterone. [12] 2. [13] 28. [14] 280. 
[15] Sperm. [16] Sperm. [17] 46. [18] Spermatid. [19] Sperm. [20] Corpus luteum. 
[21] Leydig cells. [22] Middle. [23] Females only. [24] Corpus luteum. [25] Estrous cycle. 


F. [1] 44 (or 22 pairs). [2] Fallopian tube. [3] Fertilization. [4] Corpus albicans. [5] Menarche. 
[6] Vulva. [7] Amenorrhea. [8] Menopause. [9] Inhibin. [10] Character. [11] Pregnancy. 


G. III (a). 12] (©). AI (b). [4] (b). [5] (c): 16) (a). 71 ©). (8] (c). 19] (a). 110) (d). [11] (d). 
[12] (d). [13] (d). [14] (a). [15] (©). [16] (8). [171 (d). [18] (b). [19] (a). [20] (c). [21] (b). 


H. [1] False: [2] False. [3] True. [4] False. [5] False. [6] False. [7] True. [8] False. [9] False. 
- [10] True. III] False. [12] True. [13] False. [14] False. [15] False. [16] False. [17] False. 
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Social Physiology 


Topics Discussed : Balanced diet: Malnutrition (PCM, Iron and Iodine deficiency) ; Population problem 
and its contro! ; In vitro fertilization ; Sexually transmitted diseases (Syphilis, Gonorrhea, AIDS, Hepatitis B); 
Polio immunization ; Amniocentesis ; Inequality of sexes ; Female feticide, 


11.1. Balanced Diet 


è What is balanced diet 2 


A diet containing all the nutrients in adequate quantities and correct Proportions 
to meet the nutritional requirements for maintaining good health of an individual is 
called balanced diet. 

A balanced diet supplies the calorie requirements and maintains growth and 
proper functioning of tissues so as to keep the individual healthy and free from 
nutritional disorders. A balanced diet should contain correct amounts of the following 
three kinds of foods : 


[1] Energy yielding foods i.e., foods rich in carbohydrates or fats e.g., cereals, 
roots and tubers, dried fruits, sugar and jaggery, butter, ghee and edible oils. 


[2] Body building foods ie., protein rich foods e.g., milk, egg, fish, meat, 
pulses, nuts, soyabean etc. 


[3] Protective foods i.e., foods rich in vitamins and minerals e.g., vegetables, 
fruits, milk, liver etc. 

The nutritional requirements and hence the composition of balanced diets differ 
depending on age, sex, physical activity, climatic condition and physiological or 
pathological state of the individual e. g., pregnancy, lactation, diabetes, obesity etc. 
Economic status, religion, customs and taboos and food habit of the individual 
should also be considered for selection of foodstuffs to be included in the diet. For 
an individual, balanced diets of varying costs can be formulated, In high cost balanced 
diet charts, larger amounts of milk and other costly animal foods (e.g., meat, fish 
etc.) are included. In order to reduce the cost of balanced diet, milk, fish and meat 
can be replaced by egg, pulses, legumes, nuts etc. Cheaper fruits like papaya, guava, 
tomato or banana may be used in place of costly ones (apple, grapes, dry fuits). 


Balanced diet for infants : 


In case of humans, a baby upto 12 months (1 year) of age is said to be an infant. 
Mother’s milk is the most ideal food for infants during the early months. The number 
of breast feeding per day varies with the age of the baby. A normal infant should be 
breast fed 7 times / day during the Ist month, 6 times / day during 2-7 months of 
age and 5 times/day during 8-12 months of age. However, a strict feeding schedule 
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is not necessary and an infant may be put to breast on demand. When breast feeding 
is not possible (e. g., when the mother has to go out for working or she is suffering 
from infectious diseases or she is lacking breast milk) the infant has to be fed 
artificially with cows milk. Cow’s milk and human milk differ in composition. So, 
for feeding the infant, cow’s milk is diluted with water, and sugar is added to it ; this 
is called humanization of cow’s milk (i. e., making the cow’s milk equivalent to 
human milk in composition so that it can be easily digested by human infants). The 
infant is gradually habituated to less diluted cow’s milk. Besides milk, an infant 
should be given fruit juice, vitamin D, cereals, cooked and mashed vegetables and 
fruits and egg yolk. The balanced diets for infants (1—12 months) are shown in table 
11.1. 


Table 11.1. Balanced diets for infants : 
Age (months) 
E ed 


eer Fe 


Cane sugar (g) 


DODE 
3 
ee 
e 
5 


Mashed vegetables 
and fruits (Teaspoons) 


Balanced diet for growing children: 

The term ‘growing children’ includes both pre-school children (age 1-6 years) 
and school children (age 7-12 years). Some moderate cost vegetarian and non- 
vegetarian balanced diets for growing children of different age groups ranging 
between 1-12 years are given in table 11.2. 


© Balanced diet for students (school students): 

School students are usually of the age group 7-18 years. Some moderate cost 
vegetarian and non-vegetarian balanced diets for school students (school children 
and adolescents) of different age groups are given in table 11.2. 


A TEXT BOOK OF BIOLOGY 


1344 


sjuaosajopy 


qjnuvoag 


pue iesng 


ysy IN 
FFC 
ro eee e eee e 

e eee [ear eee 


OST SLI Sioqm pur $7001 
“S2]qeIOBIA 19O 


sajquiaz0a 
Ajea] usin 


TESES 


uIP [ooyds-aig 


umspoog 


USIP|IYO SUIMOIDN 


[ueliejas0A-U0N=AN É ure 
“(SÅ SL- S}UƏPNIS Jooyas PUE (TI) UJP SuIMOIS 10} SJaIp PULJER SO ¹,LhEjE]ũ: ZIT AQEL 
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@ Balanced diet for pregnant woman : 

During pregnancy, a woman requires extra nutrients to support ‘growth and 
development of the baby in her womb. Vegetarian and non-vegetarian balanced diets 
11 3 cost for a pregnant woman doing sedentary work are given in table 

1.3. 
@ Balanced diet for aged persons : 

In aged persons, the calorie requirement is usually reduced due to their sedentary 
habits but the requirements for protein, vitamins and minerals are not reduced. Old 
people require adequate dietary fibres for bowel motility. They should be given 
adequate milk and fruits. Balanced diets of moderate cost for males and females 
over 60 years doing sedentary work are given in table 11,3. 


Table—11.3 : Moderate cost balanced diets for pregnant woman and aged 
persons [V=Vegetarian ; NV=Non-vegetarian] 


Aged person over 60 years 
(Sedentary work) 


Foodstuffs 
(g/day) 


Pregnant woman 
(Sedentary work) 


= © © 218 S1 2 

> = zZ 
wlwlalwlolrialr jnjs 

— SISISISISIUloj[ajalais|< 


11.2. Malnutrition 


Impairment of health resulting from a deficiency, excess or imbalance of nutrients 
is referred to as malnutrition. It includes—(i) undernutrition due to deficiency of 
one or more nutrient(s) and (ii) overnutrition caused by excess intake of one or 
more nutrient(s) and usually calories. Vitamin deficiency diseases (e.g., beriberi, 
pellagra, scurvy etc.) and protein calorie malnutritions (e.g., marasmus and 
kwashiorkor) are the most important types of undernutrition. On the other hand, 
obesity (overweight) and hypervitaminosis are the best examples of overnutrition. 

Nutritional deficiencies usually occur in the poor people. The most common 
nutritional deficiencies observed in our country are protein calorie malnutrition 
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among infantts and pre-school children, vitamin A deficiency (nyctalopia and blindness) 
among children, iron deficiency anaemia in all groups, iodine defiolence or endemic 
goitre, vitamin B-complex deficiency and others. 


11.2.1. PROTEIN-CALORIE (OR PROTEIN-ENERGY) MALNUTRITION 
(PCM or PEM) 


Earlier, the main cause of malnutrition among children was thought to be a 
deficiency of protein in diet. Subsequent studies have shown that the diets of these 
children are also deficient in calories (energy), certain vitamins and minerals. This 
type of nutritional deficiency is called protein-calorie malnutrition (PCM) or protein- 
energy malnutrition (PEM). 

Definition: PCM (or PEM) can be defined as the nutritional deficiency 
disease due to inadequacy of protein and calorie along with some other nutrients in 
the diet. 

@ Causes of PCM : PCM is basically due to inadequate food intake and / or 
defect in digestion, absorption or utilization of ingested food in the body. The causative 
factors responsible for PCM are as follows :— 

[1] Poverty—The commonest cause of PCM is poverty or inability to pay for 
food. So, poor people and thier children suffer from PCM due to inadequate food 
intake. 

[2] Infections—Infections like diarrhea, measles, malaria. respiratory infections 
and intestinal worms increase requirements for calories, protein and other nutrients 
but decrease appetite as well as absorption and utilization of food, thereby causing 
malnutrition. Malnutrition lowers body immunity so that the victim is more vulnerable 
to infections. This sets up a vicious cycle: infection = malnutrition — infection. 

[3] Poor environmental conditions—Unhealthy and unhygienic environment 
with poor sanitation is responsible for frequent infections and thereby PCM. 

[4] Poor maternal health—It is associated with birth of low weight babies with 
poor nutritional reserve. Malnourished mothers with ill health usually show poor (or 
failure of) lactation so that their babies are deprived of breast milk. Moreover, 
mothers suffering from infectious diseases usually do not breast feed their babies. So 
babies of unhealthy mothers are more vulnerable to PCM. 

[5] Repeated pregnancies and large families—Repeated pregnancies adversely 
affect the nutritional status and health of the mother as well as her babies. In large 
families, children receive less attention, care and food which may lead to PCM. 

[6] Faulty feeding practices—Premature termination of breast feeding and some 
faulty practices related to child rearing and weaning such as delayed supplementary 
feeding, use of over-diluted cow’s milk and discarding cooking water from cereals 
may produce PCM. 

[7] Unequal distribution of food in the family—In many families the available 
food is unequally distributed among the members. Share of women and pre-school 
children is much less compared with economically active male adults. 

® Types of PCM: PCM is of two major types Marasmus and Kwashiorkor 
as described below. 

MARASMUS 


© Definition, cause and occurrence—Marasmus is the type of PCM caused by 
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a simultaneous deficiency of both protein and calorie. It is also known as the 
‘starvation disease of infants’. 
It is seen most commonly in 
weaned infants of about one 
year (6-18 months) of age. It is 
usually observed in infants of 
poor parents when breast 
feeding is permanently replaced 
by less nutritive foods, low in 
proteins and calories. Due to the 
unhygienic lifestyle of the poor 


ny à 
ee 
people, their infants often suffer E 


from gastrointestinal infections D) 
and diarrhoea which impair 8 


absorption and aggravate 
marasmus. Fig. II. I: A— A child suffering from marasmus 


showing emaciation, B— A child suffering from 
kwashiorkor showing oedema and skin lesions in legs 
and moon-face. 


® Symptoms III Growth 
retardation (very severe) ; 
*[2] Emaciation due to wasting 
of muscles and subcutaneous fat (the skin becomes loose) ; [3] Signs of 
dehydration ; [4] Skin- dry and atrophic ; [5] Eye lesions (due to vitamin A 
deficiency) ; [6] Anaemia (may be present). 

KWASHIORKOR 

Definition, cause and occurrence It is a nutritional deficiency disease caused 
by protein deficiency unaccompanied by calorie deficiency. It occurs most frequently 
in children older than one year (between 2-4 yrs) due to replacement of breast 
feeding by low-protein high-carbohydrate diets. The term ‘kwashiorkor’ was first 
introduced by Dr. Cicely Williams in 1935. She observed this disease in weaned 
infants of West Africa and discovered that the disease could be cured by feeding 
milk, The term ‘kwashiorkor’ means the disease which the child gets when the next 
baby is born i.e., sickness of deposed (weaned) child. 

® Symptoms—[1] Growth failure (less height and weight); [2] Muscle wasting; 
[3] Oedema and moon-face (rounded face) ; [4] Skin lesions (patches of 
hyperpigmentation, desquamation and ulceration of skin particularly in buttocks and 
legs) ; [5] Liver enlargement and fatty liver ; [6] Gastrointestinal disorders 
(anorexia, vomiting and diarrhea) ; [7] Anaemia and vitamin deficiency diseases 
(due to impaired absorption of iron and vitamins) ; [8] Mental changes (the child 
lives an inert life and shows no interest in the surroundings). 
® Remedy of PCM : 

A child suffering from PCM should be given easily digestible, good quality 
proteins such as milk, curd etc., along with high calories and other nutrients in diet. 
Pulses should not be given because of their low digestibility. Calories may be provided 
through sugar, molasses, ripe fruits, honey etc. If there is any infection, it should 
be treated properly. 
® Prevention of PCM : 

[1] Breast milk is not sufficient for a child older than six months. So, a child 
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should be provided with replacement diet from 5-6 months of age. The diet should 
contain high quality proteins, calories and other nutrients. 

[2] Infectious diseases and epidemics are causative factors for PCM ; so, measures 
should be taken to prevent spreading of such diseases. 

[3] Repeated pregnancy and high birth rates should be discouraged because 
these are deletorious for proper nutrition of both the mother and the child. 

[4] Production of protein rich food e.g., soyabeans, legumes etc., should be 
increased so that they become available at low cost. Poultries, dairies, fisheries 
piggeries, etc., should be encouraged and developed to increase the supply of animal 
proteins. 

[5] People should be educated about proper nutrition and health and also against 
superstitions regarding food. 

11.2.2. IRON DEFICIENCY 

Deficiency of iron in the body produces a clinical condition called anaemia in 
which the haemoglobin (Hb) content of blood is lowered than normal. Iron is required 
for Hb synthesis and thus formation of RBCs. In iron deficiency, Hb production is 
reduced and the RBCs become smaller in size. This type of anaemia is called 
hypochromic microcytic anaemia (hypochromic = less coloured or low 
haemoglobin ; microcytic = with smaller cells). Iron deficiency anaemia is a major 
malnutrition problem affecting all groups of population It is found especially among 
children, women of child bearing age and pregnant woman. 

Although nutritional anaemia is most commonly caused by iron deficiency, it may also be 
caused by deficiency of folic acid and vitamin B, But folic acid and vitamin B,, deficiency 
produces a different kind of anaemia known as megaloblastic (or macrocytic) anaemia in which 
normal RBCs are replaced by large precursor cells called megaloblasts with less Hb. 

@ Causes of iron deficiency : Iron deficiency may occur due to three basic 
reasons : (i) inadequate intake, (ii) poor bioavailability (absorption) of dietary iron 
and (iii) excessive loss of iron from the body. 

Although most habitual diets contain fairly good amounts of iron, only a small 
amount (<5%) is absorbed. This poor bioavailability is the major cause of iron 
deficiency. Women lose a considerable amount of iron (due to blood loss) during 
menstruation and child birth. Pregnancy increases iron requirement. Mothers who 
have born children at close intervals become anaemic due to the additional demands 
of rapid pregnancies and the loss of blood in each delivery. Milk is a poor source 
of iron ; so, infants lacking iron supplementation may suffer from iron deficiency 
anaemia. Anaemia may be caused or aggravated by diseasaes like malaria, hook 
worm infestation and piles. 

© Adverse effects and symptoms (clinical features) of anaemia ; Anaemia due 
to iron deficiency or any other reason shows the following ill effects (symptoms)— 
low Hb content and hence decreased O, carrying capacity of blood, decreased work 
capacity, fatigue and lassitude, breathlessness on exertion, pallor of skin and mucous 
membrane etc. 

© Treatment and prevention of iron deficiency anaemia : For treatment and 
prevention of anaemia, iron therapy (in the form of ferrous sulphate) is recommended 


usually along with folic acid. Attempts are being made to fortify common salt with 
iron to prevent nutritional deficiency of iron. 
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11.2.3. IODINE DEFICIENCY 

Iodine deficiency is another nutritional problem in India and neighbouring 
countries, It is characterized by goitre (swelling at neck due to enlargement of 
thyroid gland) along with less secretion of thyroid hormones (T4 and T3). Iodine is 
required for synthesis of T4 and T3. So, in deficiency of iodine, production of T4 and 
T3 and thus the blood level of these hormones is lowered. This inturn stimulates the 
anterior pituitary in a feedback manner to secrete more TSH which causes enlargement 
of thyroid gland (goitre). It should be noted that iodine deficiency is the main but 
not the only cause of goitre. Iodine deficiency goitre is usually endemic in nature ; 
hence, it is also referred to as endemic goitre. 

@ Iodine deficiency disorders (IDD) : Symptoms of iodine defi iciency : Iodine 
deficiency, is associated with goitre and hypofunction of thyroid gland producing 
cretinism in young ones and myxoedema in adults. These diseases are associated 
with various disorders (symptoms) that are collectively referred to as iodine deficiency 
disorders or IDD. Symptoms of cretinism and myxoedema have been described 
earlier in chapter-7 (Article 7.6). 

o Causes and occurrence of IDD : Iodine deficiency is caused basically due to 
low iodine content in drinking water and food. So, IDD are usually endemic especially 
in hilly areas (far away from sea) where the soil, drinking water and food contain 
less iodine. In India, endemic goitre is prevalent in the Himalayan belt which is the 
world’s biggest goitre belt. Some foods like cabbage, turnip efc., contain some 
antithyroid substances known as goitrogens which impair the utilization of iodine in 
the thyroid gland. Excessive consumption of these foods may cause or aggravate 
IDD. 

„ Control and prevention of IDD : For control and prevention of IDD, four 
methods have been used to increase iodine intake in goitre prone regions : (i) use 
of iodized salts (addition of iodide or iodate to common salt), (ii) addition of iodide 
or iodate to bread, (iii) use of iodized oil and (iv) use of iodine (potassium or sodium 
iodide) tablets. Among these iodized salt is most widely used because it is very 
easily available. 


11.3. Population Problem And Its Control 


@ Population problem : It is the problem of overpopulation. For causes and 
adverse effects of population problem see vol-1, Appendix, Chapter-12, Long answer 
type questions -1 and 2. 

Control of population problem: See Vol-1, Chapter-12 Art. No. 12.4. 


11.4. In Vitro Fertilization 


Infertility is a common problem among the couples. It refers to failure to achieve 
pregnancy after one year of trying. It may result from some defect in the reproductive 
function of either the husband of the wife. Many but not all cases of infertility can 
be corrected by surgical and/or drug treatments. Advancement of biotechnology has 
helped to develop certain methods for treatment of those cases of infertility where 
surgery and drug therapy fail to work. Such methods are collectively known as 
assisted reproductive technology or ART. In spite of its low success rate and high 
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expenses, ART has become popular nowadays. Availability of sperm and ovum 
banks (i.e., techniques for Storage of sperm and ovum) and surrogate mothers have 
further helped the ART. The most common method of ART is in vitro fertilization 
and embryo transfer (IVF-ET) which is commonly known as ‘test-tube baby’ 
technique. Some other methods e.g., artificial insemination or intra-uterine insemination 
QUD, gamete intra-fallopian transfer (GIFT), zygote intra-follopian transfer (ZIFT) 
and micro-insemination sperm transfer (MIST) are also available now. 

© IVF-ET :Test-tube baby: A baby born by IVF-ET technique is termed as 
test-tube baby. The IVF-ET (or test-tube baby) technique was first devised by Patrick 
Steptoe and Robert Edwards in 1978. It is used in cases of (i) female infertility 
e. g., tubal disease (blockage or damage of fallopian tubes), cervical hostility (when 
the cervical environment interferes with viability of sperms and fertilization), 
endometriosis (when the lining of uterus or endometrium breaks away and grows 
else where), and failure of ovulation ; (ii) male infertility e.g., oligospermia (low 
Sperm count), abnormal sperms, impotence (inability to achieve or maintain erection 
of penis for coitus), premature ejaculation and absence of ejaculation ; (iii) production 
of antibodies against sperm by the male or female and (iv) unexplained infertility 
(where the cause of infertility cannot be detected). 

The technique involves collection of eggs (ova) from the ovary, fertilizing them 
in vitro (i.e., outside the body, in a laboratory setting), and then transferring the 
fertilized eggs known as pre-embryos back into the uterus. The main steps of IVF- 
ET are described below in brief :— 

[1] Stimulation of ovaries and monitoring of follicular growth : The ovaries 
are stimulated with fertility drugs (Clomiphene and combination of gonadotrophins) 
to induce superovulation (production and release of several eggs in one cycle), 
thereby increasing the chances of successful egg collection and pregnancy. It also 
helps to improve the quality of eggs and to control the timing of ovulation. Growth 
of follicles is monitered by sonographic measurement of the number and size of the 
follicles. Blood tests for estrogen help to judge and control the timing of ovulation. 

[2] Retrieval (collection) and culture of eggs : Eggs can be collected from the 
follicles by laparoscopy. The laparoscope is a small telescope which is inserted into 
the abdomen through the navel for veiwing inside the body. Eggs are collected by 
sucking out the fluid contents of mature follicles with a fine hollow needle, also 
inserted through the abdominal wall. This is done under general anesthesia. Nowadays, 
the technique of ultrasound guided egg retrieval through vaginal route is preferred 
because it is simple, less damaging and can be performed without anesthesia using 
analgesics only. The sucked fluid is immediately examined with a microscope for 
presence of eggs. 5-15 eggs are usually collected. The eggs are placed in a special 
culture medium and maintained at body temperature in an incubator for a few hours 
to make them mature and suitable for fertilization. 

[3] Fertilization of eggs (in vitro) and culture of pre-embryos : Sperms are 
collected from the semen ejaculated by the husband (or a donor) and washed in a 
culture fluid to remove the seminal fluid. About 50,000 to 100,000 healthy (motile) 
sperms are added to each egg taken in a petri-dish with the culture medium, within 
3 hours after egg collection. Successful fertilization is indicated by presence of two 
pronuclei and a second polar body in the egg, usually after 12-24 hours of 
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insemination. The fertilized eggs are further incubated in the culture medium and 
allowed to grow for 2 days within which they become 4-8 cell stage pre-embryos. 
The fertilization and growth of pre-embryos are examined with a microscope. 

[4] Embryo transfer: 4-8 cell stage pre-embryos, taken in a drop of culture 
fluid are transferred into the uterine cavity through the cervix using a fine flexible 
plastic tube. A syringe gently squirts the fluid into the uterus. Pregnancy test is 
usually performed 14 days after the procedure. Larger the number of pre-embryos 
transferred, greater the chance of success, but this has to be balanced against the 
need to avoid multiple pregnancies. Usually three pre-embryos are transferred per 
cycle to have optimum success. Spare pre-embryos can be frozen and stored for 
further attempts if necessary. When the pregnancy test gives positive result (i. e., if 
pregnancy is achieved), proper hormonal support may be given by administering 
progesterone to maintain pregnancy. The lady bears the child in her womb under 
proper medical care and gives birth to the baby after completing the period of 
gestation. Although a baby born in this way is termed as ‘test tube baby’, it must be 
remembered that in this technique, the baby is not reared in a test tube ; hence the 
term ‘test-tube baby’ is not proper. IVF-ET can be performed using-(i) wife’s ovum 
and husband’s sperm or (ii) wife’s ovum and donor’s sperm or (iii) donor’s ovum 
and husband’s sperm or (iv) donor’s ovum and donor’s sperm. 

Disadvantages of ‘test tube baby’ (or IVF-ET) technique: 

[1] The success rate of IVF-ET is low (only 25% if 3 embryos are transferred 
per cycle). The rate declines with increase in age of the female. 

[2] The procedure is very expensive, specially because several attempts are 
usually needed. ; 

[3] There is a possibility of multiple pregnancy which increases the risk of 
miscarriage and perinatal mortality. 

[4] It also increases the risk of ectopic pregnancy (i. e., implantation of embryo 
outside the uterine cavity, e.g., in fallopian tube). 

[5] Stimulation of ovaries and superovulation in repeated attempts may cause 
ovarian cancer and premature menopause. 

[6] It may have some ethical and psychological impacts. 

Other methods of ART: 

A Intra-uterine insemination (IUI) : In this method semen (or preferably 
motile fraction of sperm isolated from semen) is injected directly into the uterus by 
introducing a flexible tube through vagina. It is done at the time of ovulation, and 
a monthly schedule of 2 insemination on alternate days is preferred. The semen may 
be obtained from the husband (this is known as artificial insemination husband or 
ATH) or a donor (this is known as artificial insemination donor or AID). ATH is used 
in cases of impotency or premature ejaculation of the husband while AID is used 
when the husband is infertile or has a very low sperm count. 

A Gamete intra-fallopian transfer (GIFT) : It is a variation of IVF. In this 
method, both sperm and eggs are transferred into the fallopian tubes so that fertilization 
takes place in vivo (i.e., within the woman’s body) and the pre-embryos move down 
to uterus where they may implant. 

A Zygote intra-fallopian transfer (ZIFT) : In this, the embryos (zygotes) are 
transferred into the fallopian tube rather than gametes as in GIFT. It is a better 
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alternative of GIFT and IVF. The advantage over GIFT is that fertilization can be 
confirmed. The advantage over IVF is that the pre-embryos enter the uterus naturally 
by way of the fallopian tube. 

A Micro-insemination sperm transfer (MIST) : It is a newly developing 
technique of IVF in which a few sperms are introduced directly in the perivitelline 
Space of the egg using a very fine needle while viewing under a microscope. It is 
also called subzonal insemination (or SUZI) because the sperm is placed below the 
zona pellucida. 


11.5. Sexually Transmitted Diseases 


Sexually transmitted diseases (STD) are a group of communicable (or contagious) 
diseases that are transmitted predominantly by sexual contact from an infected partner, 
Such diseases were earlier called venereal diseases (VD ; venery = sexual inter- 
course). STDs are caused by a wide range of bacterial, viral, protozoal and fungal 
agents and ectoparasites. Important examples of STDs are syphilis, gonorrhea, AIDS, 
hepatitis-B etc. Some STDs may be transmitted from an infected pregnant woman 
to her baby through placenta (syphilis, AIDS) or during passage of the baby through 
the birth canal (gonorrhea). Transfusion of infected blood or use of infected needles 
may also cause spread of such diseases (AIDS, syphilis, hepatitis-B). Important 
preventive measures against spread of STDs are—(i) use of condom during sexual 
intercourse, (ii) avoiding sexual relationship with prostitutes and (iii) avoiding sharing 
of injection needles, razors, blades etc. 


11.5.1. SYPHILIS 


Syphilis is a chronic sexually transmitted disease caused by the spirochaete 
(corkscrew shaped bacterium) Treponema pallidum, 

Modes of transmission: The causative bacteria producing syphilis usually 
enter the body during sexual intercourse, through the mucous membranes of vagina 
or urethra. They may rarely be transmitted through wounds in the skin or scratches, 
The bacteria may also pass from an infected pregnant woman across the placenta to 
the developing fetus so that the baby is born with the disease ; this is called congenital 
syphilis. 

© Signs and symptoms : Syphilis produces widespread lesions in the body 
tissues. The primary stage symptom appearing 2—4 weeks after infection is formation 
of hard, painless ulcers (chaneres) at the site of infection or at any other part of the 
body e.g., vagina, penis, lips, fingers, nipples etc. Secondary stage symptoms appear 
about 2 months after infection and include fever, malaise, enlargement of lymph 
nodes and red skin-rashes. At primary and secondary stages, the patient is highly 
infectious. In untreated cases, the disease enters its tertiary stage after months or 
even years when the patient is non-infectious. This stage is associated with widespread. 
formation of tumor-like masses (gummas) and may cause serious damage to heart 
and blood vessels (cardiovascular syphilis), or to brain and spinal cord 
(neurosyphilis) resulting in blindness, insanity, paralysis and even death. 

Treatment: Syphilis can be cured by treatment with antibiotics like penicillin, 
tetracycline, erythromycin and doxycycline at an early stage of the disease. 
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11.5.2. GONORRHEA [Also spelt as gonorrhoea] 

Gonorrhea is a sexually transmitted disease caused by the bacterium Neisseria 
gonorrhoeae which is a Gram negative coccus (spherical bacteria) and hence 
commonly called gonococcus. 

© Modes of transmission: The gonococcus usually invades the body through 
mucous membranes during sexual contact with an infected partner or during delivery 
of a baby through birth canal of an infected woman. 

@ Signs and symptoms: Gonorrhea affects mainly the mucous membranes of 
urinogenital tract. Symptoms develop about a week after infection and include pain 
on passing urine (dysuria) and discharge of pus (known as gleet) from penis (in 
men) or vagina (in women), However, many infected women do not experience such 
symptoms. In untreated cases, the infection may spread throughout the reproductive 
system causing sterility. Other complications include fever, headache, arthritis, 
inflammation of heart valves (endocarditis) and infection of eyes (conjunctivitis). 

Treatment: Gonorrhea is usually treated with antibiotics like penicillin, 
streptomycin, ampicillin etc. Modern antibiotics like ciprofloxacin, ofloxacin, or 
cefotaxime are more effective. 


11.5.3. AIDS 


AIDS or Acquired Immune Deficiency Syndrome is a fatal illness caused by a 
virus called human immuno-deficiency virus (HIV) which damages the human 
body’s immune system, leaving the victim susceptible to various secondary infections 
and life threatening diseases. The term AIDS was coined by ‘Centre for Disease 
Control’ (CDC), Atlanta, USA in 1982. The causative agent of AIDS i.e., HIV was 
discovered in 1983 by Barre-Sinouss in Paris. 

HIV is a RNA virus (retrovirus) capable of reverse transcription (making 
DNA from RNA) in the host cell. When a man is infected with HIV, the virus enters 
into blood and attacks certain white blood cells (lymphocytes) that are responsible 
for the body’s immune response. The virus multiplies within the lymphocytes, impairs 
their function and ultimately kills them. As a result of this, the immune system of 
the body is destroyed and the person is easily attacked by other diseases which may 
cause death of the victim. 

Modes of transmission: The HIV can only survive in body fluids. It is found 
in greatests concentration in blood, semen and CSF. Lower concentrations have been 
detected in saliva, tears, breast milk, urine and vaginal secretions, However, the virus 
is transmitted by blood and semen only. HIV may be transmitted from one person 
to another in the following ways :— 

[1] Sexual contact: Intimate sexual contact with a HIV infected (i.e., HIV 
positive) partner is the main cause of spread of AIDS. So AIDS is included in the 
group of STDs. Vaginal, anal or oral sex can spread AIDS, Thus, both heterosexuals 
and homosexuals can acquire HIV from an infected sex partner. The risk of 
transmission is greater when the skin or mucous membrane is torn or damaged, Anal 
intercourse is of higher risk because it is more likely to injure the tissues of the 
receptive partner, For vaginal sex, the risk is greater when the woman is menstruating. 
Prostitution or having multiple sex partners is an important cause of spread of AIDS 
in human society. 
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[2] Blood contact : AIDS may be transmitted by transfusion of HIV infected 
blood er blood products, Patients requiring frequent transfusion of blood or blood 
products are at higher risk of getting infected with HIV. Close contact between 
infected and non-infected people through cuts and open wounds may also pass on the 
virus. 

[3] Sharing of infected skin-piercing instruments : Use of syringe, needle or 
any other skin-piercing instrument (e.g., those used in ear-piercing, tattooing, 
acupuncture etc.) and even shaving razor or blade which has been used on a HIV 
infected person may transmit AIDS. Particularly the drug addicts who usually share 
syringe and needle for self injection are always at risk of getting infected with HIV. 

[4] From mother to baby: A HIV positive mother can pass on the virus to her 
baby through placenta during delivery or through breast-milk. 

HIV is a fragile virus and it does not not survive well outside the body in open 
air. It is not transmitted through mosquitoes or any other insects. Casual social 
contact with HIV positive persons e.g., kissing, shaking hands, touching of household 
articles used by an infected person and sharing of bathrooms, urinals, swimming 
pools, clothes, food, water efc.,involves no risk of infection. 

© Signs and symptoms: The incubation period of HIV (i.e., the period from 
HIV infection to development of AIDS or appearance of symptoms of the disease) 
is uncertain and it may vary from a few months to 6 years or even more. 

The virus can remain silent in the body for many years. So infection with HIV 
does not necessarily result in AIDS immediately. Most of the HIV positive persons 
remain symptomless and healthy for several years but they can transmit the virus to 
others ; so they are called ‘carriers’. AIDS is the last stage of HIV infection. 
Common symptoms of AIDS are—(1) Swollen lymph glands especially in neck and 
armpits, (2) Intermittent fever, (3) Unexpected weight loss (hence AIDS is also called 
‘slim disease’), (4) Profound fatigue, (5) Night sweats, (6) Frequent diarrhea, (7) 
Shortness of breath and persistent dry cough, (8) Skin and oropharygeal infections. 
Finally, an AIDS patient may develop a number of fatal opportunistic infections (e. g., 
pneumonia, tuberculosis, encephalitis, meningitis etc.) and unusual cancers (e. g. 
Kaposi’s sarcoma) leading to death. 

Prevention: Till now there is no medicine (antibiotic etc.) to cure AIDS and 
no vaccine to protect people from the disease. So, utmost precautionary measures 
should be taken to prevent spread of this dreadful disease. These are as follows :— 

[1] Restriction of sex : Restriction to one sexual partner reduces the risk of 
getting HIV infection. ‘Free sex’ in western countries has caused extensive spread of 
AIDS ; so, it should be discouraged. Sexual contact with prostitutes should be avoided 
because they may act as HIV carriers. 

[2] Safer sex : Use of condom during intercourse prevents spread of AIDS as 
well as other STDs through sexual contact. 

Is] Restriction of sharing articles: Sharing of any device that punctures the skin 
should be avoided. Disposable syringe and needle are to be used for blood collection 
or injection. It is best not to use others shaving razors or blades and even tooth 
brushes (because in many people the gums may bleed when the brush their teeth). 
Surgical instruments should be properly sterilized before use. 
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[4] Screening of blood : All blood and blood products should be screened for 
HIV before transfusion. HIV positive persons should refrain from donating blood. 
The blood of prostitutes should also be screened routinely to identify HIV positive 
carriers for proper rehabilitation. 

[5] Restriction and termination of pregnancy : HIV positive women should 
avoid pregnancy to prevent transmission of HIV to their babies. If such a woman 
becomes pregnant, pregnancy should be terminated. 

[6] Protection of health workers : Health care workers working with HIV 
positive persons should use gloves and avoid blood contact with the patient. 

[7] Education : People should be educated about the nature, transmission and 
prevention of AIDS. This is most important to develop mass awareness against 
spread of the disease. For this mass media should be involved. Educational materials 
and guidelines for prevention of the disease should be made widely available. 

© Treatment: At present, there is no vaccine or cure for treatment of AIDS. 
Most treatments are limited to relieving the symptoms. However, some anti-retroviral 
drugs have been developed recently. They include reverse transcriptase inhibitors 
or protease inhibitors which suppress the HIV infection (i.e., replication of the 
virus in human body). Although these drugs neither restore the immune system nor 
kill the HIV, they can prolong the life of severely ill AIDS patients. 


11.5.4. HEPATITIS-B 


Hepatitis-B is a viral hepatitis (i.e., a viral infection causing inflammation and 
necrosis of liver) caused by hepatitis-B virus (HBV). The HBV was discovered by 
Blumberg in 1963. It is a DNA-virus which replicates in liver cells causing severe 
damage to liver. Hepatitis-B was formerly known as serum hepatitis. 

@ Modes of transmission: Hepatitis-B is essentially a blood borne infection. It 
may spread in following ways : [1] By transfusion of infected blood or blood products ; 
[2] Through dialysis ; [3] Careless handling of infected blood ; [4] Through 
contaminated syringes, needles, other skin-pricking instruments, razors and blades ; 
[5] Accidental inoculation during surgical or dental procedures and acupuncture ; 
[6] From infected mother to baby through placenta or during delivery (due to leak 
of maternal blood into the baby’s circulation) ; [7] Through sexual intercourse with 
an infected partner ; [8] By physical contact between infected and non-infected 
persons having cuts or wounds. Thus, drug addicts, recipients of blood transfusion, 
doctors, health care and laboratory workers, homosexuals and prostitutes are at high 
risk of HBV infection. 


© Signs and symptoms: Symptoms of hepatitis-B develop suddenly after an 
incubation period of 6 weeks to 6 months and include headache, fever, chills, general 
weakness, jaundice, nausea and severe loss of appetite. Most of the patients recover 
gradually but in some cases, the infection may become persistent and cause chronic 
hepatitis and even liver cancer leading to death. 

@ Prevention: Since there is no specific treatment of hepatitis-B, it is very 
important to take preventive measeres against the disease. These are as follows :— 

[1] Vaccination (Active immunization) : HBV infection can be prevented by 
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active immunization using hepatitis-B vaccine. Two types vaccines are available— 
plasma derived vaccine and yeast derived vaccine (a genetically engineered vaccine), 

[2] Passive immunization : Hepatitis-B immunoglobulin (HBIG) is now available 
which should be given immediately after an accidental inoculation (or exposure to 
HBV infected blood). 

[3] Other measures : (a) All blood donor should be screened for HBV infection, 
(b) Surgical and all skin piercing instruments should be sterilized. (c) Sharing of 
articles like razors, blades, needles to be avoided. (d) Sexual promiscuity to be 
avoided and HBV carriers should use condom during sexual intercourse. (e) Health 
personnel should be alerted to avoid blood contact with HBV infected patients. 


11.6. Polio Immunization : Pulse Polio 


What is Polio: Poliomyelitis (commonly known as polio) is an acute viral 
infection caused by a RNA virus (polio virus) which may affect the central nervous 
system (CNS) to cause paralysis and even death. The polio virus enters the body 
mainly through contaminated food and water or through droplet infection. It multiplies 
in the gastrointestinal tract. The virus is found in feces and oropharyngeal secretions 
of an infected person through which it is transmitted to other persons. From the 
intestine, the virus enters the bloodstream and lymphatic system, and may reach the 
CNS where it destroys the neurons causing paralysis of muscles and muscle wasting. 
The limb muscles are often affected. The disease may also cause death if the respiratory 
muscles are paralysed. The disease occurs mainly in children (hence it is also called 
infantile paralysis) but adults may also be affected. The incubation period of polio 
virus is 7-14 days, i:e., symptoms of the disease appear 7-14 days after infection. The 
early symptoms are sore throat, cough, fever, headache, nausea, vomiting, malaise, 
pain, stiffness in neck and back muscles etc. Diagnosis of the disease at early stage 
is difficult because many of the symptoms resemble those of common cold (flu). 
Muscle paralysis occurs in a few cases only, when the CNS is affected. Many people 
may have the infection in mild form often without knowing it but they may transmit 
the infection. 


Polio immunization : Polio, the crippling disease, is not curable but it can be 
prevented by active immunization using polio vaccines. Two types of polio vaccines 
are available—(1) Inactivated polio vaccine (IPY) and (2) Oral polio vaccine 
(OPY). 

IPV was discovered by Salk in 1954 (hence also known as Salk polio vaccine). 
It consists of inactivated (or killed) polio virus and it is administered by subcutaneous 
or intramuscular injection. Immunization with IPV requires four initial (or primary) 
doses : Ist dose is usually given when the baby is 6 weeks old, the 2nd and 3rd doses 
are given at intervals of 1-2 months and the 4th dose is given 6-12 months after the 
3rd dose. Additional booster doses are to be given prior to school entry and then 
every 5 years upto the age of 18 years. 

OPV was discovered by Sabin in 1957 (hence also called Sabin polio vacine). 
It contains live attenuated (weakend) polio virus. Immunization with OPV requires 
four initial doses ; 1st dose is given at birth (before discharge from the hospital), the 
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2nd, 3rd and 4th doses are given at the age of 6 weeks, 10 weeks and 14 weeks 
respectively. One booster dose of OPV is to be given 12-18 months later. 

Both the vaccines (IPV and OPV) induce production of antibody in blood against 
polio virus and can protect the recipient fom paralytic polio. But the OPV is now 
more widely used for routine immunization of’ children against polio because of its 
following advantages: [1] It is cheaper. [2] It is easy to administer (because it is 
given orally and not by injection). [3] It produces antibody more quickly. [4] It 
induces humoral and local (intestinal) immunity so that reinfection of the intestine 
is prevented. But IPV does not induce local immunity ; so, the intestine can be 
reinfected to be a source of infection for others. 

o Pulse polio : Routine immunization with OPV can prevent polio in the recipient 
but it is not sufficient to eradicate polio from a country having dense population and 
poor sanitation as in India. Eradication of polio from our country is possible only by 
simultaneous mass immunization with OPV covering 100% of the population at risk. 
For this, the Government of India has launched the pulse polio programme. Pulse 
polio is a nation wide mass immunization programme in which OPV is given free 
of cost to all children upto the age of 5 years in the country on the same day. Pulse 
polio days are observed at an interval of 4-6 weeks in a year, usually during the low 
transmission season of polio i.e., between November to February. In each pulse 
polio day all children upto 5 yrs of age should be given the dose of OPV irrespective 
of their previous immunization with OPV. 

The doses of OPV given during the pulse polio days are ‘additional doses’ 
which supplement and do not replace the routine immunization. Pulse polio 
programmes involve mass campaigns through news papers. radio, television, 
signboards, hoardings etc. The Government of India has decided to continue the 
yearly pulse polio programmes until the disease is eradicated from the country. In 
spite of the massive efforts, the pulse polio programmes have not been 100% successful 
because many people are not bringing their children to the pulse polio centres. So, 
health workers are now visiting the houses to give OPV to all children below 5 years 
of age in the family ; this is called mopping up programme. 


11.7. Amniocentesis 


© Definition: Amniocentesis means withdrawal of a sample of amniotic fluid 
from a pregnant woman by piercing the amniotic sac through the abdominal wall. 

© What is amniotic fluid ? Amniotic fluid is the fluid contained within the 
amniotic sac which surrounds the growing fetus like a cushion to protect it from 
external pressure. The fluid contains some living cells swept from inside the body 
of the fetus (because the fluid is constantly being swallowed by the fetus and passes 
through its gut) as well as shed from the skin of fetus or the amnion. The amniotic 
fluid also contains urine (i e., metabolic by-products) of the fetus. 

© Process of amniocentesis : A hollow needle is inserted into the amniotic sac 
through the walls of abdomen and uterus using a local anesthetic. For inserting the 
needle properly, an ultrasound scanner is used which shows the position of fetus and 
placenta on a screen and guides the needle into the right place without causing any 
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damage to fetus and placenta. About 20 ml of amniotic fluid is sucked out with the 
help of a syringe. The amniotic 
_/ Ultrasound scanner | sac is tough and seals itself after 
ö removal of the needle. 

Use (or importance) of 
amniocentesis : Amniocentesis 
' Chorionic is a prenatal diagnostic 

“ill technique. The sample of 
Amniotic] amniotic fluid collected by this 
is used for two purposes: 

[1] Karyotype analysis of 
the fetal cells : It means 
determination of the 
chromosomal pattern (number, 
structure etc.) in the fetal cells. 
For this, the amniotic fluid is 
centrifuged to separate the fetal 

Fig. 11.2 : The process of amniocentesis. cells. The cells are then cultured 
to obtain large number of dividing cells. These cells are stained and their chromosomes 
are examined microscopically (chromosomes are visible only when the cells are 
dividing). Such karyotype analysis of the fetal cells helps to detect (i) the possibility 
of chromosomal anomalies (e. g., Down’s syndrome, Klinefelter’s syndrome and 
Turner’s syndrome) in the child as well as (ii) the sex of the child. 

[2] Biochemical analysis: Certain inborn errors of metabolism (e. g., Tay-Sach 
disease, Galactosemia, Maple syrup urine disease) and congenital diseases (e. g., 
Thalassemia and Spina bifida) can also be detected prenatally by biochemical analysis 
of the cells or the fluid obtained from the sample of amniotic fluid collected by 
amniocentesis. 

If it is established from amniocentesis that the baby is likely to suffer from a 
serious, incurable, congenital defect, the pregnancy may be terminated by abortion. 
Such abortions are not at all unjustified from clinical as well as ethical point of view. 
Amniocentesis is usually carried out at 14-16 weeks of pregnancy (after sufficient 
amniotic fluid has been formed) when abortion of the affected fetus is still feasible. 

@ Missuse of amniocentesis : It is easy to determine the sex of the fetus by 
examining the sex chromosomes in the fetal cells present in a sample of amniotic 
fluid. So amniocentesis has been widely misused for abortion of the female fetus 
when the parents are unwilling to have a daughter. This is very much unjustified and 
unethical from the social point of view. 

@ When amniocentesis is recommended ? Considering its use and misuse, 
amniocentesis can be recommended in the following cases : (1) When the parents 
have or had a child with chromosomal anomaly or any serious inborn metabolic 
defect detectable by amniocentesis. (2) When there is a family history of sex linked 
genetic diseases. (3) When the mother’s age is 35 years or more (because of the high 
tisk of Down’s syndrome with advanced maternal age). However, there is no 
justification of undertaking amniocentesis, unless the parents agree to terminate 
pregnancy if a serious abnormality is detected. 
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11.8. Inequality Of Sexes 


Like many other animals, human beings are also sexually distinguished into male 
andefemale types which differ due to the difference in their sex chromosome pair. 
Human males have the XY pair of sex chromosomes while human females have the 
XX pair. Thus, a man is heterogametic (i. e, a man produces two types of sperms 
in 1:1 ratio ; 50% having the X chromosome and remaining 50% having the Y 
chromosome), while a woman is homogametic (i.e., a woman produces only one 
type of ovum having the X chromosome). 

Sex of the fetus (or baby to born) depends solely on the type of sperm that has 
fertilized the ovum to form zygote from which the fetus has developed. If a sperm 
with X chromosome fertilizes the ovum ; the baby will be female and if a sperm with 
Y chromosome fertilizes the ovum, the baby will be male. Thus, the father is 
biologically responsible for the sex of the baby, and the mother is in no way concerned 
with this. Whether the baby will be male or female is absolutely a matter of chance 
because any of the two types of sperms having X or Y chromosome can fertilize the 
ovum. But unfortunately, due to lack of knowledge about how the sex of the baby 
is determined at the time of fetilization, the mother is often blamed for giving birth 
to a female baby. This is a gross injustice to women.We must realize that a woman 
bears the baby in her womb throughout the long gestation period, takes the pain of 
giving birth, feeds the baby and takes every care till the baby is able to fend for 
itself. Inequality of sexes (discrimination between male and female or son and 
daughter) is a soical evil which can be removed by proper education only. Everyone 
should be rational and free from prejudice in matter relating to equality of sexes. 


11.9. Female Feticide 


© Definition: Female feticide means killing of the female fetus in uterus. 

@ Explanation: Many couple, who do not like to have a daughter, want to know 
the sex of the fetus when the wife is pregnant so that the pregnancy may be terminated 
if the fetus (baby to be born) is female. 

Sex of the fetus can be determined very easily by ultrasonography (USG. i.e., 
imaging of the fetus). It can also be detected by analyzing the sex chromosomes in 
the cells samples obtnined from amniocentesis (described earlier) or chorionic villus 
sampling (CVS). In CVS, a sample of chorionic villus tissue is sucked by inserting 
a hollow needle into the chorion through the abdominal wall or uterine cervix. As 
the chorionic villus cells are derived from the zygote and are in highly dividing 
stage, their sex chromosomes can be easily examined for determining the fetal sex. 
Using these prenatal diagnostic techniques if it is established that the fetus is female, 
the pregnancy is terminated by abortion. In this way, a female fetus which is absolutely 
normal (i. e., having no congenital defect) is ruthlessly killed as desired by the parents. 

© Cause : Female feticide is a common practice in families where a son is 
considered as asset and a daughter as liability. This is mainly due to the dowry 
system prevailing in many societies. 

© Effect : Female feticide leads to decrease in the number of female births and 
thus an increase in male : female ratio in a society. Change in the sex ratio is not 
desirable because it produces a biological imbalance in the society. So, female feticide 
is now considered as a social evil and crime. For this reason, determination of fetal 


sex has been banned. 
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11.10.1. DIFFERENCE BETWEEN MARASMUS AND KWASHIOKOR 


[1] Caused by deficiency of both protein 
and calorie. 

[2] Occurs in infants between 6-18 
months of age. 

[3] There is no oedema, 
dehydration may occur. 

[4] There is no subcutaneous fat and 
skin becomes loose. 

[5] Skin becomes dry but there is no 
lesion. 


rather 


[1] Caused by deficiency of protein only. 


[2] Occurs in children older than 1 yr 
(2—4 yrs of age). 
[3] Oedema occurs with moon face. 


[4] Subcutaneous fat present and skin 
does not become loose. 

[5] Skin lesion occurs with hyperpig- 
mentation. 


11.10.2. DIFFERENCE BETWEEN SYPHILIS AND GONORRHEA 


[1] It is caused by a spirochaete 
Treponema pallidum. 

[2] It can be transmitted from mother to 
baby through placenta. 

[3] It produces chancres (painless 
ulcers) and gummas (tumor llike 
masses). 

[4] In untreated cases, it may cause 

serious damage of central nervous 

system but does not cause sterility. 


Sop 


[1] It is caused by a Gram negative 
coccus Neisseria gonorrhoeae. 

[2] It is not transmitted through 
placenta. 

[3] It produces dysuria (pain on passing 
urine) and discharge of pus from 
genitalia. 

[4] In untreated cases, it causes sterility 
but does not affect the central 

nervous system. 


11.10.3. DIFFERENCE BETWEEN AIDS AND HEPATITIS-B 


[1] Its causative agent is a RNA virus 
called HIV (human immuno 
deficiency virus). 

[2] Incubation period of the virus is few 
weeks to 6 years or more. 

[3] All HIV infected persons may not 
develop symptoms of AIDS, In 
AIDS immunity of the body is 
suppressed so that secondary 
opportunistic infections develop 
which may be fatal. 

[4] It cannot be prevented by 

vaccination. 


Hepatitis-B 


[1] Its causative agent is a DNA-virus 
called HBV (hepatitis-B virus). 


[2] Incubation period of the virus is 6 
weeks to 6 months. 

[3] Symptoms develop suddenly. It 

affects mainly the liver which may 

even cause liver cancer and death. 


[4] It can be prevented by vaccination. 
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11.10.4. DIFFERENCE BETWEEN INACTIVATED POLIO VACCINE (IPV) 
AND ORAL POLIO VACCINE (OPV) 


It contains killed polio virus. [1] It contains live attenuated polio 
It is given by intramuscular or virus. 

subcutaneous injection. [2] Itis given orally. 

Itis difficult to prepare, hence costly. 


It induces humoral immunity but not | [3] It is easy to prepare, hence cheaper. 
local immunity. So, it does not | [4] It induces both humoral and local 
prevent reinfection. immunity, So, it prevents reinfection. 
It is not useful in controlling | [5] Itis useful for controlling epidemics. 
epidemics. 


11.11. Matters To Recollect 


Balanced diet means a diet containing all nutrients in adequate quantities and 

correct proportions, capable of maintaining good health of an individual. 

Carbohydrate and fat rich foods are energy yielding foods. 

Proteins rich foods are body building foods. 

Foods rich in vitamins and minerals are called protective foods. 

Mother’s milk is the ideal food for infants upto 3-4 months. 

A pregnant woman requires more nutrients for supporting growth and 

development of the baby in her womb. 

Aged persons require less calorie because of their sedentary habits. 

PCM or Protein calorie malnutrition means nutritional deficiency due to 

inadequacy of protein and calorie along with some other nutrients. , 

PCM is mainly of two types marasmus and kwashiorkor. 

Iron deficiency causes anaemia. 

Iodine deficiency causes goitre. 

A test tube baby is produced by in vitro fertilization-embryo transfer (IVF-ET) 

technique. 

Syphilis and gonorrhea are bacterial diseases transmitted through sexual 

intercourse. 

AIDS and hepatitis-B are viral diseases transmitted through sexual as well as 

blood contact. 

Pulse polio is a nationwide programme of polio immunization for eradication 

of polio. 

Collection of a sample of amniotic fluid from a pregnant woman is called 
amniocentesis. 
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11.12. Summary 


For maintaining good health, an individual must have a balanced diet 
containing all nutrients in adequat amounts and correct proportions. The 
composition of balanced diet of an individual varies according to the age, sex, 
physical activity, physiological or pathological state, food habit, economic status 
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etc. Health disorder due to deficiency, excess or imbalance of nutrients is called 
malnutrition which includes undernutrition and overnutrition. Common 
examples of undernutrition are protein calorie malnutrition or PCM (also known 
as protein energy malnutrition or PEM), iron deficiency, iodine deficiency etc. 
PCM is of two types marasmus and kwashiorkor. Iron and iodine deficiency leads 
to anaemia and goitre respectively. 

Population problem means the problem of excessive increase in human 
population. It is basically due to the fact that birth rate is higher than the death 
rate, Various factors are responsible for this. Overpopulation is a curse because 
it causes unemployment and poverty, shortage of food, shelter and clothing, low 
level of education, unhealthy hygienic conditions, environmental pollution and 
many social crimes. Population problem can be controlled by adopting methods 
of birth control. Infertility is also a problem among some couples. They may have 
a child by ‘in vitro fertilization-embryo transfer’ (IVF-ET) or ‘test-tube baby’ 
technique. 

A group of contagious diseases that spread mainly by sexual contact are 
called sexually transmitted diseases (STD). They include bacterial diseases like 
syphilis and gonorrhea’, viral diseases like AIDS and hepatitis-B etc. AIDS 
virus (known as human immunodeficiency virus or HIV) is a RNA virus while 
hepatitis-B virus is a DNA virus. Polio is a viral disease caused by a RNA virus 
which may affect the CNS to cause paralysis and atrophy of muscles especially 
in limbs. Polio is not curable (i.e., once muscles are atrophied and paralysed by 
polio they cannot be cured) but it can be prevented by. vaccination. Oral polio 
vaccine (OPV) is most widely used to prevent polio. Pulse polio is a nationwide 
polio immunization programme held on the same day all over the country to 
eradicate polio. 

Amniocentesis is a process for collection of amniotic fluid which is used as 
a prenatal diagnostic technique for analysis of fetal sex, chromosomal anomaly 
if any in the fetus and possibility of inborn errors of metabolism in the child to 
be born. Amniocentesis is often misused for abortion of female fetus. Human 
beings show inequality of sexes which depends on the sex chromosomes present 
in an individual. Males are heterogametic but females are homogametic. Sex of 

an individual depends on the sperm that has fertilized the ovum from which the 
individual has developed. Female feticide (or termination of pregnancy when the 
fetus is female) is a social evil. 


11.13. Naming / Discovery / Discoverer 
fl 


T. R. Malthus (1778) proposed that human population grows geometrically 

whereas the means of our substinence increase arithmetically. 

[2] Cicely Williams (1933) discovered ‘kwashiorkor’ and introduced this name. 

[3] Salk (1954) discovered inactivated polio vaccine (IPV). 

[4] Sabin (1957) discovered oral polio vaccine (OPV). 

[5] Blumberg (1963) discovered hepatitis B virus. 

[6] Steptoe and Edwards (1978) discovered ‘test-tube baby’ (or IVF-ET) 
technique. 

[7] Barre-Sinouss (1983) discovered HIV (AIDS virus). 
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11.14. Answers To Special Questions 


[1] 


Ans. 


[2] 
Ans, 


[3] 
Ans. 


[4] 


Ans. 


Ans, 


[7] 


Ans. 


Give the full names of—(a) PCM, (b) AIDS, (c) HIV (d) HBV, (e) IPV, 
(f) OPV, (g) IVF, (h) GIFT, (i) ZIFT, (j) MIST. 

(a) Protein calorie malnutrition. (b) Acquired immuno deficiency syndrome. 
(c) Human immuno deficiency virus. (d) Hepatitis-B virus. (e) Inactivated 
polio vaccine (f) Oral polio vaccine. (g) In vitro fertilization. (h) Gamete 
intrafallopian transfer, (i) Zygote intrafallopian transfer, (j) Micro-insemination 
sperm transfer. 

Give two examples of—(a) energy. yielding foods, (b) body building foods, 
(c) protective foods. 

(a) Sugar and fats (or oils), (b) Fish and egg. (c) Fruits and green leafy 
vegetables, 

Why is milk considered as an ideal food but not a balanced diet ? 
Milk is considered as an ideal food because it is an excellent natural food 
which contains more or less all nutrients and no other single natural food 
contains so many nutrients in such a balanced proportion. However, since 
milk is relatively deficient in minerals Fe and Cu and vitamins C and D, it 
cannot be considered as a balanced diet or complete food, 

What is humanization of cow’s milk ? 


. Humanization of cow’s milk means changing the composition of cow’s milk 


in such a manner that it becomes more or less similar to human milk and 
suitable for feeding of infants. For this, the cow’s milk is diluted with water, 
and sugar is added to it because the human milk contains less protein and fat 
but more sugar than the cow’s milk. 

Why should fruit juice be given to infants from the 3rd month ? 

Fruit juice is, given to infants to supplement vitamin-C which is deficient in 
milk. 

Why mother’s milk (or breast milk) is better than any other milk for 
infant feeding ? 

Mother’s milk is the best food for the infants because of the following reasons— 
(i) The composition and quality of breast milk is most suitable to meet the 
requirement of the infants. The breast milk contains easily digestible proteins 
and fats in such a balanced proportion that the infant can digest them. On the 
other hand, cow’s milk or preparations of tinned milk may not be suitable for 
infant digestion, 

(ii) The temperature of breast milk is most suitable for feeding the infant 
whereas the temperature of any other milk has to be adjusted before feeding. 
(iii) Mother’s milk is directly fed to the child ; hence, it does not require 
boiling and sterilization of the bottles and utensils as required for feeding of 
other milks. 

(iv) Mother’s milk contains immunoglobulins and other materials that provide 
defence mechanism of the infant. These are not obtained from other milks. 
Why starchy food (rice, wheat etc.) is not given to the infants before the 
age of 6 months ? 

In infants, the normal secretion of amylase, particularly the pancreatic amylase, 


2170 
ij 


1 BFS FE FS 


— 
= 
= 


A TEXT BOOK OF HIOLOGY 


begins at about the age of 6 months ‘So, they cannot digest starch property 
before this age and hence starchy food is not given to them. 

Why is the cow's miik dilated with water for feeding human infants ? 
See answer to Q-4. 

Why do aged persons require adequate dietary fibres ? 

In aged persons, the bowel movement is decreased. Dietary fibres belp in 
bowel movement. So aged persons require adequate dietary fibres for regular 
movement and clearance of bowel. 

Mention the cause of following diseases—(a) kwashlorkor, J. E. K. 1993) 
(b) marasmus. 

(a) Dietary deficiency af protein. (b) Dietary deficiency of protein and calorie 
Name the diseases caused by deficiency of (a) iron and (b) lodine in the 


body. 

(a) Anaemia. (b) Goitre. - 

Name two sexually transmitted (a) bacterial diseases, (b) viral diseases, 
(a) Syphilis and gonorrhea. (b) AIDS and hepatitis-B. 

Name two sexually transmitted diseases which are also transmitted through 


All children below $ years of age in a country. 

Name three methods for determination of fetal sex, 

(i) Ultra sonography. (I) Analysis of sex chromosomes in the fetal cells 
Prevent in the sample of amniotic fuid drawn by amniocentesis. (iii) Analysis 
of sex chromosomes in the chorionic villi celis obtained by chorionic villus 
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cause of female feticide ? 
the society for which a female child is thought to be burden 


of in vitro fertilization ? 
(test-tube baby) technique an infertile couple may 
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—— — deficiency u | 1129) 
* eset of Won eed oiee (Ame 11.22 | 11.29) 
we — 2 — 23 
we „ (Am. 114) 
Discuss the methods of costed (Am. 112) 
unchy describe the process of in vere farulisation—emibeyy ieta iam. 14) 
Write stow ant (Am HAA) AD 
What is AIDS ? How dows i spread 7 Whar are ju symptoms ° Mention it preven ve 
measures, 6 mrio b ‘ (Am U4) 
‘What is hepatitie-B 7 How ja it transeniand ? Mention ia eee ard presente ew eres 
+ 11 
What is polio ? Write briefly about polio dee eee et (Am. 14) 
What is amniocentesis ? Write ith uses and misse W (Am 17) 
Discuss briefly the causes of PCM. (Am 11.2) 
Discuss the disadvantages of IVP-ET. tam, 114) 
Write whet you know about inequality of senes. (Ans LS 
Write a brief essay on female foticide. (Am 1% 


What is balanced diet [JEE 1997, 2003] 7 lee diot wimally what whowkd be ihe 
e UBM, nenen, 


How can you reduce the cout of è du? (Ame. iL) 
Why is cow's miik diluted with water for feeding infants? = (Ame. 11.1 p 1.13 Q-4) 
From whet age an infant thowkd be gives cores! (Awe Tabie 11,1) 
‘What te P What are ite types ? JAn ILJ) 
Wiat do you mean by enderewtition and overnetition ? Give wo examples of each 

- lAn 2) 
eee snd ee ene form a virosa cycle eee (Am ILL) 
What measures would you suggest to prevest POM 7 Am 1.21) 
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Mention the iil effects of iron (Ams, 11.2.2) 
What is endemic golive ? (Am, 1.23) 
Why idine deficiency csser t (Am 11.23) 
Mention the factors rexponsibte for tam. 11.3) 
Who discoversd—da) lo vitro fertilization, (hh) MIV. (c) Stege h sinss, (d) Laats siest 
polio waccime (a) Oval polio 7 (Am. 11.12) 
What is seperovulation ? Why is i indeced in IVP-IT techelque ? (am U4) 
How ove are colhecind for IVP ? (Am, 114) 
What is syphilis 7 (Am. 1.41) 
What is goeorthes 7 (Am, 1.42) 
Name three seruslly Uantonitied distases thet con be een frum a pregnen =i min 
to het baby rugh pix enta (Am ILAI p 149) AD 
Name two diseases consed by RNA viros Um LAR The) 
Neme one bacterial disease and one visi distaw ia which ombi wervoe: system ie 
e (Ame f Le) 
What are che advantages of orei polo virine over Oar mmactsy ened pobo saiae ` 
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[23] What is pulse polio 2 (Ans, 11.6) 
[24] What do you mean by inequality of sexes. (Ans, 11.8) 
[25] What is female feticide ? (Ans. 11.9) 
[26] How does amniocentesis help in determination of fetal sex ? (Ans, 11.7) 
[27] How can successful fertilization in IVF be confirmed ? (Ans. 11.4) 
[28] What do you mean by IUI (intrauterine insemination) ? (Ans. 11.4) 
[29] What are GIFT and ZIFT ? (Ans. 11.4) 
[30] What is MIST ? (Ans. 11.4) 
© C. Distinguish between : 
[1] Marasmus and Kwashiorkor. (Ans. 11.10.1) 
[2] Syphilis and Gonorrhea. (Ans. 11.10,2) 
[3] AIDS and Hepatitis-B. (Ans. 11.10.3) 
[4] Inactivated polio vaccine and Oral polio vaccine. (Ans. 11.10.4) 


© D. Write short notes on: 


[1] Marasmus (Ans. 11.2.1). [2] Kwashiorkor (Ans. 11.2.1). [3] Endemic goitre (Ans. 
11.2.3.). [4]In vitro fertilization (Ans. 11.4). [5] AIDS (Ans. 11.5.3). [6] Pulse polio (Ans, 
11.6). [7] Amniocentesis (Ans. 11.7). [8] Inequality of sexes (Ans. 11,8). [9] Hepatitis-B 
(Ans. 11.5.4). [10] Female feticide (Ans. 11.9). 


© E. Fill in the blanks : 


10 
121 
[3] 
[4] 
[5] 
[6] 
171 
[8] 
[9] 
[10] 


eo F 


11¹ 
121 


BI 
[4] 


[5] 


[6] 
[7] 


[8] 
[9] 
110] 
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A balanced diet contains all the in adequate amounts and correct proportions. 
Tron deficiency causes 

Iodine is deficient in soil and water 005 . 

Iodine deficiency produces in young ones. 

The two diseases. and are transmitted mainly through sexual contact. 
Treponema pallidum infection produces 

HIV suppresses the system of human body. 

Hepatitis-B is mainly a borne infection. 

Polio may cause and of muscles. 

Amniocentesis can be used for sex determination of the 


Choose the correct answer from those given in parentheses to complete the following 
sentences: 

Foods rich in minerals and are called protective foods. (proteins / sugars / vitamins) 
Marasmus is caused by dietary deficiency of. protein / calorie / both protein 
and calorie) 

Iodine deficiency produces (anaemia / goitre / rickets) 

Myxoedema is caused by dietary deficiency of (iron / iodine / folic acid / 
protein) 

The surgical method used for male sterilization is, . (castration / ligation / 
vasectomy) 

In IVF-ET technique, the fetus is reared in . (test-tube / petri-dish / uterus) 
Syphilis is characterized by . (chancres / dysuria / discharge of pus through 
genitalia) x 

Gonorrhea is transmitted mainly through . (sexual contact / blood transfusion / 


sharing of injection needles) 


is a viral disease which can be prevented by vaccination. (AIDS /Syphilis / 
Gonorrhea / Hepatitis-B) 


In pulse polio programmes, polio vaccine is given . (orally / by s.c. injection / 
by im. injection) 
Multiple choice type questions : 
Which of the following diseases can be cured by using iodized salt ? 
(a) Anaemia, (b) Marasmus, (c) Goitre, (d) Kwashiorkor. 


[2] 


(3] 
(4) 
[5] 


lo! 
17 
[8] 
[9] 
110) 


(11) 


112] 
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Marasmus is also known as : 

2 Infantile paralysis, (b) Slimming disease, (e) Starvation disease of infants, (d) None of 
these. 

Hypochromie microcytic anaemia is caused by deficiency of: 

(a) Folic acid, (b) Vitamin B (c) Iron, (d) All these. 

Iodine deficiency is associated with: 

(a) Goitre, (b) Cretinism, (c) Myxoedema, (d) All these. 

The full name of AIDS is: 

(a) Auto immune deficiency. syndrome, (b) Acquired immune deficiency syndrome, 
(c) Acquired iodine deficiency syndrome, (d) Artificial immune deficiency syndrome. 
Which of the following are at high risk of AIDS ? 

(a) Drug addicts taking drug by injection, (b) Prostitutes, (c) Homosexuals, (d) All these. 
Gonorrhea causes: 

(a) Pain on passing urine, (b) Discharge of pus from genitalia, (c) Sterility, (d) All these. 
AIDS is not transmitted through: 

(a) Blood contact, (b) Sexual contact, (c) Kissing, (d) Sharing of injection needles. 

The central nervous system may be affected in : 

(a) Syphilis, (b) Polio, (c) Both of these, (d) None of these. 

Amniocentesis is used for detection of : 

(a) Fetal sex, (b) Chromosomal anomaly in the fetus, (c) Possibility of inborn errors of 
metabolism, (d) All these. 

AIDS can be cured by : 

(a) Vaccination, (b) Antibiotic treatment, (c) Both of these, (d) None of these, 

Sex of the fetus depends on: 

(a) Sperm, (b) Ovum, (c) Both sperm and ovum, (d) None of these. 


@ H. State whether the following statements are true or false : 


u 
[2] 
131 
(4) 
[5] 
[6] 
7 
[8] 
19] 
110] 


Mother's milk is an ideal food for early infants. 

Cereals are body building foods. 

In aged persons, the nutritional requirements of vitamins and minerals are reduced. 
Endemic goitre was more common in hilly areas. 

All HIV: positive persons may not develop AIDS for years. 

Syphilis may cause sterility. 

In vitro fertilization is a very simple and cheap technique to overcome sterility. 
Syphilis and gonorrhea can be cured by antibiotic therapy. 

AIDS and hepatitis-B are vaccine preventable diseases. 

Amniocentesis means collection of cerebrospinal fluid. 


Answer to Q. No. E, F, G, and H 


[1] Nutrients. [2] Anaemia. [3] Hilly. [4] Cretinism. [5] Syphilis, Gonorrhea. [6] Syphilis. 
[7] Immune. [8] Blood. [9] Paralysis, wasting. [10] Fetus. 

[1] Vitamins. [2] Both protein and calorie. [3] Goitre. IA] Iodine. [5] Vasectomy. [6] Uterus. 
[7] Chancres. [8] Sexual contact. [9] Hepatitis-B. [10] Orally.. 

III (c). [2] (©). [3] C., [4] @). [5] (b). [6] (a). [7] (d). [8] (c). [9] (©). [10] (c). [11] (d). 
[12] (a). 

[1] True. [2] False. [3] False. Id] True. [5] True. [6] False. [7] False. [8] True. [9] False. 
[10] False. 


Immunology 


Topics Discussed : Introduction; Antigen and antibody; Types of immunity inherited (innate) and 
acquired immunity, cell mediated and humoral immunity, active and passive immunity: A few comparisons, 


12.1. Introduction 


We are continuously exposed to various infective agents like viruses, bacteria, 
fungi and parasites present in the environment. The human body is provided with 
defence mechanisms to protect it from infections. This is called immunity. Immunity 
can be defined as the body's ability to resist the deletorious effects of infective 
organisms or toxins. It refers to all the mechanisms used by the body for self-defence 
against pathogenic micro-organisms, their products and non-microbial antigens 
(toxins). 

The organs responsible for immunity together constitute the immune system of 
the body. It comprises of the lymphoid organs where the lymphocytes (cells 
responsible for immunity) undergo maturation and proliferation. Lymphoid organs 
are of two kinds—primary and secondary. Primary lymphoid organs are thymus 
and bone marrow where lymphocytes are processed and matured to form two distinct 
types called T-lymphocytes and B-lymphocytes respectively. After maturation, the 
T and B lymphocytes migrate via blood vascular and lymphatic systems to the 
secondary lymphoid organs where they remain stored, and undergo rapid 
proliferation in response to antigenic stimulus. These organs include lymph nodes, 
spleen, tonsil and the gastro-intestinal lymphatic tissue (e.g., Peyer’s patch), When 
an infective agent (antigen) invades the body, the T and B lymphocytes stored in 
secondary lymphoid organs become activated and they proliferate rapidly to fight out 
the invader. 

The response of the immune system (secondary lymphoid organs) to antigen is 
called immune response, There are two types of immune response produced by the 
two (T and B) types of lymphocytes. T-lymphocytes produce cell mediated immunity 
whereas B-lymphocytes produce antibody mediated humoral immunity, The study 
of immunity is known as immunology. Due to rapid progress of the subject, 
immunology has now evolved as a new branch of biological science which deals 
with different aspects of immunity or immune system. 


12.2. Antigen And Antibody 


Antigens are foreign (non-self) substances which on entering into the body evoke 
immune response and are responsible for specific reactions with the antibodies, 
Chemically, antigens are usually proteins or combination of proteins with other 
substances e.g., polysaccharides, lipids, nucleic acids or even simple molecules like 
haptens. Haptens are substances which are unable to induce antibody formation but 
are able to react specifically with antibodies. Haptens become immunogenic i.e., 
capable of inducing antibody production on combining with larger molecules usually 
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proteins, A hapten is that portion of an antigen which can determine the immunologic 
specificity but is not self-sufficient to produce immune response. Thus, haptens are 
considered as incomplete antigens. 

Antigens are usually found in the cell surface of pathogenic microbes (e.g., 
virus, bacteria, fungi) or in the toxins produced by them. They enter into the body 
through the food, beverage and air we take in and through the injured skin or 
mucous membrane. Some toxic chemicals e. g., venom of snakes, insects etc., and 
new proteins produced by cancer cells, virus infected cells or transplanted tissues 
also behave as antigen. 

An antibody is a protein produced in the body in response to entry of an antigen 
and is capable of reacting specifically with the same antigen to inactivate it. Thus 
antigens are antibody generators and antibodies are antigen destroyers or anti- 
antigens. Antibodies are produced by the action of plasma cells formed from 
B-lymphocytes in response to stimulation by specific antigens. B-lympocytes are so 
named because they are derived from (i. e., matured in) bone marrow. Functionally 
(i.e. according to the nature of reaction with the antigen), the antibodies may be of 


five types : 

[1] Antitoxins — that neutralize or inactivate toxin. 

[2] Agglutinins — that cause clumping or agglutination of cells containing 
the antigen. 

[3] Precipitins — those which cause precipitation or flocculation of soluble 
antigens. 

[4] Cytolysins — that cause lysis or breakdown of antigen containing cells. 

[5] Opsonins — that cause opsonisation or coating of antigen containing 


cells (bacteria) to facilitate their phagocytosis (i.e., ingestion by phagocytic cells). 
Antibodies are also called immunoglobulins (igs) because they belong to the 

y-globulin fraction of plasma proteins having immune function. The basic structure 
of each Ig molecule consists of 4 polypeptide chains. There are two long chains 
called heavy chains (H chains) and two short chain called light chains (L chains). 

Variable part 

(Amino acid sequence is different 

in different molecules) 


Constant part 
(Amino acid 
sequence is 


same in all 
molecules of 
the same type) 


Fig. 12.1 : The basic structure of an antibody (immunoglobulin) molecule. 
The four chains are held together by disulphide (S-S) bonds forming a Y-shaped 
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molecule (Fig. 12.1). The Ig molecule has a constant part and a variable part. The 
variable part is located at the tip of the two arms of the Y and it contains the antigen 
binding site which binds with the specific antigen in a lock and key manner, forming 
an antigen antibody complex. As a result of this, the antigen (toxin or antigen 
containing micro-organism) is destroyed. Based on their chemical, physical and 
physiological nature, immunoglobulins are grouped into five classes—IgA, IgD, IgE, 
IgG and IgM. Their importance in the body is as follows : 

IgA—It is found in body secretions (saliva, tears, milk and secretion of all 
mucous membranes). It provides primary defence mechanism at the mucous 
membranes against local infections. It also confers passive immunity to the baby 
through mother’s milk, 

IgD—It is found mainly on the plasma membrane of lymphocytes and probably 
act as antigen receptors. 

IgE—It mediates allergic reactions. 

IgG—lIt is the major antibody present in serum (about 75—80% of the total 
serum Ig), and plays the main role in inactivation of toxins and the invading micro- 
organisms (bacteria, virus etc.). IgG of mother’s serum confers passive immunity to 
the fetus through placenta (it is the only Ig that can cross placenta). 

IgM—lIt is produced earliest on exposure to antigen. Its presence may indicate 
a recent infection. It helps in clumping (agglutination) of antigen containing cells. 


12.3. Types (Or Classification) Of Immunity 


Immunity is basically of two types—(i) inherited (innate) or non-specific immunity 
and (ii) acquired or specific immunity. Each type is again divisible into various sub- 
types. 1 
12.3.1. INHERITED OR INNATE OR NON-SPECIFIC IMMUNITY 

Innate immunity comprises of all the defence mechanisms of the body with which 
an individual is born. Thus, it is inborn and natural, and not induced by invasion of 
an antigen. This type of immunity can fight against various invaders non-specifically. 
Innate immunity consists of some barriers which prevent entry of infective agents 
into the body, and when some pathogens enter into the body, they are immediately 
killed. Innate immunity includes the following four types of barriers. 

[1] Anatomical barriers : Intact skin and mucous membranes are anatomical 
barriers preventing entry of organisms into the body. The mucus secreted by mucous 
membranes entraps micro-organisms and cilia propel micro-organisms out of the 
body. 

[2] Physiological barriers : Physiological factors like body temperature, pH and 
various body secretions prevent growth of many. micro-organisms. For example 
(i) Fever response inhibits growth of many pathogens, (ii) Gastric HCI kills the 
ingested pathogens. (iii) Lysozyme present in tears, saliva etc., has bacteriolytic 
action, (iv) Interferon is an antiviral substance (small protein) secreted by cells 
infected with a virus. This inturn inhibits viral multiplication and protects other cells 
in the vicinity from the virus. 

[3] Phagocytic barriers : Phagocytic activity of WBCs (neutrophils) and 
macrophages (large cells formed from monocytes) can kill almost all types of microbes 
when they enter into the body, 
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; [4] Inflammatory barriers : An infection or tissue injury often results in 
inflammatory response in which there is localized swelling, redness, pain and rise of 
temperature. It occurs due to release of certain chemicals e.g., histamine, prostaglandin 
etc., from the damaged cells, which cause local vasodilatation, As a result of this, 
phagocytic cells and serum proteins with antibacterial activity leak into the affected 
area. These responses help to destroy the invading micro-organisms. 
12.3.2. ACQUIRED OR SPECIFIC IMMUNITY 

This type of immunity is induced when the body is infected by specific invaders 
like bacteria, virus, toxins etc. It is not inborn, and it develops only when the body 
is exposed to specific antigen ; hence, it is called acquired immunity. It is also called 
specific immunity because separate materials are produced to fight against each 
antigen i.e., the immunity developed against one type of invader cannot fight with 
other invaders. Another important characteristic feature of acquired immunity is 
formation of memory for which a second attack by the same antigen is easily 
prevented ; so, we rarely suffer twice from various infective diseases like small-pox, 
measles etc. Thus, the three major features of acquired immunity are— 
(i) recognition of the antigen (non-self), (ii) specificity and (iii) formation of memory. 
Acquired (or specific) immunity is mediated by the action of T- and B-lymphocytes 
(small lymphocytes). 
© T-lymphocytes (or T-Cells) and B-lymphocytes (or B-cells) : 

Lymphocytes are histologically of two types—large lymphocytes and small 
lymphocytes. The latter group is further divided functionally (immunologically) and 
developmentally into two sub-types called T-lymphocytes and B-lymphocytes. Most 
of the circulating lymphocytes are of T-type. The T-lymphocytes are so named 
because they are processed and matured in the thymus (T for thymus). They are 
responsible for cell mediated (or cellular) immunity. The B-lymphocytes are so 
named because they undergo processing and maturation in the bone marrow 
(equivalent of bursa of Fabricius of birds ; B for bursa or bone marrow). The B- 
lymphocytes are responsible for humoral (or antibody mediated) immunity. In human 
being, like other blood cells, all lymphocytes also originate from the common stem 
cell in bone marrow. Some immature lymphocytes migrate via blood to thymus 
where they mature to form T lymphocytes. Other lymphocytes which mature in the 
bone marrow itself are called B-lymphocytes. 
@ Types of acquired immunity : 

Acquired immunity is basically of two types—cellular immunity and humoral 
immunity. The former has no sub-types but the latter is again divided into sub-types. 

{1] Cellular immunity or cell mediated immunity (CMI)—It is the function of 
T-lymphocytes or T-cells. When exposed to an antigenic agent (pathogen), the T- 
cells recognize it as a non-self and become specifically sensitized and activated so 
that. they rapidly proliferate and differentiate into specific type of effector T-cells 
and memory T-cells having receptors for the same antigen (i.e., ability to recognize 
the same antigen). The effector T-cells enter the circulation and destroy the antigen 
containing cell by liberating certain peptides called lymphokines (also called cytokines 
or interleukins). The effector T-cells are of three types—killer T-cells (or cytotoxic 
T-cells), helper T-cells and suppressor T-cells. 
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The killer T-cells are mainly responsible for cellular immunity. They kill the 
hosts body cells which have been infected by the pathogen. For this, the killer T-cell 
binds with the infected host cell and releases a protein called perforin which makes 
holes in the plasma membrane of the host cell. These holes allow entry of fluid into 
the cell as a result of which the host cell swells and bursts. Lysis of the host cell 
prevents completion of life cycle and hence multiplication of the pathogen, The 
killer T-cells can also attack cancer cells and cells of the transplanted organs. This 
is why, in cases of mismatched organ transplantation, the transplanted organ is 
destroyed by the host’s cellular immunity (tissue rejection). 


Stem cell in 
bone marrow 


Immature lymphocyte 


Thymus gland 


B-lymphocyte 


Plasma cell 
(Effector B-cell) B-cell 


Antibody 


Inactivation of 
antigenic material 


Lysis of infected bost cell, 
cancer cell and 
transplanted organ cell 


Cell mediated Humoral immune 
immune response response 


Fig. 12.2 : Summary of cell mediated and humoral immune response. 


The helper T-cells stimulate multiplication of killer T-cells as well as B- 
lymphocytes. Thus, helper T-cells stimulate both cellular and humoral immune 
response and maintains a co-ordination between them. The suppressor T-Cells 
prevent the activity of other T-cells and B-cells. Therefore, the whole immune response 
is governed by the relative numbers of the helper and suppressor T-cells. 

The memory T-cells live for long periods (years) in the lymphoid organs for 
secondary immune response in case of future invasion by the same pathogen. 
Memory T-cells remember the encounter and when there is a second attack by the 
same pathogen, they (the memory T-cells) respond very quickly i.e., they become 
active and proliferate very rapidly to produce numerous effector cells and memory 
cells. Thus, CMI is an actively induced immunity. 
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[2] Humoral immunity or antibody mediated immunity (AMI) : It is the 
function of B-lymphocytes (or B-cells). When the body is invaded by an antigenic 
agent, the B-cells at first recognize the antigen and become specifically sensitized 
and activated against it. The activated B-cells proliferate rapidly to form two types 
of cells—plasma cells (or effector B-cells) and memory B-cells. The plasma cells 
live only for a few days but the memory B-cells survive for long periods.The plasma 
cells are specific for each antigen i.e., in response to each antigen, the B-cells 
produce a specific type of plasma cells which inturn synthesize and secrete a specific 
antibody in blood to inactivate and destroy the antigenic agent. The memory B-cells 
remain in lymphoid tissues remembering the encounter and they can react more 
quickly and efficiently to produce more plasma cells when exposed to the same 
antigen again. 

0 Primary and secondary immune (antibody) response: 

When an antigen is administered for the first time to a subject, antibody appears 
in blood. This is called primary immune response which takes 3-10 days to occur. 
The antibody does not reach a high level and does not persist in blood for a long 
time. But if the subject is exposed to the same antigen for the second time, the 
antibody production begins quickly (within 1-2 days) and reaches a high level very 
shortly. This is called secondary immune response. The antibodies produced in 
secondary immune response remain in blood for a long time. The scondary immune 
response is due to formation of memory B-cell during the primary immune response. 
The secondary immune response is much more rapid and intense than the primary 
immune response because the memory B-cells are much greater in number than the 
original B-cells.This is why a person generally becomes immune to diseases like 
small pox etc., after the first attack. This phenomenon is also the basis of vaccination 
in which a person is immunized by injecting the antigen in multiple doses at interval 
of several weeks or months. 

In primary immune response, only IgM is produced whereas in secondary immune 
response, large amount of IgG is produced in addition to IgM. 
© Types of humoral immunity: 

The humoral immunity (or AMI) may be of two types—active and passive, each 
of which is further divisible into natural and artificial sub-types. 

[1] Active humoral immunity : This type of immunity is developed by production 
of antibodies in the body after invasion by specific antigens. This is long-lasting. It 
may of two types—natural and artificial. 

[A] Natural active humoral immunity : It includes production of antibodies in 
the natural course by attack of various diseases like small pox, measles, mumps etc. 

[B] Artificial active humoral immunity: This occurs due to production of 
antibody in an individual in response to intentional administration of a toxoid or 
pathogenic micro-organism (i. e., antigen) as in vaccination or inoculation. 

[2] Passive humoral immunity It results from entry of a preformed or ready- 
made antibody into the body of an individual. This is short-lasting. It may again be 
of natural and artificial types. 

[A] Natural passive humoral immunity : It occurs due to the antibodies received 
by an individual during the natural course of life. It includes the entry of antibodies 
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from mother’s blood to fetus through placenta, and after birth, through mother's milk 
to the baby, 

[B] Artificial passive humoral immunity ; It occurs due to intentional injection 
of an antiserum (serum of an animal containing an antibody produced by introduction 
of an antigen in the animal). Here, the recipient does not produce the antibody but 
receives the antibody formed in another animal's body. Such preformed antibodies 
(or antisera) are injected to a person when there is an acute invasion by an antigen, 
Examples of such immunity include injection of antitetanus serum (ATS), antivenom 
serum (AVS) etc, 


Chart showing classification of immunity 
Immunity 


Innate immunity A Acquired immunity 
or or 
Non-specific immunity Specific immunity 


Anatomical barriers 
(Skin, Mucous membrane) 

Physiological barriers 

(Fever, Gastric HCI, Lysozyme, Interferon) 
Phagocytic barriers 

(Macrophages, Neutrophils) 

Inflammatory barrier 


Cellular immunity Humoral immunity 
or or 
Cell mediated immunity, Antibody mediated immunity, 
[Mediated by T-lymphocytes ; ¿[Mediated by B-lymphocytes] 
actively induced immunity] | 
Active Passive 
[Produced in the body after [Produced by entry of a ready- 
entry of an antigen] made antibody into the body] 


Natural Artificial Natural Artificial 

[Attack of [Vaccination [Transfer of antibodies [Injection 
diseases like or inoculation from mother to fetus of antisera 
small pox, measles, of a toxoid or a through placenta and €g, ATS, 
mumps etc] pathogen] after birth through AVS etc.] 
mother's milk to baby] 
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42.4. A Few Comparisons 
12.4.1. DIFFERENCE BETWEEN ANTIGEN AND ANTIBODY 


[1] Itisa foriegn (non-self) material (ie, II It is produced in body. 


not produced in body). : 

[2] Chemically it may be a protein or | (2) Chemically itis. a always protein 
other macromolecule like mucopoly- (y-globulin) in nature. 
saccharide ete. 144 3 

{3} Tt is usually found on the surface of | (3) It is found in body fluids mainly in 
cells (microbes) or within the cells. blood plasma, 


[4] It induces antibody production. 


12.4.2. DIFFERENCE BETWEEN INNATE (INHERITED) IMMUNITY AND 
ACQUIRED IMMUNITY 


[4] It destroys antigen, 


[1] It is present from birth (ve, inborn). [1] It develops after birth. 

[2] It does not require antigenic stimulus, | [2] It is induced by antigenic stimulus. 

[3) It is non-specific in nature. [3] Itis specific in nature. 

[4] It does not have memory. [4] it has memory so that a second attack 
by the same antigen is easily 
prevented: 


[1] It undergoes maturation in the [1] It undergoes maturation in the bone 
thymus. marrow. 
[2] It produces cytotoxic cells 


destroying the antigen infected cells. 
[3] It is responsible for cell mediated 
immunity. 


12.4.4. DIFFERENCE BETWEEN ACTIVE IMMUNITY AND PASSIVE 
IMMUNITY 


[1] In this, antibody (Ab) is produced in | [1] In this, antibody (Ab) is not produced 
the body in response to an antigenic in the body ; the individual receives 
stimulus (Ag). preformed (readymade) antibody 

either naturally (from mother’s blood 
or milk to the fetus or baby) or 


artificially by injection of antiserum. 
[2]. For this, entry of Ag into the body is [2] For this, entry of Ag into the body is 
essential; the Ag enters naturally by not essential. 
attack of disease or artificially by 
vaccination. 
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Active immunit: Passive immunit 


[3] It takes more time to develop but itis | [3] Itdevelops quickly butitis very short 
long lasting. lasting. 

[4] It is useful in mass control of diseases | [4] It is not useful in mass control of 

(e.g., control of epidemics) and diseases. 

eradication of diseases. 


12.4.5. DIFFERENCE BETWEEN CELLULAR IMMUNITY AND HUMORAL 
IMMUNITY 


Cellular immuni Humoral immunity 


[1] Itis mediated by T-lymphocytes. [1] Itis mediated by B-lymphocytes. 

[2] In response to antigenic stimulus, the | [2] In response to antigenic stimulus, the 
T-lymphocytes form cytotoxic cells B-lymphocytes form plasma cells 

that kill the antigen infected cells. which produce antibodies to destroy 
the antigen. 

[3] Humoral immunity is not active 

against cancer cells and cells of 

transplanted organs. 


[3] Cellular immunity is also active 
against cancer cells and cells of 
transplanted organs. 


12.4.6. DIFFERENCE BETWEEN PRIMARY IMMUNE RESPONSE AND 
SECONDARY IMMUNE RESPONSE 


Secondary immune response 


[1] It appears slowly (takes 3-10 days to | [1] It appears quickly (takes 1-2 days to 
appear). appear). 

[2] It is a weak response; only small] [2] It is many times more intense; 

quantity of antibody is produced in it. antibody production is much higher. 

[3] It is short-lasting ; the antibody | [3] It is long-lasting ; the antibody 

remains in blood for only a few days. remains in blood for long periods 
(years). 

[4] In this, usually only Ig M is produced. | [4] In this, large amount of IgG is 


12.4.7, DIFFERENCE BETWEEN VACCINE AND ANTISERUM 


[1] It contains antigen. [1] It contains antibody. 

[2] It is used to develop artificial active |[2] It is used to develop artificial 
immunity, passive immunity. 

[3] It provides immunity later but for | [3] It provides immunity immediately 
prolonged period. but for short duration. 

[4] It is used as a preventive measure | [4] It is used as a curative measure for 

against attack of a disease. treatment of a disease.. 
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7.14, Matters To Recollect 


Immunity means body's ability to resist infections. 

Antigens are antibody generators. 

Antibodies are antigen destroyers. 

Inherited or innate immunity is inbom and non-specific. 
Acquired immunity is induced by antigen and is specific. 
T-lymphocytes are responsible for cellular immunity, 
B-lymphocytes are responsible for humoral immunity. 

Cellular immunity is mediated by cytotoxic T-cells. 

Humoral immunity is mediated by antibodies secreted by plasma cells. 
Active immunity develops due to entry of an antigen in the body. 
Passive immunity develops due to entry of an antibody in the body. 
Immunoglobulins are y-globulins acting as antibodies. 
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12.6. Summary 

Our body has mechanisms for protection from infective agents like viruses, 
bacteria ete. This is called immunity. The infective agents contain antigens. Antigens 
are foreign (non-self) substances which on entering our body evoke immune 
response, An antigen induces production of specific antibody which can react with 
the same antigen to destroy it. Antibodies are proteins known as immunoglobulins 
(Ig) which may be of five types—IgA, IgD, IgE, IgG and IgM: Immunity may be 
innate (inherited) or acquired. Innate immunity is inborn and non-specific involving 
different barriers preventing invasion of infective agents. Acquired immunity is 
developed by entry of antigenic material (infective agent) or antibody. It is specific 
to antigens and it retains a memory. Acquired immunity is of two major types 
cellular and humoral that are mediated by two types of lymphocytes known as 
T-lymphocyte and B-lymphocyte respectively, When an antigenic material enters 
into the body, The T-lymphocytes proliferate to form cytotoxic cells, while the 
B-lymphocytes produce plasma cells which secrete antibody in blood plasma. The 
cytotoxic cells and the antibody help in inactivation and removal of the antigenic 
material. Humoral immunity may be active (e., induced by entry of antigen) or 
passive (due to entry of a readymade antibody). Active humoral immunity may 
again be natural (due to attack of a disease) or artificial (due to vaccination). 
Passive humoral immunity may also be natural (due to entry of antibodies from 
mother to baby through placenta or breast milk) or artificial (due to injection of 
antisera). 


12.7. Answer To Special Questions 
[i] Explain the meaning of immunity which is—(a) natural (b) artificial. 


(e) active and (d) passive. J. E. E. 1987 
or 

What is meant by immunity ? Give examples of natural immunity and 

artificial immunity. IJ. E. E. 1993] 


Ans. Immunity means ability of the human body to resist almost all types of pathogenic 
micro-organism, toxins and other antigens. 


2253—87 
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[2] 
Ans. 


[3 


Ans. 


[4 


Ans, 


[5] 
Ans. 
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Natural immunity is a kind of immunity which is acquired in natural course 

without intentional administration of antigen or antibody into the body. 

Artificial immunity means the immune power acquired in the body when antigen 

or antibody is intentionally introduced into the body. 

Active immunity means the immunity developed in the body due to production 

of antibody in response to antigenic stimulation. 

Passive immunity means the immunity acquired by entry of readymade 

antibodies into the body without any antigenic stimulation. 

Each of the natural and artificial immunity may again be of passive or active 

types. 

Examples: Natural immunity: (a) Passive—Entry of antibodies from mother 

to fetus through placenta and to newborn baby through breast milk. 

(b) Active—Production of antibody due to natural infection (attack of disease). 

Artificial immunity: (a) Passive Administration of antisera (e.g. ATS). 

(b) Active—Production of antibody by vaccination or inoculation. 

What is a vaccine ? IJ. E. E. 1997,99] 

A vaccine is a suspension of antigenic material used for prevention of an 

infectious disease. It contains live but attenuated (weakened) micro-organisms 

(viruses, bacteria etc.) or killed (inactivated) micro-organisms or a toxoid. When 

the vaccine is administered into the body, it does not produce the disease but 

acts asan antigenic stimulus for production of a specific antibody in the recipients’ 

body to protect the recipient from attack of the disease in future. Thus, a vaccine 

is used for producing active immuinity artificially. 

Give two examples of vaccines containing—(a) live organisms, (b) killed 

organisms and (c) toxoid. 

(a) BCG vaccine (for tuberculosis), Oral polio yaccine, Measles vaccine, (any 

two). 

(b) Vaccines for Cholera, Rabies, Hepatitis-B, Japanese encephalitis. (any two). 

(c) Vaccines for Diphtheria and Tetanus. 

(a) Name three vaccine preventable diseases. (b) What kind of immunity is 

achieved by vaccination ? (c) What is booster dose of vaccination ? 
[J.E.E. 1999] 

(a) Tuberculosis, Tetanus, Small pox, Diphtheria, Poliomyelitis, Typhoid etc. 

(any three). 

(b) Artificial active immunity. 

(c) A booster dose of vaccination is a subsequent dose of vaccine given after the 

primary dose(s) to develop the effective and high level of antibody in blood for 

long lasting immunity. A booster dose is usually required in case of vaccines 

containing killed micro-organisms. 

What is antiserum ? Give two examples. 

Antiserum means a serum containing antibody against a particular kind of antigen 

(or disease). It is obtained by collecting serum from the blood of an animal 

(usually horse) in which the antibody has been developed by injecting small 

doses of the antigen at intervals. An antiserum may be injected intravenously to 

provide passive immunity against a disease. Antisera (plural of antiserum) are 

generally used as curative measures in cases of emergency when there is no 

sufficient time to develop active immunity by vaccination. 

Examples—Anti tetanus serum, Anti snake venom serum. 


Ans. 


[8] 
Ans. 


[9] 
Ans. 
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What is allergy ? 

Allergy means hypersensitivity to a physical or chemical agent. Hypersensitivity 
refers to a condition in which immune response causes excessive or exaggerated 
reactions leading to feeling of discomfort, tissue damage, some disease and 
even death. 

(a) What do you mean by inflammation ? (b) What is its significance ? 

(a) Inflammation is a protective tissue response to injury of any kind including 
bacterial infection and is characterized by redness, swelling, pain and rise of 
temperature and loss of function of the affected part. It is due to vasodilatation 
in the affected area. 

(b) It prevents the bacteria from spreading and restricts them in the affected area 
so that they can be phagocytosed by neutrophils and macrophages. 

What are pus cells and pus ? 

In the inflammatory response, there occurs an encounter between the leucocytes 
and the invading agent (bacteria etc.). In this process, the invading bacteria as 
well as some host tissue cells and leucocytes are killed. The dead leucocytes are 
called pus cells. 

Pus is the thick, whitish fluid composed of viable and dead leucocytes with 
necrotic tissue debris partially liquefied by enzymes liberated from the dead 
leucocytes, characteristically produced in infections due to certain bacteria. 
What is interferon ? J. E. E. 1995,99] 
Interferon is a small protein produced by vertebrate cells either naturally or in 
response to viral infection, which is capable of inhibiting viral multiplication. 
An interferon may act against different viruses. Thus, it forms a mechanism of 
innate immunity in the body. Interferon is now being used in treatment of 
hepatitis B and C and certain cancers. 


ee ee EXERCISE See eee 
@ A. Essay type / Long answer type: 


11 
[2] 


13] 
[4] 
151 
161 


71 
[8] 


Write briefly what you know about antigen and antibody. (Ans. 12.2) 
What are immunoglobulins ? Write briefly the basic chemical structure of an immunoglobulin 
molecule and the different types of immunoglobulins. (Ans. 12.2) 


What is immunity ? Describe the different types of immunity with examples. 
(Ans. 12.1, 12.3) 
What do you mean by inherited immunity ? Write its different mechanisms in human body. 
(Ans. 12.3.1) 


What is acquired immunity ? Describe briefly its different types. (Ans. 12.3.2) 
Discuss the mechanisms of cellular immunity. (Ans. 12.3.2) 
Write what you know about humoral immunity. (Ans. 12.3.2.) 


Explain the meaning of immunity which is (a) natural, (b) artificial, (c) active and (d) passive. 
IJ. E. E. 1987] (Ans. 12.7. Q-1) 


© B. Short answer type: 


11 
[2] 
[3] 
[4] 
[5] 
16] 


What is immunity ? (Ans. 12.1) 
What do you mean by immune system? (Ans. 12,1) 
What do you mean by immune response. (Ans. 12.2) 
What are antigen and antibody ? (Ans. 12.2) 
What are primary and secondary lymphoid organs ? (Ans. 12.1) 


What are cytolysins and opsonins ? (Ans. 12.2) 


1380 
(7 


18) 

19) 
{10} 
111 
12) 
143 
(14) 
115 


1161 
1171 
1180 
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What is meant by immunity ? Give example of natural immunity and artificial immunity. 
IJ. E. E. 1993] (Ans. 7.12. Q-1) 


What is interferon ? J. E. E. 1995799] (Ans. 7.12. Q-9) 
Explain the role of physiological barriers in innate immunity of our body. (Ans. 12.3.1) 
Explain why inflammation is considered as an immune response. (Ans. 12.3.1") 
What are T-Lymphocytes and B-lymphocytes ? Mention their role in immunity.(Ans, 12.3.2) 
Mention the functions of helper T-cells, killer T-cells and suppressor T-cells. (Ans. 12.3.2) 
What do you mean by primary and secondary immune response ? (Ans. 12.3.2) 
What is a vaccine ? IJ. E. E. 1997, 99 (Ans. 7.12. Q-2) 
(a) Name three vaccine preventable diseases. (b) What kind of immunity is achieved by 
vaccination ? (c) What is booster dose of vaccination ? IJ. E. E. 1999] (Ans. 7.12. Q. 4) 
What is the importance of the ‘variable part’ of immunoglobulin molecules? (Ans 12.2) 
What are the special features of acquired immunity ? (Ans. 12.3.2) 
Why more antibody is produced in secondary immune response than in primary immune 
response ? (Ans. 12.3.2) 


© C. Distinguish between: 


110 
[2] 
[3] 
{4 
151 
l6) 
171 


Antigen and Antibody. H. S. 2001, 04] (Ans. 12.4.1) 
Innate immunity and Acquired immunity. (Ans. 12.4.2) 
Active immunity and Passive immunity. J. E. E. 1998] (Ans. 12.4.4) 
T- lymphocyte and B-lymphocyte. (Ans. 12.4.3) 
Cellular immunity and Humoral immunity. (Ans. 12.4.5) 
Primary immune response and Secondary immune response. (Ans. 12.4.6) 
Vaccine and Antiserum. (Ans, 12.4.7) 


@ D, Write short notes on : 


[1] Antigen (Ans. 12,2). [2] Antibody (Ans. 12.2). [3] Innate immunity (Ans. 12.3.1). 
[4] Acquired immunity (Ans. 12.3.2). (5) Cell mediated immunity (Ans. 12.3.2). [6] Humoral 
immunity (Ans. 12.3.2). 


© E. Fill in the blanks : 


111 
121 
BI 
[4 
[5] 
[6] 
17) 
[8] 
19] 
[10] 


An antigen induces production. 
Antibodies are also called 
Antibodies are chemically 
Haptens are antigens. 
immunity is inborn, 
T-lymphocytes are responsible for immunity. 
In man, B-lymphocytes mature in 
Co-ordination between cellular and humoral i immùnity is maintained by T-cells. 
immunity is also called antibody mediated immunity. 
Plasma cells are formed from 


in nature. 


@ F. Choose the correct answers from those given in parentheses to complete the following 


111 
121 
BI 
l4] 
15) 


l6] 
7 
[8] 


19] 


statements : 

Antibodies are produced by . (T-lymphocytes/B-lymphocytes/plasma-cells) 
A vaccine contains . (antigen / antibody / antiserum) 

Bone marrow and thymus are lymphoid organs. (Primary / secondary / accessory) 


Vaccination develops immunity. (natural/active / passive / innate) 

Antibodies causing clumping of antigenic cells are called - (opsonins / 
agglutinins / precipitins) 

Acquired immunity is . (non-specific / specific / inborn) 


The protein perforin is released by T-cells. (helper / killer / suppressor) 

The secondary immune response is intense than the primary immune response. 
(more / less) 

Snake venom contains . (antigen / antibody / antiserum) 
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101 The two long polypeptide chains of an immunoglobulin molecule are called (L- 
chains / I- chains / S- chains) -= —— 
© G. Multiple choice type : 

[1] In an Ig molecule, the antigen binding site is present in 
(a) Constant part. (b) Variable part. (c) Both of these. (d) None of these. 

[2] Which Ig can pass from mother’s blood to fetus through placenta ? 
(a) IgA. (b) IgD. (c) IgG. (d) IgM. 

[3] Which Ig is produced in primary immune response ? 
(a) IgA. (b) IgE. (c) IgG. (d) IgM. 

[4] Which Ig mediates allergic reactions ? 
(a) IgA. (b) IgG. (c) IgM. (d) IgE. 

[5] Interferon inhibits multiplication of: 
(a) Viruses. (b) Bacteria, (e) Both of these. (d) None of these. 

[6] Which type of immunity is developed by intravenous injection of an antiserum ? 
(a) Innate. (b) Passive. (c) Active. (d) Natural. 

[7] Which of the following is a primary lymphoid organ ? 
(a) Lymph node. (b) Thymus. (c) Spleen. (d) None of these. 

[8] A baby gets antibodies through mother’s milk—this is an example of: 
(a) Natural passive immunity. (b) Artificial passive immunity. (c) Natural active immunity. 
(d) Innate immunity. 

[9] Humoral immunity involves 
(a) B-lymphocytes. (b) Plasma cells. (c) Both of these. (d) None of these. 

{10} Which of the following stimulates both cellular and humoral immunity ? 

(a) B-lymphocytes. (b) Cytotoxic T-cells. (c) Helper T-cells. (d) None of these. 


@ H. State whether the following statements are true or false : 
[1] Lymphocytes are responsible for acquired immunity, 
[2] Peyer's patehes of G-I tract take part in immunity. 
[3] Antibodies are antigen producers. 
[4] The primary immune response produces much more antibodies than the secondary immune 
response. 
[5] Inflammation and allergy are immune responses. 
{6] Antibodies react with specific antigens. 
17] The T-lymphocytes produce plasma cells. 
[8] Humoral immunity is responsible for rejection of transplanted tissues. 
[9] IgG is the major immunoglobulin present in serum. 
{10] Lysozyme present in tear and saliva provide non-specific immunity. 


Answers to Q No. E, F, G, and H 


E. III Antibody. [2] Immunoglobulins. [3] y-globulin or Protein. [4] Incomplete. [5] Innate or 
Inherited. [6] Cellular. [7] Bone marrow. [8] Helper. [9] Humoral [10] B-lymphocytes. 

F. [1] Plasma cells. [2] Antigen. [3] Primary. [4] Active. [5] Agglutinins. [6] Specific, [7] Killer. 

[8] More. [9] Antigen. [10] H-Chains. 

[1] (b). [2] (c). 131 (d). [41 (d). 15] (@). 16] (b). [7] (b). 181 (a). 19} (©). 110) (c). 

[1] True, [2] True. [3] False. [4] False. [5] True. [6] True. [7] False. [8] False. [9] True. 

[10] True. 
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The term photosynthesis was first comed by Barges (189%) to denote the carbon 


assimilation process of green plants (photo « 


light, synthesis = to produce). Every 


organism requires ready supply of energy and nutrients for their growth and 


7533 


ii 
Hi 


ef different organs poban a Potens ys iaa 
carbohydrates liberste energy by respiration on one 
also the only process by which the solar energy is trapped by green plants and that 


energy is made available to other organisms About 10% of the world’s photosynthesis 
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is carried out by algae which also ine lude the phytoplanktons. Hence it can be safely 
concluded that photosynthesis is responsible for the maintenance of life in the earth. 


1.2. Historical events 
The major events in the discovery of various aspects of photosynthesis are shown 


below in their chronological order : . È 
(1) Aristotle and Theophrastus (384-332 B.C.) first proclaimed that green plants 


obtain the food in pure form from the soil. 


(2) J.B. Van Helmont (1648) showed 
that a willow plant of 5 Ibs weight when 
grown on a soiled pot of 200 Ibs weight 
registered an increase of 164 Ibs. But on 
the other hand, the pot only was reduced by 
2 Ibs. Hence he concluded that the increase 
in weight of the ‘willow plant was due to 
absorption of water. This was only partially 
200 POUND correct because he ignored the utilisation 
of gases from the atmosphere. 

5 YEARS AFTER (3) M.Malpighi (1971) indicated that 
green leaves of plants are the organs 
involved in the preparation of food. 

(4) S. Hales (1751) was the first to prove 
that the gaseous components of air and 
sunlight are the active ingredients in 
building up of the plant body. 

(5) J. Priestly (1772) proved that plants 

ACES are responsible for the purification of air, 
169 POUNDS 198 POUNDS but unfortunately; he could not recognise 
the nature of the gases. 

Fig. 1.2 Van Helmonts’ experiment (6) J. Ingen-Housz (1779) showed that 

pay plant green plants in presence of sunlight, give 

out dephlogisticated air (air rich in oxygen), while in absence of sunlight, it gives 
phlogisticated air (air rich in CO,) which makes the air impure. 

(7) J. Senebier (1782) discovered that in illuminated condition, green plants have 
the capability to utilise CO,. 

(8) N. Theodore de Saussure (1804) showed that green plants could utilise water 
during photosynthesis. Moreover, he also showed that the volume of CO, consumed is 
equal to the volume of O, liberated. He first formulated the equation: 

light 
green plants 

(9) Pelletiet and Caventon (1818) named the green colouring substances of leaves 
as chlorophyll and showed that they can be removed by boiling in alcohol. 

(10) Dutrochet (1837) showed the involvement of chloprophyll in photosynthesis. 

(11) J.R. Mayer (1845) pointed out photosynthesis as a process by which solar 
energy is converted to useful forms of chemical energy. 


CO, + water carbohydrates + oxygen 
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(12) Liebig (1845) opined that CO, and water react together to form an organic 
substance during photosynthesis. 

(13) J.V. Sachs (1862) gave the modern view of photosynthesis and indicated starch 
as the end product of photosynthesis. Moreover in 1864, he showed that the chlorophyll 
containing cells are the site of photosynthesis. 


UNKNOWN 
GAS (Collected 
by the displacement 
of water) 


COMBUSTION RESPIRATION 
OF MERCURY 


+ 
HEAT 


Fig. 1.3 : Experiment of Priestly : 


(14) Von Baeyer (1870) suggested that formaldehyde (CH,O) is an intermediate 
product of photosynthesis, which were converted to proteins. 

(15) Barnes (1898) coined the term photosynthesis and considered water, CO, 
light and green plants as the four major components of photosynthesis: 

(16) F. F. Blackman (1905) first observed the two steps of photosynthesis, the 
photochemical reaction occurring in presence of light and the dark reaction, for which 
light is not necessary. This reaction was useful for synthesis of glucose and is also 
called Blackman’s reaction. Moreover, he also denoted the Law of Limiting Factors“ 
while explaining the various factors determining the rate of photosynthesis. 

(17) Warburg (1920) did commendable work on Chlorella photosynthesis. 

(18) Van Neil (1931) showed in green sulphur bacteria, that CO, is assimilated 
with the help of H, in presence of radiant energy, but no water is required. These 
organisms produce elemental sulphur instead of O, gas. The equation goes like this : 


Radiant energy 
Green Sulphur Bacteria 


(19) Emerson and Arnold (1932) proyed that the light reaction of photosynthesis 
is divided into two distinct phases, that is the Photosystem Land Photosystem II. 


CO, + 2H,S (CH,O) + H,O + 28) 
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(20) Robin Hill (1937) demonstrated that in presence of sunlight and suitable 
hydrogen acceptor (ferrocyanide), water is broken down by isolated chloroplast. Thus 
Hill's experiment proved that water is the sources of phtosynthetic O, The Hill reaction 
goes like this : 


2H,0 + NADP ee ay? UNADPH +H) + off 


(21) Ruben, Hassid e OH and reconfirmed 
that water is the source of O, during photosynthesis, 

(22) Arbor, Allen and Whatley (1954) used CO, in order to show fixation of 
CO, by isolated chloroplast. 

(23) M. Calvin, Bassham, Benson (1956) showed by using C™ technique, that 
carbon fixation takes place by Rubisco enzyme (RuBP carboxylase) to form the first 
stable product of phosphoglyceric acid (PGA), which partially forms glucose and the 
rest resynthesises ribulose diphosphate, This cycle as called Calvin cycle and he was 
awarded Nobel prize for this discovery in 1961. 

(24) Arnon (1959) indicated that the quantum action of solar energy is responsible 
for the phosphorylation of ADP to ATP and also showed in 1967, the two photosystem 
units operate simultaneously during light reaction. 

(25) M.D. Hatch & C. Slack (1967) discovered a new type of carbon assimilation 
in tropical plants where the first formed product is a C, compound (Oxalo Acetic acid) 
and the process was called C, pathway. 

(26) Huber, Michel, Dissenhofer (1985) studied the photosynthetic reaction centre 
of the bacteria Rhodobacter using X-ray crystallography technique and was awarded 
Nobel prize for this work in 1988. 


1.3. Definition 

Photosynthesis is a biochemical process in which green plants synthesise their 
carbohydrate food in the chlorophyllous tissue by utilising water and carbon di-oxide 
from nature in presence of solar energy and oxygen along with water are formed as by 
products, 
1.4. Photosynthetic organ 

Any plant organ bearing chlorophyllous tissue behave as photosynthetic organ. The 
green leaves are the major organs in higher plants, the green stem of herbaceous 
plants, calyx and epicalyx, foliacious stipules, young fruit coat can also carry out 
photosynthesis effectively. The members of blue green algae, green algae, brown algae, 
red algae, and chlorophyll containing bacteria can also carry out photosynthesis. In 
animals like Euglena and Chrysamoeba also photosynthesis occurs. 

1.4.1 INTERNAL STRUCTURE OF THE LEAF 

‘The internal structure of the leaf is well adapted for carrying out photosynthesis. 
This tissue is termed as mesophyll tissue. It is covered by the upper and lower epidermis 
with stomatal openings. The mesophyll tissue proper is differentiated in dicot leaves 
into an upper vertical layer of cells without intercellular space called palisade 
parenchyma and the lower zone of round chlorenchymatous cells with intercellular 
space called spongy parenchyma. The density of chloroplastids is more in the palisade 
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zone in comparison to the spongy zone, 80 the palisade zone has u greater share of 
photosynthesis in dorsiventral dictyledonouns leaves. In the isobilateral leaves of 
monocotyledons, the mesophyll is undifferentiated and it consists of thin walled round 
or oval chlorenchymatous cells with equal density of chloroplastids, This is because 
they get equal density of sunlight on both the surfaces, Moreover in certain monocot 
leaves, the Kranz anatomy is noted, where the vascular bundles are covered by bundle 
sheath and they also contain chloroplastid in addition to the mesophyll tissue. These 
plants exhibit the C, pathway of carbon assimilation. 


She ae) i: Will 
6% % 
PA nA 

E 


Fig. 1.4 : Internal structure of Dicotyledonous leaf (Three dimensional) 


1.4.2 ADAPTATIONS OF LEAVES FOR SHOWING PHOTOSYNTHESIS 

The major adaptive features of leaf helping in photosynthesis are as follows : 

(1) The leaves are provided with larger surface area for trapping greater amount of 
incident sunlight. 

(2) Presence of adequate intercellular space provides casy participation of gases 
like CO, and O, 

(3) The intercellular space are connected to the stomata and there by helping in 
easy entry and exit of gases. 

(4) Greater frequency of stomata increases the frequency of gaseous exchange. 

(5) The compact arrangement of the elongated palisade cells provide greater 


efficiency in trapping solar energy. 
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1.5. Photosynthesis-an anabolic process 


A metabolic process by which the dry weight of an organism increase, is known as 
anabolic process. In photosynthesis, the complex organic food of carbohydrate is 
synthesized using simple inorganic raw materials like carbon di-oxide and water. A 
part of this organic food is utilised for energy liberation, while the rest is used to prepare 
other metabolites adding to the dry weight of the 1 5 body. Hence photosynthesis is 
an anabolic process. 


1.6. Photosynthesis-a carbon assimilation process 


The process by which inorganic carbon of the atmosphere is fixed by green plants 
and it becomes an integral part of the cell cytoplasm, is known as carbon assimilation. 
In the dark phase of photosynthesis, the CO, of the atmosphere is utilised by the 
chlorophyllous tissue of green plant and it forms glucose. Hence photosynthesis can 
also be referred to as a carbon assimilation process, 


1.6.1 AMOUNT OF CARBON ASSIMILATED BY GREEN PLANTS 


The terrestrial plants can fix more carbon di-oxide than aquatic plants. The terrestrial 
plants can fix 2.3 Kg of CO, per square metre, while the aquatic plants can fix only 
0.007 kg/sq metre annually. This amounts to 130 x 10° metric tons of carbon annually 
by terrestrial plants, while only 34 x 10° metric tons by aquatic plants as denoted by 
E.P. Odum (1971). Although 70% of the surface of the earth is water, but even the 
primary productivity of aquatic plants are low because light cannot penetrate the deeper 
habitats of aquatic plants and CO, concentration is also low. 


1.7. Photosynthetic apparatus 

The major photosynthetic organelle in higher plant is chlotoplastid, which is rich in 
chlorophyll pigments: The chromoplastids may also contain some amount of chlorophyll 
but because of high amount of carotenoid pigments, it is not important for 
photosynthesis. In prokaryotic organisms like blue green algae, the chloroplast structures 
are not observed, but they are replaced by scattered sac-like bodies called thylakoids 
containing the photosynthetic pigments in layers. In photosynthetic bacteria these 
pigment bearing organelles are called chromatophores, which remain as scattered 
vesicles within the bacterial cell. 


1.7.1. STRUCTURE OF CHLOROPLAST 


The chloroplastid is the most important site for photosynthesis and it shows the 


following structural organisations : 

(J) The chloroplast are discoid or ellipsoidal in shape, 4-6 p in length, 1-2 p in 
thickness. 

(2) Each chloroplast is a double membrane body with each membrane being 50A 
thick enclosing an inter-membranal space of 300A. 

(3) The internal membrane system consists of a column like granum (O. Su) formed 
of 40-60 stacked sac-like bodies called thylakoids or grana lamellae. 

(4) Each thylakoid is enclosed by a lipoprotein membrane with alternating lipid — 
and protein layers and the space enclosed is called loculus. 
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(5) The grana are interconnected by lipoprotein membranous channels called stroma 
lamella or fret membranes exclosing the fret channels. 


Fig. 1.5 : Structure of a Chloroplastid (three dimensional) showing different internal parts 


(6) The inner surface of the thylakoids possess submieroscopie granular particles 
or subunits called quanta- 
some. The quantasomes act as 
photosynthetic units con- 
taining 230-300 chlorophyll 
molecules and other 
accessory pigments, which is 
responsible for the capturing 
of solar energy and 
converting it into chemical 
energy. Recent veiws suggest 
that the chlorophyll molecules 
are arranged in three 
dimensional pattern within 
the thylakoids alternating Fig. 1.6 : Photosynthetic Organelle 
with carotenoid pigments. ann 


1.8. Solar energy in photosynthesis 


The nuclear reaction within the sun’s atmosphere convert huge amount of hydrogen 
atoms into helium atoms and produce an enormous amount of radiant energy. This 
energy in the form of electromagnetic radiation passes through space and the visible 
part of it (380 nm to 760 nm) reaches the earth and initiates the photosynthesis process. 
The corpuscular theory suggests that this electromagnetic radiation is composed of 
small packets of energy called photons or quanta. The energy of photons of shorter 
wavelength is greater than those of longer wavelengths. The blue light with wave- 
length of 400 nm to 510nm and energy of 71.5 K Cal/mole shows active photosynthesis. 
The red light with wavelength of 610-700 nm and an energy of 40.9 K Cal/mole also 
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shows high photosynthetic activity. But the green and yellow light with the wavelength 
range of 510-610 nm shows minimum photosynthesis, since most of these light are 
reflected and the leaves appear green in colour. 

1.8.1. AMOUNT OF SOLAR ENERGY UTILISED IN PHOTOSYNTHESIS 

The green plants in the earth receive only 40% of the total solar energy which 
amounts to 5 x 10” K cal of energy, of which only 1-2% is utilised in the photosynthetic 
process, while the rest is dissipated in various ways. (50% utilised during transpiration, 
30% is transmitted and about 19% is converted to heat energy), 

1.8.2. QUANTUM REQUIREMENT AND QUANTUM YEILD DURING 
PHOTOSYNTHESIS 

The number of photons required to release one molecule of oxygen in photosynthesis 
is called quantum requirement. On the contrary, the number of oxygen molecules 
released per photon of light in photosynthesis is called quantum yield, which is always 
expressed in fraction of one. 

Warburg had shown that the quantum requirement for photosynthesis is 4, since 
reduction of one molecule of CO, (equivalent to one O, molecule released) by two 
molecules of H,O requires the transfer of 4 H atoms. But Emerson indicated that in 
photosynthesis, considerable loss of the absorbed light energy takes place, so the 
minimum quantum requirement during photosynthesis is 8-10. Accordingly, the 
quantum yeild becomes 1/8 or 0.125 to 1/10 or 0.10. Considering the Quantum 
requirement as 10, and each quantum or photon being equivalent to 40 K Cal. of energy, a 
total of 40 x 10 or 400 K Cal. energy is required to form I molecule of CH,O 
(carbohydrate). Again, 1 molecule of glucose (C,H,,0,) during respiration gives 686 
K Cal. of energy, so 1 mol of CH,O will contain 1/6 of 686 ie. 114 K Cal. of energy 
and the rest is lost. 

1,8.3 PHOTOCHEMISTRY 

Photochemistry involves the effect of various wavelengths of light on the chlorophyll 
molecules. The chlorophyll molecule initially remain in ground state. On absorption 


CHANGE IN SPIN QUANTUM 
OF ELECTRON 


TRIPLET STATE ®© HALF LIFE 


NO CHANGE IN SPIN 
QUANTUM OF ELECTRON 


1ST SINGLET HALF LIFE 
STATE 1585 PERIOD 
(10 Sec.) 


;| PHOSPHORESCENCE 
GROUND Chlorophyll Molecule 


STATE - 
Red light f [vee 


Fig. 1.7 : Excitation of Chlorophyll molecule due to absorption of light rays. 
of red light (low energy), it passes on to the excited Singlet level I with a duration or 
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half life period of 1 0” seconds. From this level, it goes back to ground state by liberation 
of excess energy in the form of heat or liberation of light called fluorescence. But the 
fluorescence only continues during the period when the chlorophyll molecule is exposed 
to incident light. 

Similarly on absorption of blue light, (high energy) the chlorophyll molecule passes 
on to the excited Singlet level II or Triplet state with a half life period of 10° seconds. 
This greater duration of this state is because of the fact that the spin quantum of the 
electron changes. From this state, the chlorophyll molecule returns to ground state by 
losing heat energy and light in the form of phosphorescence. The phosphorescence 
can continue even after the incident light is cut off. Sometimes the electrons of the 
outer orbit of chlorophyll molecule may be totally expelled and accepted by specific 
carrier, which initiates the photo-chemical reactions involved during the light phase of 
photosynthesis. 


1.9. Photosynthetic Pigments 


The most important photosynthetic pigment is chlorophyll. It is present in all 
photosynthetic organisms starting from bacteria to green plants. Chlorophyll may exist 
in different forms, chlorophyll a, b, c, d, and e and also bacteriochlorophyll. The 
distribution of various chlorophyll molecules in different organisms along with their 
absorption peaks and formulae are given below. Presence of chlorophyll indicates the 
presence of starch in an organism. 

In addition to chlorophyll, there are other accessory pigments helping in 
photosynthesis. These pigments include the orange coloured cartenoids and yellow 
xanthophyll present in higher plants. The phycocyanin and red phycoerythrin. The c- 
phycocyanin and c-phycoerythrin are present in blue green algae, while r-phycocyanin 
and r-phycoerythrin are present in red algae. The absorption spectra of these pigments 
along with their formulae are given in the table below : 

Photosynthetic Pigments 


Nature of the Pigment | Formulae | Distribution Absorption peak in m 


1. Chlorophyll a C,,H,,O,N,Mg | All photosynthetic 435 ; 680 
organisms except bacteria. 


All photosynthetic 455 ; 650 
organisms except bacteria 
and blue green algae. 
Brown algae, red 


algae and diatoms. 


2. Chlorophyll b C, Hp ON. Ng 


445 ; 645 


3. Chlorophyll c CH, O, N. Mg 


450 ; 470 


Red algae. 


C, H,O, N. Mg 
Call 56 


4. Chlorophyll d 


Green plants, red 420 ; 470 


algae, few brown algae. 


5. a-Carotene 


All photosynthetic 425 ; 480 
organisms except 


photosynthetic bacteria. 


6. B-Carotene 


Green plants, green 420 ; 470 


7. Xanthophyll 
algae, few brown algae. 
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Nature of the Pigment | Formulae | Distribution | Absorption peak in m; 


CH. O. N 


344684 


8. c/r-phycocyanin 


9. c/r-phycoerythrin CHO, N, 


Blue green algae and 618 
red algae. 


Red algae and blue 4903576 


green algae. 


10. Bacteriochlorophyll a 


11. Bacteriochloro phyll b| C, H,O, N, Vgl Blue and violet bacteria 


12. Chlorobium- 
chlorophyll 


C,,H,,0,N,Mg] Violet and blue bacteria 


770 890 
1017 


C,,H,,0,N,Mg} Green sulphur bacteria 750 


Antenna Pigment: The pigments like œ and B carotene and xanthophyll absorb 


— ~ 154 — 


Fig. 1.8 : The Chlorophyll-a molecule 


various wavelength of light and 
transmit it to the reaction centre of 
the chlorophyll molecule and 


e e er Bh hence they are called antenna 
i p \ pigments. 
\ RAY 7 No. Gaidukov's Phenomenon: 
5 50 \! l 7 1 5 ER \ The Russian scientist Gaidukov 
Sram eX \ . | (1903) showed that the 
\ \~i5A F i 
\ 0 O \ 51 9 nA and 1 cc. 
/ mi l Iv cc pigment of marine blue-green 
\ 8 75 * ex se N v4 Na : \ \ algae has the unique capability of 
\ 65 hy SR \ changing its colour depending 
i H upon its depth in the sea. This is 
* cm,00C C2 \ due to the variation in the 
ee eee wavelength of light they absorb. 
aan oe 1.9.1. STRUCTURE OF 
| 95 CHLOROPHYLL 
ae 2 ' The chlorophyll is the principal 
| nz pigment of photosynthesis. As 
0 | already stated, there are seven 
~ 2k — j major types of chlorophyll 
| , molecules (viz. Chl-a ; Chl-b ; Ch.- 
} HC : o; Chl.-d; Chl.-e ; bacteriochloro- 
ue 1 phyll; chlorobium-chrophyll). 
H YH; : Chlorophyll are magnesium- 
j HC ! porphyrin compounds divided 
t re | into a distinct head and a long tail. 
aur $ The head is magnesium- 
8 Haz porphyrin in nature composed of 


four pyrrol rings (Tetrapyrrol) 
joined by a central magnesium 
atom. Each pyrrol ring is a 
pentagonal hydrocarbon ring with 
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2 double bonds and one basal N, atom, These pyrrol rings are joined by CH bridges, 
The head is hydrophilic in nature. The head has a size of 15A and to the 4" Pyrrol 
ring, there is a long lipophilic phytal tail joined to the head by ester linkage composed 
of multiple hydrogen and carbon atom up to Ci H;, The chlorophyll molecule is formed 
from protochlorophyll molecule in presence of light and 2H. These 2H atoms join to 
the 7" & 8" carbon atoms of the 40 pyrrol ring. The chlorophyll a and chlorophyll b are 
the two common types of chlorophyll, they two differ because in chl- b, there is a - 
CHO group instead of a -CH, group in the 3" carbon atom of 2™! pyrrol ring. 


1.9.2. ARRANGEMENT OF CHLOROPHYLL WITHIN THYLAKOIDS 


The granum within the chloroplasts are formed by stacked thylakoids, upto 40 in 
number. Each thylakoids has 
a ‘PLP’ (Protein-lipid- 


protein) structure. The 3 00, reduction 
chlorophyll molecules are T — 

arranged in three dimensional l — *. ho 

fashion in such a way that A 

their hydrophilic heads are l f 5 ` 90 

embeded within the water igi = 

soluble protein layer, while l HERI Hi A ame =) gD 
their lipophilic phytal tails are z gui d CHLOROPHYLL 
suspended in the lipid layer. k Wa Wa wa HEAD 
Moreover, they remain ow Ww W 
interspersed with the : . 

accessory carotenoid N — 

pigments, which are arranged 

in a simlar fashion to that of Fig. 1.9 : Arrangement of photosynthetic pigments 


chlorophyll molecules: in within thylakoids 


between the chlorohyll molecules. 


1.9.3. ACTION AND ABSORPTION SPECTRA OF PHOTOSYNTHESIS 
(ELECTROMAGNETIC SPECTRUM) 

The white light of sun passing through glass prism is dispersed into its seven 
component colours of red, blue etc. (vibgyor spectrum) each of these lights having a 
specific wavelength. The photochemical effect of these different wavelength of light 
on photosynthesis is called action spectrum (390-760 u). The action spectra of 
photosynthesis indicate that in the blue and red regions of visible spectrum, 
photosynthesis occur most effectively. 

In a biological system, the molecule absorbing radiant energy in the visible range is 
referred to as pigments. The photosynthetic apparatus (chloroplasts) contain several 
coloured pigments like the green chlorophyll, red and orange carotenoids and yellow 
xanthophyll. The part of the visible spectrum absorbed by individual pigments is known 
as absorption spectrum. These spectra represent specific short areas of the visible 
spectrum (Red-760-647 nm; Orange-647—-586 nm; Yellow-586—535 nm; Blue-492- 


2253-88 
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422 nm; Violet- 422-390 nm). The green colour (535-492 nm) is not absorbed by any 


e 
| 
z 
& 
a 


tc Radio waves ed | 


“Woveléngth: nm 


Fig. 1.10 : Electromagnetic Spectrum 


400 450 500 550 600 650 700 750 


Wavelength /nm 


Fig. 1.11 : Absorption Spectra of various 
plant pigments : 


pigment and so it is of minium 
importance for photoynthesis. 
Absorption spectra of all the 
pigments taken together constitute 
the action spectrum of 
photosynthesis. 


1.10. Photosynthetic Com- 
ponents and their Sources 


There are four major 
components of photosynthesis, 
which are sunlight, carbon di- 
oxide, chlorophyll and water. But 
it can be concluded safely that the 
absence of any one of the factor 


would suspend the process of photosynthesis. A brief survey of these components are 
given below : 

(1) Sunlight : Solar energy is the most important factor controlling photosynthesis, 
since it is a light dependent process. Other than the natural source of sunlight, artificial 
source of light like candle, electric bulb can also help in photosynthesis. 

Of the total solar radiation, 83% is absorbed by leaves, of which only 4% is absorbed 
by chlorophyll, 5% is transmitted and 12% is reflected. Light is absorbed by leaves in 
the form of energy rich particulates called photon particles. The most effective 
wavelength of light helping in photosynthesis are red light (650 um) and blue light 
(440 um). 
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Role of Sunlight in Photosynthesis : Van Niel and Robin Hill studied the 
consequences of absorption of solar energy by green leaves, which helps in photolysis 


5% TRANSMITTED 


7 ee 
1 pne 7 
ee oe 
eee a / 


Mills X S 
47 0 fp (F CO, 
WATER VAPOUR... ANS I 
htt 17 
4 Mi ; 
| U 


Fig. 1.12 : Photosynthetic components and their sources 
of water, liberating O,, ATP and NADPH. The energy of photon particles help in the 
synthesis of ATP by the process of photo-phosphorylation. After photolysis, the H* 
ion liberated is reducing NADP, forming NADPH, which acts as a reductant for CO, 
reduction, the O, gas formed is liberated out. The reaction is given below : 

light 
Chlorophyll 

(2) Carbon di-oxide : The CO, content of air is 0.03% by volume, this CO, primarily 
comes from respiration, it also comes from the decomposition of dead plants and animals, 
combustion of coal, oil and wood and volcanic erruption, There is also a constant 
exchange of CO, between the aquatic bodies and the atmosphere. The terrestrial plants 
obtain the CO, from the atmosphere, while the aquatic plants obtain the C O, dissolved 
in water in the form of soluble carbonates and bicarbonates or by diffusion. 

Role of CO, in Photosynthesis : The fixation of CO, during the dark phase was 
first denoted by Blackman, which actually utilise the energy of ATP and NADPH, 
molecule to synthesise glucose. Later, this reaction was denoted by Calvin as the G, 
cycle. 


+ l 
H,O + NADP NADPH, + 50, 
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Compensation Point ; The rate of respiration is more on less uniform during day 
and night, But the rate of photosynthesis is highest during mid-day but very low during 
carly moming or evening Thus the light intensity at which the rate of photosynthesis 
is equal to the rate of respiration is known as compensation point, It occurs either 
during early moming or during evening. 

(3) Chlorophyll : The cholorophyll is the principle pigment involved in 
photosynthesis. It was named by Palletier in 1818. There are five types of chlorophyll, 
viz. a, b, c, d,c, the chlorophyll ‘a’ and b are the 1 ile chlophyll 
c is the rarest found in golden brown algae. The molecule has a tennis 
s a be ron ore nee a ae bearing a tetrapyrrol 
structure and a lipophilic phytal tall attached to the fourth pyrrol ring. 

Role of chlorophyll in photosynthesis : The chlorophyll ule absorbs the 
photon particles of excited by liberating a pair of electrons, which 
actually initiates the te thom! a see Seer apt aa lima 
NADPH, molecules, 

„ LE Nene =: E which helps 
in the reduction of CO, to glucose, The terrestrial plants absorb the soil water with the 
help of their root hairs, while the aquatic absorb water from all along their body 
surface, Though only 1% of the water is utilised during photosynthesis. 

Role of Water in Photosynthesis ; The water undergoes photolysis liberating 2H 
and %4 O, The ‘Ys O,” is liberated out in the form of O, gas, But 2H forms 2H+ and 2 
electrons, the 2H reduce the NADP, while the pair of electrons replenish the electron 
hole in the chlorpphyil: molecule: =+ 


(1) Chlorophylls are the principal photosynthetic pigments existing in five different 
forms in higher organisms, 
(2) In photosynthetic bacteria, mme chlorophyll 


pet include the 


(4) The components of photosynthesis include sunlight, CO, weather, chlorophyll 
pigments. ; 


1.11. Mechanism of photosynthesis 


c i arorik 
process of autotrophic organisms. It is a redox reaction involving three major processes, 
(a) absorption of light energy (b) its conversion into chemical energy (c) storage of 
chemical energy as the final product of photosynthesis. The entire process is divided 
into two phases, the light dependent and light independent phases, which are called the 
light phase and dark phase respectively. During light phase, the chlotophyll absorbs 
photon particles, photolysis of water takes place, O, gas is liberated, formation of ATP 
and NADPH, takes place, But in the dark phase, CO, gas is ſixed and reduced to 
glucose molecule. The fact that photosynthesis is a biphasic process is proved from the 
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Observation that photosynthetic 
————— 
The overall reaction of photosynthesis is as follows : 


0, ue Sait chf. ano on 


_ Presently it is modified as 
+ $60, + 2480 e+ CuO, * 18H,0 + 60,1 


The 24 molecules of O,, because it has been experimentally proved that water is the 
ee ay ces sheen ~ 

— OR THE PHOTOCHEMICAL PHASE 
: This phase occurs in the granum of chloroplast and is essentally a reductive phase 
involving absorption of solar energy, photosynthetic electron transport, photolysis of 
water synthesis of energy rich compounds. Initially it was beleived that a single pigment 
system operates in photosynthetic light phase, but later on R.Emerson denoted in 
Chlorella that there is a sharp decrease in photosynthetic quantum yield when the 
organism was exposed to red or far red light. This is called Red Drop mechanism or 
Emerson's Effect. But if the red light was alternated with blue light of shorter 
wavelength, there was again-an increase in photosyntic efficiency, This definitely 
indicates that there are two groups of pigments referred to as Pigment System 1 (PS1) 
and Pigment System II (PSH). 

(1) Pigment System I: It is weakly fluorescent pigment system consisting of 
cholorophyll:b, chi, a 670, chl. a 680, chl. a 695 and a Very small amount of chi. a 700 
(P,,,), which constitutes the reaction centre of PSI. The carotenoids are also present 
and in blue green algae, chi. b is replaced by phycobilins. 

(2) Pigment System TI + It is a strong fluorescent system consisting of carotenoids, 
chlorophyll b, chl 670 and chi. a 680 which is called P,,,, and constitutes the reaction 
centre of PSI. 

(3) Major events of light phase : 

The major events during light phase are as follows ; 

(i) The chlorophyll pigment systems absorb the quanta of solar energy. 

(ji) This energy is transmitted to the reaction centres of the pigment systems ie. Pru 

for PS I and P,,, for PS ll. 
dun) The chlorophyll molecule gets excited by absorbing the light quanta and passes 
into the metastable triplet state (discussed eatliet under Photochemistry). The electron 
from the outer orbit is lost from the chlorophyll molecule creating an electron hole in 

(iv) The water molecule utilizes the energy of these electrons and undergoes 
photolysis liberating H+ ions and molecular O, This reductive reaction is termed as 
Hill Reaction, since it was denoted by Robin Hill (1937). He showed that even isolated 
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chloroplasts in illuminated condition, in presence of water, hydrogen acceptor (Hill 


oxidant or NADP) and hill reagent, 
The reaction goes like this : 


2H,0 + 2A". 2 +0, 
(NADP) We NADPH, ) 

(A in this reaction is represented 
by the H, acceptor NADP) 

Later Ruben and Kamen 
(1941) utilised H,O" and proved 
the finding of Hill, 

(V) The electron liberated by the 
excited chlorophyll molecule is 
accepted by a specific electron 
carriers, the electrons follow a 
definite pathway before returning 
to the chlorophyll! molecules. This 
process involves a series of redox 
reactions and at certain specific 


PENIS: Photolysis of water points whenever the electron 
traverses through a major difference of redox potential, the excéss energy is dissipated 
and it unites ADP + Pi to form ATP by the process of Photophosphorylation. So the 


process of formation of energy 


rich phosphate compound ATP in presence of sunlight 


is termed as Photosynthetic Phosphorylation or Photophosphorylation. The 
photophosphorylation are of two types (a) Cyclic Photophosphorylation (b) Non- 
Cyclic Photophosphorylation. 

(a) Cyclic Photo-Phosphorylation : It is the cylic transport of electron from the 
pigment system l. back to the same chlorophyll molecule. It is an incomplete process 


the PSI (P. comes to 
Ferredoxin (E = = 
0.432V) via a carrier FRS 
(Ferredoxin Reducing 
Substance), Then it passes 
through Cytochrome b, 
(BO =~ = 0,06V), 
Cytochrome f (E'0 = + 
0.36V) and Plastocyanin 
(EO + 0,39V) and back 
to P (EO + 0.439), 
Difference in energy 


Pre n AN) 


Raae 
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states between Ferredoxin and Cytochrome b, as well as Cytochrome b, and Cytochrome 
EADP and Puno form tole ATP Tow seve tans i 
process, which are: (1) Only one photosystem is activated. (2) Photolysis of water does 
rapas ah PY ede I tear hee he ghi baraan 
take place. (4) The blockage of hon. cycle process reduces the rate of CO, assimilation 
and there by there is a fall in the rate of photosyathesis i 

(b) Non-Cyclic Photophosphorylation : 

The non cyclic photo-phosphorylation involves movement of a pair of electrons 
between the two pigment systems. It is a more accomplished process which explain all 
the events of photosynthetic light phase. It shows that both the pigment systems (PSI 
and PS 11) are excited by the photon particles of sunlight. A pair of electron emitted 
from PS I (P) creating an electron hole which passes onto Ferredoxin via FRS and 
ultimately it is received by NADP via the camer FNR (Ferredoxin-NADP-Reductese). 
Similarly the electron pair emitted from PSII (P,,,) is accepted by an unknown carrier 


n 
ii 


33 ae oe 


Fig. 1.18 1 Nos. cycle Photophosphorylation 


. . undergo photolysis to liberate O, gas and 2H 
duns which ultimately forms 2e” and 2H ions, The pair of electrons fill up to electron 


NADPH, photophosphorylation 
also called the I scheme“ because of the unknown *Z carrier’ and also due to the 
“Z tike configuration’ of the reaction scheme. This process removes all the limitations 
of cyclic photophosphorylation. Thus the end products of light phase are NADPH,, 
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1.11.2. DARK REACTION OR CHEMICAL PHASE 


The Dark reaction prumary evolves lata of CO, from the atmosphere to 
organic carbon of the plast body in the fom of organic compounds like glucose It was 
first denoted by Blackman in 1905 and hence it is also called Blackman's action 
Later in 1949, Calvin, Bassbam and Benson denoted the cyclic nature of the pathway 
and hence it is called Calvan Cycle This process occurs in the stroma of the chloroplast 
when the Ribulose Di Phosphate (Rul) with the help of the enzyme RuDP carborytase 
fixes atmospheric CO, to from the first three-carbon compound of photosynthesis called 
Phospho-giycerxc acid and heme the cycle is also called C, cycle: There are four major 
stops of this cycle. they are (a) Carboryistion of Ru DP to form PGA (b) Reduction of 
PGA to PGAI (c) Synthesis of Glucose (d) Resynthesis of RuDP. 

(A) Mechanivm of C, eyeber 

Jn this cycle, OCO, molecules are feed by 6 molecules of RuDP, making s total of 
36 carbon stomsof which the 6O atoms form the hexose and the rest 30C stoms 
tepencraie the 6 molecules of S-carban compound RuDP. The overall reaction may be 
summarised as follows ( 

OO, + INNADPH + 4) + IRATP 

oe CMO, 1 + IBADP + TEP) + GHO. b 

The major reactions in this cycle are as follows - : 


+ va 


91. 


(b) Reduction of PGA £ (1) The 12 selleculies of POA 3s persanot ef [ZAP nnd 
TTT leit oe ace Ounte * 
(1,3 DIPGA) N Rie = 


21 
e 


(©) Synthesis of mf WAM ot of the 17 motorwies 
synthesized in eee Phevphete (DHAP) Œ 
presence of Those Phosphate Isomersse 

| maae a 

(2) Three molecules of DAP „ With 3 more molecules of PUALM i» 
presence of aldolase to form Of Fructose 16 Di Phorphste, sts d 
lose } phosphate with the help of | 
e molecules retum to the cycle and gor molecule forms 
glucose. — — 10 — 

ner ud. e 1 piro, Segen ne 7 

7 et % 


rr ae e w the 
reaction is also bet Calvin and bis co-workers ee 
the m bbllows 

(1) The two molecules of react with eo more molecules of POAM in 
presence of Tranthetolase enzyme Ww arra 

ron and : 


= e AEEA 1.7 diphosphate (Se-7- 


me is Si rary 
star orp Sonera amber 


(3) The OL FOAM cümbinm with 2Se-7-FO, in presence of 
hen em en 0, wr 


cach of Ribose-3-FO, (R-&-PO, „reh which finally forms 
4 — — 2 mort molecules of Xy-5-PO, 
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synthesized two more molecules of Ru-5-PO,. Thus forming six molecules of Ru-5- 


2Se-7-PO, + 2PGAld —Na"sketolase_, 2R-5-PO, + 2Xy-5-PO, + 2Xy-5-PO, 
+ TPP. From Step 1) 
4Ru-5-PO, + 2Ru-5- PO, 
(4) The six molecules of Ru-5-PO, get phosphorylated by 6 ATP molecules in 
presence of the enzyme phosphokinase to regenerate 6 molecules of RuDP and thus 
the cycle is completed. 


6Ru-5-PO, + 6ATP eee 6Ru-1,5 Di-PO, + 6ADP 
In this way for fixation of 6CO, molecules, 18ATP and 12NADPH, molecules are 
required. So for 1 CO, molecule fixation, 3ATP and 2NADPH, molecules are required. 


12NADPH, 12 NADP 


2 molecules (5C) 
+2 molecules 


Fig. 1.17 : Detailed Reactions of Calvin cycle 
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1.12. Blackman’s law of limiting factors 


There are several factors controlling the process of photosynthesis, but of which, 
the smallest factor mostly affect the process and this is denoted as Blaekman's law 
of limiting factors“. F.F. Blackman (1905) had stated en a process is conditioned 
as to its rapidity by a number of separated factors, the rate of the process is limited by 
the rate of the slowest factor’’. Hence this law is only applicable for those cases where 
multiple factors are involved. The limiting factor is best explained in the following 
illustration : 

Normally the light intensity receives by a leaf is just sufficient enough to utilise 5 
mg of CO, In figure 1.18, ‘AB’ denotes the rate of photosynthesis in absence of CO, 
and if CO, is added in the 
medium, the rate of Light 
photosynthesis cannot be Intensity 
achieved by increasing CO,. 
The rate of photosynthesis 
now increases to ‘EF’ and 
‘GH’ by increasing the light 
intensity, which then becomes 
the limiting factor. 

It should be borne in mind 
that the relative magnitude of 
the photosynthetic factors is 
more important than their 
absolute magnitude i.e. the 
smallest factor may not be 
always limiting, but it only depends on how much that factor is necessary for 
photosynthesis, James and Harder have criticised the Blackman’s law of limiting 
factors stating the ratio of photosynthesis declines gradually and not abruptly when a 
factor becomes limiting. 


1.12.1 PRINCIPAL FACTORS AFFECTING THE RATE OF 
PHOTOSYNTHESIS 

There are several external and internal factors that control the rate of photosynthesis: 

(A) External or Environmental Factors : 


(1) Light : The light is the most important factor controlling photosynthesis. The 
light intensity affects the photosynthetic rate, at a low intensity, the rate of photosynthesis 
is low. The plants which prefer shady places i.e. grow at low intensity of light are 
called Sciophytes, while plants which require high intensity of light are called 
Heliophytes. The inhibitory effect of high intensity of light on photosynthesis is known 
as solarisation, which is because of the damaging effect of light on chloroplast. Light 
quality also effects the rate of photosynthesis because it becomes maximum at the blue 
and red part of the of the spectrum. The duration of light is equally useful because 
intermittent light is more effective than continuous light, as it promotes the carbon 
assimilation process (The intensity of light at which photosynthesis and respiration 
becomes equal is light compensation point.) 


Relative Rate of 
Photosynthesis 


A CO, Concentration 


Fig. 1.18 : Law of Limiting Factors 
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(2) CO, : The increase in CO, concentration increases photosynthesis but up to a 
certain limit that is 1% and high concentration of CO, is inhibitory for photosynthesis. 
The concentration of CO, at which photosynthesis and respiration becomes equal is 
CO, compensation point. 

(3) Temperature : The optimum temperture suitable for photosynthesis is 20-35°C, 
though photosynthesis can take place at very high temperature as for e.g. in conifers, 
phtosynthesis can occur at 35°C while in cacti,photosynthesis occurs at 55°C. In general 
the photosynthetic rate increases with the increase in temperature from 10-40°C with 
aQ,, (Temperature Coefficient) of 2. (Q = Difference in the rate of photosynthesis for 
every 10°C increase in temperature). 

(4) Water : It is the principle raw material for the process, though it is not the 
limiting factor but photosynthetic rate goes down in absence of water because the 
enzymes need water for their activation. 

(5) O, : The increase in O, concentration is inhibitory for the rate of photosynthesis 
and this is as per Warburg’s effect. The major reason being the enzyme RuDP 
carloxylase behave as oxygenase and helps in photorespiration. 

(6) Minerals : The deficiency of minerals like Mg, Fe reduces photosynthesis. 


(B) Internal Factors : 


(1) Chlorophyll content : There is a direct relationship between chlorophyll content 
and the rate of photosynthesis and it increases with increase in chlorophyll content, 
Etiolated plants and plants with variegated non-green leaves show a reduction in the 
photosynthetic rate. 

(2)Age of the plant : The aging of leaf tissue has an inhibitory effect to 
photosynthesis because with aging the concentration of chlorophyll is reduced. 

(3) Protoplasmic factor : The protoplasm in hydrated condition, stimulates 
photosynthetic rate. 

(4) Leaf anatomy: Photosynthetic rate is directly proportional to the stomatal 
frequency, density and arrangement of chlorophyllpous tissue, broadness of the lamina. 

(5) Accumulation of photosynthetic product : The endproduct of photosynthesis, 
that is carbohydrates in general lower the rate of photosynthesis. But it can be increased 
again when the end products are rapidly translocated from the leaves. 

(6) Nature of chloroplast : The rate of photosynthesis is low in C, plant because of 
only one type of chloroplast or mesophyll chloroplast. It increases in C, plants, with 
two types of chloroplasts viz. mesophyll and bundle sheath chloroplast. 


(1) Photosynthesis is an oxidation-reduction process in which water is oxidised 
and CO, is reduced. 
(2) The light phase is a photochemical process, while dark phase is biochemical 
in nature. 
(3) There are two photosystems, PS I and PS II in photosynthetic light phase: 
(4) The PS T includes chlorophyll a mainly ¶ Pr absorbing far red light, while 
PS IT is rich in chlorophyll h (Pi absorbing red light. . 
(5) The end products of light phase are O; ATP and NADPH, 
(6) Photolysis of water relases O, gas untl. H ions to reduce NADP. 
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3 (7) The non-cyclic photophosphorylation completely explains phtosynthetic light 
Phase. 

(8) The dark phase is also called carbon assimilation process with RuDP acting 
as CO, acceptor. 

(9) There are four major processes of carbon fixation in green plants. vie- C, 
cycle, C, cycle, C, cycle and CAM cycle. 
(10) The formation of glucose in dark phase is also called Blackman’s reaction. 


1.13. Photosynthesis in bacteria 


The bacteria contain the green photosynthetic pigments like bacterio-chlorophyll or 
bacterioviridin and chlorobium chlorophyll. According to Van Niel (1941), they have 
almost similar structure to that of higher plants and green algae,but they have greater 
absorption spectra in the infra-red region (750-800 nm). These bacteria have the 
capability of reducing CO, to organic glucose type food but do not liberate molecular 
O,. Moreover the bacterial photosynthesis is an exothermic process unlike higher plants. 

Frenkel has shown that light energy is absorbed by bacteriochlophyll and the energy 
is utilised in phosphorylation process. It is evident in the sulpher bacterium Chromatium, 
I. S is being utilised of H,O for reducing CO, and so elemental sulphur is released in 
place of oxygen. The over all equation is as follows : 


Sunlight 


6CO, + 12H.S 
3 H, Bacteriochlorophyll 


CH, O, + 6H,O + 12S + Energy. 


6 1296 


1.13.1. CHEMOSYNTHESIS 

There are certain bacteria which are aerobic and non-chlorophyllous in nature, but 
even then, they can manufacture the glucose type of food from CO, and H,O, for this 
they utilise the chemical energy obtained from oxidation of inorganic substances instead 
of solar energy. The energy may vary from 65-290 K Cal. The process of manufacture 
of organic food by bacteria using the chemical energy is termed as chemosynthesis\ It 
was denoted by Wingradsky in 1880. The pattern of this energy derivation may vary 
from one bacteria to the other and they are as follows : 

(1) Nitrifying bacteria : 

Nitrosomonas and Nitrococcus oxidise ammonia to nitrite and release energy. 

2NH, + 30, — > 2HNO, + 2H,O + Chemical Energy (C. E.) 

Nitrobacter oxidises nitrite to nitrate and release chemical energy which is later 
utilised for the synthesis of food. 

2HNO, + O, —> 2HNO, + C.E. 

(2) Sulphur bacteria : 

Beggiatoa and Thiothrix oxidise H,S to elemental sulphur and release chemical 
energy. 

2H,S + O, —> 2H, + 28+ CE. 

(3) Iron bacteria : 

Ferrobacillus, Leptothrix etc. oxidise ferrous carbonate to ferric hydroxide with 
the release of chemical energy. 

4FeCO, + O, + 6H,0 ——> 4Fe (OH), + 4CO, + C.E. 
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(4) Carbon bacteria : 

Bacillus oligocarbophilus converts toxic carbon monoxide to less toxic CO, and 
liberate chemical energy. 

2CO + O, —> 2€0, + C.E. 

(5) Hydrogen bactoria : 

Bacillus pantotrophus oxidises H, to from H,O and liberate energy. 

2H, O,. — 2H,0+CE. 


1.14, Photosynthesis and energy flow in the biosphere 


Every organism living in this Earth requires energy for carrying out its life processes. 
This energy directly or indirectly comes form the sun. This is because, the green plants 
absorb this energy during the photosynthetic light phase and store it in the form of 
glucose type food which is directly obtained by the herbivores and transmitted to the 
carnivores. According to Lindemann (1942), the total energy encountered by a plant 
is 118,872g. cal. m yr, of which it can utilise only 111 g. cal. em. yr with an 
efficiency of only 0.1%. Out of this, 21% (23 g. cal. m. yr") is utilised in the 
metabolism of the plant, 17% (15 g. cal. cm.yr") transferred to herbivores, 3.4% (3 g. 
cal. cm? yr“) to the decomposers and remainder 79.5% or 70 gm cal cm yr“ remain 
unutilised. Thirty percent of 15 g. cal. cm. yr i.e. 4.5 g. cal. em. yr is utilised by 
the herbivores and 28.6% (3g. cal. cm . yr“) goes to the level of carnivores. The 
camovores utilise 60% of it ie. 1.8 g cal. cnr. yr", while the remaining 1.2 g cal. em. yr! 
remain unutilised. This type of transmission of energy along the food chain is energy 
flow and at each level, significant energy is reduced. Thus the green plants are the sole 
source of energy in the ecosystem, they provide food to the other members and also 
purifies the atmosphere with O, in this process. So in absence of green plants, life 
cannot thrive in this earth. 


1.15. Other means of carbon assimilation in green plants 


In addition to the normal C, cycle operating in majority of plants, there are three 
other means of carbon assimilation in green plants which are the C pathway, C, pathway, 
Crassulacean Acid Metabolism. 

(1) C, Pathway : 

The pathway is observed in many plant of family Graminae like maize, sugarcane, 
Panicum commonly called tropical grasses and also in other plants like Atriplex, 
Amaranthus. It was denoted by Hatch, Slack (1970) and Korschalk er a/ using CHO, 
These plants exibit Kranz anatomy i.e. existance of a well developed bundle sheath 
and two types of chloroplasts i.e. the mesophyll and bundle sheath chloroplasts. The 
entire reaction takes place in the mesophyll and bundle sheath and it is initiated by 

Phospho Enol Pyruvic acid (PEPA) and enzyme PEP carboxylase, forming the first 
product of (4C) Oxalo Acetic Acid (O. A. A). Thus it is called C, pathway or H.S.K 
pathway after the name of the three scientists who discovered it. 

(a) Mechanism : The entire process occurs in five major steps. 

(i) The carboxylation of PEPA using PEP carboxylase and forming O. A.A., which 
takes place in the mesophyll cells. 


PEPA + H,O + CO, pr BPa g O. A. A. 


carboxylase 
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(ii) The O. A. A. in the mesophyll may either be converted to aspartic acid with the 
help of transaminase or may be converted to malic acid utilising NADH, with the 
help of NAD linked dehydrogenase. 


l NADH, NAD 
Aspartic acid cn e eid 
Dehydrogenase 


(iii) The malic acid formed in the mesophyll tissue comes to the bundle sheath and 
undergoes decarboxylation to form pyruvic acid (P.A) and CO, with the help of 
decarboxylase enzyme. 

Malic acid e pyruvic acid + C0, 

(iv) The CO, is again absorbed by Ribulose 1,5 Diphosphate (RuDP) and the 
Calvin cycle is initiated, which adds to its photosynthetic productivity. 

(v) The pyruvic acid is transferred back to mesophyll tissue, where it is 
phosphorylated again with ATP and Mg” cofactor to from phospho enol pyruvic 
acid again with the help of enzyme pyruvate phospho kinase (PCK) 


2+ 
Pyruvic acid + ATP + Pi pee P.E.P.A + AMP + PPi 


(Inorganic Phosphate) (Pyrophosphate) 


(Inorganic Phosphate) (Pyrophosphate) 


MESOPHYLL CELLS 


SASSY 


Z 
Z 
h 
f 
f 
f 
f 
f 
f 
f 
7 
f 
Z 


Fig. 1.19 : H.S.K. Pathway of CO, fixation 


(b) Significance of C, Pathway : The process is a modification of the common C, 
cycle and can occur simultaneously with C, pathway. The process can occur at relatively 
low concentration of CO, and regenerate CO, at a later stage to initiate C, process. 
Thus the process is more efficient and C, plants are photosynthetically more productive. 
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(2) C, Pathway : This process can occur in any green plant in presence of sunlight 
and high concentration of O,, It is actually the respiration of photosynthetic tissue in 
presence of light and hence is also called photorespiration, The first formed product is 
a 2C compound or phosphoglycolic acid and so it is also called C, cycle. It was denoted 
by Krotov et al in 1963 using CO, technique. The process occurs in 3 different 
organelles of chlorophast, peroxisome and mitochondria. The major product of C, 
pathway is Glycolic acid along with the two useful amino acids glycine and serine. 

(a) Mechanism : The entire process can be divided into seven major steps: 

(i) At a high concentration of O,, the RuDP carboxylase in the chloroplast behaye 
as RuDP oxygenase and synthesize phospho glycolic acid, which loses the phosphate 
group to form glycolic acid. 


RuDP oxygenase Phosphatase 
— — — 


RuDP + O, Phospho Glycolic acid sae pena Glycolic acid. 

(ii) The Glycolic acid migrates to peroxisome and is oxidised to Glyoxalic acid 
and H,O, in presence of enzyme glycolic acid oxidase. The H,O, is broken down by 
catalase. e 


A. oxid I 
Glycolic acid + O, — Glyoxalic acid + H,O, 


Catalase 1 

oO, Oe 205 

(ii) The glyoxalic acid is converted to amino acid glycine in presence of L-Glutamic 
acid by the process of transamination, liberating a-Ketoglutaric acid as the second 
major product. 

T ; 

Glyoxalic atid + L. Olutamie acid e, Glycine + a-Ketoglutaric acid. 

(iv) The glycine migrates to mitochondria, two molecules of glycine is oxidised 
by the nascent O, from H,O, and forms serine, CO, and NH, in presence of enzyme 
serine hydroxymethyl transferase. 

2 Glycine + 5 O, ia Serine + CO, + NH, 

(v) The serine comes back to peroxisome and indergoes deamination with the help 
of deaminase to from hydroxy pyruvate. 

. deaminase 

Serine ——————> Hydroxy pyruvate + NH, 

(vi) The hydroxypyruvate with the help of NADH, and NAD linked dehydro- 
genase is reduced to glyceric acid. 

Dehydrogenase 5 
Hydroxy pyruvate ———  Glyceric acid. 
NADH,NAD 

(vii) The glyceric acid is transferred back to chloroplast and is phosphorylated by 

ATP to form phospho glycerie acid, which enters the C, pathway. 
, ...,. Phosphorylase 
Glyceric acid — IAS g Phosphoglyceric acid. 
ATP ADP 
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(b) Significance of Photorespiration : The process of photorespiration involves 
the 3 organelles of chloroplast, peroxisome and mitochondria. It is apparently a boastful 
process because it delays PGA formation, it consumes energy and reduces 
photosynthetic efficiency. But at the sametime, it produces useful amino acids like 
glycine and serine, it regenerates PGA, metabolises H,O, to produce Om which may be 
helpful during respiration, At the sametime, the process is inevitable because at a high 
concentration of O, the RuDP carboxylase enzyme behave as oxygenase and initiate 
the precess. 


G.A oxidase transaminase 
Glyoxylate . Glycine 


10, 


HO 1/20, 


NADH, 
rt ey a 


dehydro pyruvate 
gonane NH, 


Fig. 1. 20; Schematic Representation of C, cycle 


) Crassulacean Acid Metabolism: This process occurs in the family 
Crassulaceae in members like Bryophyllum, Kalanchoe, Sedum, Cressula and also in 
the phylloclade of Opuntia. These plants have their stomata opened during night and 
this results in night fixation of CO, and its conyersion to malic acid, It is opened during 
night and that fesults in night fixation of CO, and its conversion to malic acid, It was 
denoted by Moyse et al (1957). The major steps of this process are (i) Synthesis of 
malate during dark CO, fixation. (ii) Consumption of malate during dark and 
light deacidification. 

(i) Synthesis of Malate : The co, entering the plant duting night reacts with pyruvic 
acid or phospho enol pyruvic acid to libetate oxaloacetic acid and malie acid. The 
malic acid remains in the vacuole. 


NADPH, NADP 


NADP linked dehydrogenase 
OAA + Pi. 


Pyruvic acid + CO; Malic acid. 


+CO, + ee > 
13 ae PEP carboxylase 


za Malic Acid + NAD. 
Malie dehydrogenase mt 

(ii) Deacidificartion of Malic Acid : The Malic acid is oxidised both during day 
and night forming CO, and H,O, The CO, formed enter C, cycle and so the stomata 
remain closed during daytime in these plants: 


c, + 30, oxidase 400, + 3H,0. 


O. AA. + NADH. 


2253-89 
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Moreover during daytime, the deacidification process is faster because it is hastened 
by the O, liberated during normal photosynthetic process. 


1.16. Summary reactions of photosynthesis 


(A) Light Reaction : 

(1) The chlorophyll molecule of PSI absorbs light quanta and gets exited. 

(2) A pair of electrons are released from the pigment system l. 

(3) Finally the electron pair is accepted by NADP via Ferredoxin. 

(4) The pair of electrons released by Photosystem II (P,,,) passes through 
Plastoquinone, Cytochrome b, and f, Plastocyanine and to PSI to fill up the electron 
hole in PSI. 

(5) The energy of electrons causes photolysis Of water liberating O, and H* ions 
and electron pair. The H* reduces NADP, while the electron replenishes the electron 
hole in PSII. 

(6) Total 24 molecules of water undergo photolysis to produce 60,, 12NADPH, 
and 12H,O molecules are recycled. 

(7) The difference in redox potential between cytochrome b, and cytochrome f 
results in phosphorylation of 2AD molecules, producing two energy rich ATP 
molecules. 

(8) The end products of light phase are O, gas, ATP and NADPH, molecules, 

(B) Dark Reaction : 

(1) At first six molecules of 6CO, is fixed by 6 molecules of Ribulose diphosphate 
(RuDP) to produce 12 molecules of (3C) compound PGA (Phosphoglyceric acid). 

(2) Out of the 12 molecules of PGA, 2 molecules of PGA utilise the energy of ATP 
and NADPH, to form one hexose molecule. 


T- 


z 


Fig. 1.21 : Schematic Representation of Photosynthesis 
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(3) The rest 10 molecules form a series of 4C, SC, 6C and 7C compounds and 
ultimately regenerates RuDP. 
(4) The RuDP is again utilised again for fixation of CO, 


1.17. Significance of Photosynthesis 

(1) It is the only means by which solar energy is trapped by green plants, stored 
as chemical energy and transferred to other members of the ecosystem. 

(2) The food synthesized by plants is the direct or indirect source of food to other 
animals, 

(3) The O, gas Is liberated by this process, by which the air is purified and O,-CO, 
balance is maintained in the f 


U 
(4) Photosynthesis for human + The process of photosynthesis not 
only liberates food and O, but also various other plant products useful in our 
day to day life,which are as follows : 
(a) Various products like timber, n 
photosynthetic in origin. 


Fig. 1.22 : CO,-O, balance and purification 
(b) The fermentation products like organic acids, alchohols are also the by-products 
of photosynthesis, 
(e) Paper, paperpulp, soft. wood are also the result of photosynthesis at the present 
da 


y. 

(d) Coal, petroleum and natural gas are actually the photosynthetic end products of 
the past. 

(5) Photosynthesis in search of non-conventional fuel : According to Brada 
(1975), the process of photosynthesis efficiently breaks up water into hydrogen and 
oxygen and that principle can be utilised in future to generate low cost fuel for the use 
of mankind. 
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1.18. Experiments denoting the process of Photosynthesis : 


(1) To prove CO, is necessary for Photosynthesis : 
Requirement ; Potted plant, KOH solution, Glass bottle, Rubber cork, lodine 


solution. 4 


Procedure : A potted green plant is taken po it is made starch-free by keeping in 
darkness for several hours. The free 


end of one of the leaf of this plant 
is inserted into an air tight bottle 
fitted with a rubber cork containing 
KOH solution. The apparatus is 
kept in this condition in sunlight for 
a few hours. Then the experimental 
leaf is detached and tested for 
starch using iodine solution. 

Observation : The part of the 
leaf inside the bottle does not show 
any colour change, while that 
remaining outside turns blue. 

Inference : The presence of 
KOH solution in the bottle 

a absorbed the CO, and so there was 
Fig.1.23 + Experiment showing CO, is necessary no photosynthesis, while that 
during Phot outside the bottle showed normal 
photosynthesis and there was accumulation of starch. 

(2) To prove sunlight is necessary during Photosynthesis : 

Requirement : Potted plant, Black sa Clips, Iodine solution. 

Procedure : The potted plant 
is kept ın complete darkness for at 
least 48 hours to make it 
completely starch free. Two strips 
of black paper are clipped on one 
of the leaf in such a way that it 
covers the middle of the leaf. The 
entire set up is left undisturbed in 
sunlight and the experimental leaf 
is detached and iodine test is 
performed, Fig. 1.24 ; Experiment showing sunlight is 

Observation : The covered necessary during Photosynthesis 
area of the leaf does not show any colour change. 

Infernce : The covered area did not receive any light so there was no photosynthesis, 
while the rest of the leaf produced starch by photosynthesis. 

(3) To prove chlorophyll is necessary for Photosynthesis : 

Requirement : Potted plant with variegated leaves, Chloral hydrate, Beaker, Bunsen 
burner, Tripod stand, Wiremesh, lodine solution, White paper: 

Procedure : Some variegated leaves of Croton plant is taken, the green spots are 
marked on a piece of white paper. The leaves are then decolourised by boiling them in 


Inflorescence 
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chloral hydrate, which will extract the chlorophyll pigments from these leaves. The 
leaves are then tested for starch with iodine solution. 


0 
STARCH 


iz Fig, 1.25 + Experiment showing. Chlorophyll is. necessary during Photosyathesis 
| Observation + Only those areas which were previously green, turned blue. 
Inference: This indicates that only those areas which have chlorophyll, prepared 
starch. So chlorophyll is an useful component of photosynthesis. 
(4) Experiment to show evolution of O, during photosynthesis and also water 
is the source of the evolved O, : 
Requirement : Glass beaker, Funnel, Test Tube, Normal Water, Water with O", 


Hydrilla plunt. — 
procedure: A beaker full of 
normal water with dissolved CO, is he, Veen 
taken. At the bottom some Hydrilla ES AIR 


plants are kept and then covered with 2 BUBBLES 
a funnel in such a way that the stem of | ¢ > 
the funnel is below the water surface 
in the beaker, A test tube is filled with 
water and inverted over the funnel in 
such a way that there is no drop in the 
water level. It is left undisturbed in 
sunlight for several hours, A similar 
set up is also set up using the O" 
isotope and left along with the first set 
up. 

Observation: Both the experi- 
mental set ups will show liberation of 
a gas from the Hydrilla plant, which 
is collected in the test tube by 

“downward displacement of water. 

Inference : The chemical analysis - 
of the gas with alkaline pyrogallate Fig 1.26 : Evolution of O, during Photosynthesis 
solution showed that the gas is O,, 


i 


BEAKER 


k 


WATER 


aa 


i 
2 
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which has been liberated due to photosynthesis in the Hydrilla plant. In the second set 
up, the gas can be identified chemically as O'*, which obviously has come from water 


after photosynthesis in the Hydrilla plant. 


1.19. Important Distinctions 
(A) Fluorescene and Phosphorescence : 


Fluorescence 


(1) Emission of light by the 
chlorophyll molecule when 
it returns from Ist singlet 
state to ground state. 


Phosphorescence, 


(1) Emission of light by 
the chlorophyll molecule 
when it returns to ground 
state from the metastable 
triplet state. 

(2) Phosphorescence can 
continue even after the 
incident light is stopped. 
(3) Phosphorescence has 
a greater wavelength in 
comparision to the 
incident light and also 
fluorescence. 


Points of Differences 
(1) Definition : 


(2) Fluorescence continues 
only during its exposure to 
incident light. 

(3) Fluorescent light has a 
greater wavelength than 
incident light but lesser in 
comparison to phosophore- 
scence. 


(2) Duration : 


(3) Wave length : 


(B) Quantum Requirement and Quantum Yield : 


Quantum Yield 


(I) The number of photons | (1) The number of oxygen 
(or quanta) required to |molecule released per 
release one molecule of | photon of light. 


Points of Differences 
(1) Definition : 


oxygen. 
(2) Value : (2) Minimum quantum | (2) The minimum quantum 
requirement for | yield for photosynthesis is 


photosynthesis is 8 to 10. 0.1 to 0.125. 


(C) Action and Absorption Spectra : 


Points of Differences : Action Spectrum 


(1) Definition : (1) The different parts of the 
visible spectrum helping in 
the process of photosynthesis. 


Absorption Spectrum 


(1) The wavelength of 
light. absorbed. by 
individual pigment is 
known as absorption 
spectrum. 

(2) The chlorophyll a 
shows the absorption 
peak at 435 & 680 nm, 
chlorophyll b at 455 & 
650 nm and carotenoids 
at 470-480 nm. 


(2) Range: (2) The blue violet region 
(400-510 nm) and the far-red 
region (610-700nm) are 
maximum helpful for 
photosynthesis. 
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(D) Light Phase and Dark Phase : 


(1) Necessity of Light :| (1) The process is dependent 
on light. 

(2)Energy rich ATP 
molecules are produced. 


Points of Differences : Dark Phase 


(1) The process is independent 
of light. 

(2) Glucose is produced 
utilising the energy of ATP 
molecules. 

(3) O, is not formed but CO, is 
absorbed. 


(2) ATP production : 


(3) O, liberation: (3) O, is liberated as end 


product. 


(4) Photolysis : (4) Photolysis occurs. (4) Photolysis does not take 
place. 

(5) NADP : (5) NADP is reduced. (5) Reduced NADP is oxidised 
again. 

(6) Site : (6) It occurs in the granum | (6) It occurs in the stroma of 


chloroplast. 
(7) It does not require any 
photosystems. 


of chloroplast. 
(7) It includes the two 
photosystems. 


(7) Photosystems : 


(E) Cyclic photophosphorylation and Non-cycle photophosphorylation : 


Points of Differences : Cyclis Non-cyclic 
photophosphorylation photophosphorylation 


(1) Pigment System: |(1) Only one pigment] (1) Two pigment systems are 
system is activated. active. 

(2) Wavelength : (2) Mainly light rays with | (2) Lightrays both below 680 
wave length above 700 nm nm and above 700 nm are 


are active. active. 
(3) Water : (3) The photolysis of water} (3) Photolysis of water takes 
does not take place. place. 
(4) O, liberation : (4) Liberation of O, does (4) O, gas is liberated. 
not take place. 
(5) Electron donor/ | (5) Chlorophyll ‘a’ of PS II (5) The electron released by PS 
acceptor : acts both as electron donor | II is accepted by PS I, while that 
and acceptor. released by PS I is accepted by 
NADP. 
(6) NADP reduction: (6) NADP is not reduced. | (6) NADP is reduced to 
NADPH,,. 


(7) Electrons released :| (7) Single electron is] (7) A pair of electrons exhibit 
showing cyclic movement. | non-cyclic movement. 

(8) ATP synthesis: | (8) Two ATP molecules are] (8) Two ATP molecules are 
synthesized at two different | synthesized at one point. 


places. 
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C, Plants 


Points of Differences : 


(6) CO, fixation : (6) CO, is fixed at relatively | (6) CO, is fixed at low 
high concentration in the| concentration. 
atmosphere. 
(7) Type of Cycle : (7) Calvin Cycle (C, Cycle). | (7) H.S.K. Cycle (C, cycle). 
(8) Productivity : (8) Less productive. (8) More productive. 
(9) Example : (9) All green plants. (9) Tropical grasses like 


Panicum ; sugarcane. 


(L) Bacterial Photosynthesis and Plant Photosynthesis : 


Bacterial Photosynthesis: 


(1) Bacterioviridin and 
chlorobium chlorophyll. 
(2) Chromotophore. 


Points of Differences : Plant Photosynthesis 


(1) Chlorophyll a , b, c, d 
and e. 

(2) Chloroplastid and 
chloroplast. 


(1) Pigment : 


(2) Photosynthetic 
organelle : 


(3) Mostly in the visible 
spectrum (350-700 nm). 


(3) Absorption (3) Normal visible 


spectrum : spectrum, greater 

absorption in the infrared 
region (750-800 nm). 

(4) End product : (4) Glucose. water and | (4) Glucose, water and 
sulphur. oxygen. 

(5) Storage product : (5) Photosynthetic end | (5) Photosynthetic end 
product stored as glycogen. | product stored as storage 

starch. 
(6) Efficiency : (6) It is quite low in | (6) It is very high in 


comparison to higher plant. | comparison to bacteria. 


1.20. Matters to recollect 


sæ Aristotle (322 B.C.) first proclaimed that plants can prepere their own food. 

«= The light mediated process of synthesis of carbohydrates in green plants is known 
as photosynthesis. 

se Chlorophyll is the principle pigment of photosynthesis. 

1 Light, chlorophyll, CO, and water are the principal components for photosynthesis, 
while CO, and water are the raw materials of photosynthesis. 

«= Chloroplast is the photosynthetic apparatus consisting of the granum and stroma 
which are the sites of light phase and dark phase respectively. 

sr The amount of O, liberated is equivalent to the CO, utilised in photosynthesis and 
so the PQ is equal to unity. 
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On absorption of red light, the chlorophyll molecule goes to Ist singlet stage, while 
under the effect of blue light, it goes to the metastable triplet state, 

In higher plants, there are five different types of chlorophyll viz. a, b, c, d,e but in 
bacteria, the major photosynthetic pigments are bacteriochlorophyll ‘a’ and ‘b’ 
and chlorobium chlorophyll. 

Cartone, xanthophyll, phycocyanin, phycoerythrin are the major accessory or 
antenna pigments. 

Each chlorophyll molecule is provided with hydrophilic ‘Mg’ porphyrine head and 
lipophilic phytal tail. i 

The-rate of photosynthesis drops at red or far red region of spectrum, which is 
known as “Red Drop” mechanism. 

During photosynthesis, the kinetic energy of the photon particles is converted to 
potential energy of ATP molecules during light phase and finally stored as chemical 
energy in the form of carbohydrate molecules during dark phase. 

The light phase is a photochemical process consisting of the two pigment system 
PSI and PSII. 

The electron pair emitted from PSI is accepted by NADP, but that emitted from 
PSII comes to PSI. 

The PSI is initiated around 700 nm wavelength of sunlight, while PSII is initiated 
around 680 nm wavelength of light. 

The granum of chloroplast is composed of quantasomes, which again is formed 
of definite number of chlorophyll molecules and accessory pigments. 

The photon particles are minute energy rich corpuscles of solar energy. 

The production of energy rich bond between phosphate and ADP utilising the 
energy of electron during photosynthesis is termed as photophophosrylation. 

The cyclic photophosphorylation and eee photophosphorylation are the 2 
types of photophosphorylations. 

The cyclic photophosphorylation is an me process occurring in bacteria 
and temporarily in higher plants but the non-cyclic photophosphorylation is the 
complete process occurring in higher plants, which removes all the shortcomings 
of cyclic photophosphorylation, 

The end products of light phase are O, ATP and NADH, but that of dark phase 
is glucose. 

In bacterial photosynthesis, O, is not produced, which may be replaced by elemental 
sulphur. 

The chemosynthetic bacteria obtain the energy for preparing their own food by 
oxidation of inorganic compounds. 

The dark phase of photosynthesis is also called carbon assimilation process, by 
which inorganic CO, of the atmosphere is converted to PGA and finally to glucose, 
which is also called Blackman’s reaction. 

The dark phase is also called Calvin cycle, which explains the regeneration of 
RuDP which is the starting compound of this cycle, fixing atmospheric CO,. 
There are four major types of carbon assimilation, C, C C, and CAM processes. 
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se The first formed products of C C&C and CAM processes are phospho glyceric 
acid (PGA) ; phospho enol pyruvic acid (PEPA) ; phospho glycolic acid and malic 
acid. 
«x The splitting of water by isolated chloroplast in presence of Hill reagent (Ferric 
Oxalate) and Hill oxidant (NADP) into H* ions and O, gas is known as Hill reaction. 
«x In photosynthetic light phase, 24 molecules of water are utilised to produce 6 
molecules of O, and 12 molecules of water is given out. 
Only 0.1% of the solar energy encountered by a green plant round the year is 
utilised during photosynthesis. 
rw ‘The rate of photosynthesis is maximum determined by the slowest factor and it is 
called Blackman’s law of limiting factors. 
sy ‘The increase in the rate of photosynthesis for every 10°C increase in temperature 
is known as temperature coefficient (Q),). 
ex The C, plants exibit greater photosynthetic efficiency and also have two types of 
chloroplast (mesophyll and bundle sheath) referred to as Kranz anatomy. 
se The C, cycle is also called photorespiration occuring in photosynthetic tissue in 
presence of high concentration of O,, generating useful amino acids like glycine 
and serine. 
æ The CAM plants have their stomata opened during night exhibiting night 
acidification and daytine deacidification liberating CO, and so the stomata remain 
closed. 


1.21. Summary : 


Green plants synthesize carbohydrates from CO, and water with chlorophyll 
pigment in presence of solar energy by the process of photosynthesis. In this process, 
CO, and water are the raw materials, while O, and water are the by-products, The 
photosynthetic organelle is the chloroplast. In this process. CO, is reduced to glucose, 
while water is oxidised to O,. There are two major phases of photosynthesis, the 
light dependent phase or light phase and the light independent phase or the dark 
phase, The light phase is the photochemical process occurring in the granum of 
chloroplast, while dark phase is a purely chemical process occurring in the stroma 
of chloroplast. 

During light phase water undergoes photolysis liberating H+, OH- ions and O, 
gas and H,O molecules are ultimately formed. The energy rich compounds of ATP 
and NADPH, are also produced. The formation of ATP is called phosphorylation 
and there are two types of phosphorylations viz. cyclic and non-cyclic 
photophosphorylation. The cyclic process is an incomplete but the non-cylic is a 
complete process which explains the origin of ATP, NADPH, and O,. The dark 
phase includes the fixation of CO, by RuDP in the form of PGA and ultimately 
forming hexose, this part of the cycle is known as Blackman’s reaction. Later 
Calvin proved the regeneration of RuDP takes plan from a part of the hexose 
molecule and this cycle is called Calvin Cycle. There are other means of CO, 
fixation viz. C,cycle or photorespiration which forms the first product of 
phosphoglycolic acid, C, cycle forming oxalo acetic acid and CAM forming malic 
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acid respectively. Bacteria with chlorophyll can photosynthesize, but they utilise 
H, S instead of H,O and so they form S instead of O, There are some non- 
phottagintliatic 1 which are devoid of chlorophyli but get their energy by 
oxidation of simple inorganic substances and the process is known as 
chemosynthesis. The major significances of photosynthesis are, it synthesizes! food 
for all other organisms by trapping solar energy, it purifies the air by supplying O, 
and also maintains the O,/CO, balance. Moreover the photosynthie activity of the 
pre-historic plants are utilised by present day human beings in the form of coal and 
petroleum. 


1.22. Naming/Discovery/Diccoverer 


[1] J. B. Van Helmont (1648) showed increase in the dry weight of a willow 
plant due to anabolic process. 

[2] M. Malpighi (1671) indicated the preparation of food takes place in the leaves. 
(3] J. Priestly (1772) proved that plants can purify the air. 

[4] J. Senebier (1782) showed that under illuminated condition, green plants has 
the capability of utilising CO, 

[5] N. T. de Sanssure (1804) first formulated the equation, of photosynthesis 
Carbon di-oxide + Water ee ence Carbohydrates + Oxygen. 

[6] Dutrochet (1837) proved the involvement of chlorophyll in photosynthesis. 
[7] IJ. V. Sachs (1862 64) pointed out starch as an end product of photosynthesis 
and considered chlorophyll containing cells as the site of photosynthesis. 

[8] Engleman (1882) showed that the blue-red region of visible spectrum is 
maximum involved in photosynthesis. 

[9] Barnes (1898) coined the term photosynthesis and denoted the various 
components of the process. 

[10] F. F. Blackman (1905) showed the two stages of photosynthesis, considered 
the dark phase as the process of synthesizing hexose molecules (Blackman’s 
reaction) and also formulated the Blackman’s law of limiting factors. 

[11] Van Neil (1931) demonstrated the photosynthetic process in bacteria, 

[12] Emerson and Arnold (1932) showed the existance of two pigment systems 
within light phase. 

[13] Robin Hill (1937) showed the photolysis of water during light phase. 

[14] Ruben and Kamen (1941) using O, demonstrated that H,O is the source of 
O, on photosynthesis. 

[15] Arnon. Allen and Whatley (1954) utilised C., to demonstrate fixation of 
CO, by isolated chlorplast. 

[16] M. ‘Calvin; Bassham, Benson (1956) denoted, the regeneration of Ribulose 
di- phosphate in the C, cycle, 

[17] Hill and Bendal (1960) proposed the ‘Z’ scheme for light reaction. 

[18] Park and Biggins (1964) proposed the term quantasome. 

[19] M.D. Hatch and C. Slack (1967) discovered the C, pathway in tropical 
grasses. 

[20] Huber, Michel and Dissenhofer (1985) studied the photosynthetic reaction 
centre of bacteria Rhodobacter using X-Ray crystallography technique. 
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1.23. Answers to some special questions : 


111 
Ans. 


121 
Ans. 


[3] 
Ans. 


[4] 
Ans. 


[5] 
Ans. 


[6] 
Ans. 


[7] 
Ans. 


[8] 
Ans. 
19} 


Ans. 


[10] 
Ans. 


[11] 
Ans. 


Who first proposed the term photosynthesis? 

Barnes (1898) first proposed the term photosynthesis and considered it as a 
light dependent carbon assimilation process in green plants. 

Why is photosynthesis an endergonic process? 

In photosynthesis, the solar energy is converted to potential energy and 
ultimately stored as chemical energy, hence it is an endergonic process. 
Why is photosynthesis an anabolic process? J. E. E. 1993, 96 
In photosynthesis, the energy of photon particles unite CO, and water to 
form glucose, which increases the dry weight of a plant. 

Why is photosynthesis an energy transducing process? 

During photosynthesis, the kinetic energy of the photon particles is coverted 
to potential energy of ATP molecules and finally stored as chemical energy of 
glucose molecules. 

What is photosynthetic unit? 

The total amount of pigment molecules within the quantasome (approximately 
400) absorbs a fixed amount of solar energy to carry out the photochemical 
light phase and is referred to as photosynthetic unit. 

Why is photosynthesis as redox reaction? 

In photosynthesis CO, is reduced to glucose and H,O is oxidised to O, and so 
it is a redox reaction. 

When do photosynthesis and respiration occur? IJ. E. E. 1993] 
The photochemical reactions of photosynthesis occur during daytime with 
the help of visible spectrum of light, but carbon assimiliation continue for 
sometime even in absence of light. Respiration occurs both during day and 
night. 

Give the chemical reaction of photosynthesis. IJ. E. E. 1993] 


light, chlorophyll CH. o 


6 126 


600, + 12H,O +60,+6H,O 

How is leaf adapted for getting the materials needed to carry out 
photosynthesis. IJ. E. E. 1980] 
[i] The broad lamina increases the surface area for more incident light. 

[ii] The packed palisade increases chlorophyll density to absorb more 

light. 

[iii] Presence of large number of stomata and intercellular spaces 

provides easy exchange of gases. 

[iv] The network of veins provide easy transport of minerals and water. 
What is action spectra of photosynthesis? 

The region of the visible spectra in which photosynthesis occurs efficiently is 
known as action spectra. It is 400-510 nm and 610-700 nm respectively. 
What is red drop and Emerson’s enhancement effect? 

The exposure of chlorophyll molecule to red and far red region of the visible 
spectrum (i.e. above 680 nm) reduces photosynthesis called red drop but 
alternation of the red light with blue light again increases the rate and is referred 
to as Emerson’s enhancement effect. 


[12] 


Ans. 


[13] 


Ans, 


[14] 
Ans. 


[15] 
Ans, 


[16] 
Ans. 


1171 
Ans. 
[18] 
Ans. 


[19] 


Ans. 


[20] 


Ans. 
[21] 


Ans. 


[22] 
Ans. 


[23] 
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What are antenna pigments? 

The pigment molecules surrounding the major reaction centre of chlorophyll 

molecule in a photosystem which transmit the absorbed energy to the 

photosynthetic reaction centre are called antenna pigments. 

Where are chlorophyll molecules concentrated in a chloroplast? 
IJ. E. E. 1983 ; ’85] 

Chlorophyll molecules are concentrated within the ultramicroscopic particles 

called quantasomes within the thyakoid of granum in such a way that the 

hydrophilic porphyrin head remains in the protein layer but the lipopilic 

phytal tail is suspended in the lipid layer. 

What is inductive resonance? 

The transfer of solar energy from one pigment molecule to the other is known 

as inductive resonance. 

What is triplet state? 

The chlorophyll molecule reaches the metastable triplet state under the effect 

of blue light and it has a half life period of 10 seconds. 

What is Z-scheme? 

The non-cyclic photo-phosphorylation scheme joining the PSI and PSII is 

called the Z scheme. This is because of its Z like configuration and also for 

the unknown carrier Z, which receives electron from water and transfer it to 

NADP. 

What are the end products of light reaction? IJ. E. E. 1983, 1990, 96 

The end products of light reaction are ATP, NADPH, and O. 


Give full names of : RuDP, PGAld, NADP, ATP. IJ. E. E. 1990] 
RuDP = Ribulose Diphosphate. 
PGAld — Phosphoglyceraldehyde 
NAbf¾¶ — Nicotinamide Adenine Dinucleotide Phosphate. 
ATP — Adenosine triphosphate. 


Why O, is not given off in bacterial photosynthesis? 

IJ. E. E. 1990, 91] 
Photosynthetic bacteria like green sulphur bacteria utilises other inorganic 
compounds like H,S instead of H,O as the electron donor, hence they liberate 
elemental sulphur instead of O,. 
What are the oxidising and reducing agents in photosynthesis? 

IJ. E. E. 1991, 96 
Oxidising agent — CO, ; Reducing agent — H,O. 
What are the necessary components of electron transport process in 
the light reaction of photosynthesis? IJ. E. E. 1996] 
Plastoquinone, Cytochrome b,, Cytochrome f, Plastocyanin, Ferredoxin, 
NADP. 
What is solarisation? IJ. E. E. 1997] 
The process of inhibition of photosynthesis due to intense light, which in 
presence of O, causes bleaching of chloroplast. 
What do you understand by Hill reaction and Blackman’s reaction? 

[J.E.E. 1979] 
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Ans. 


[25] 
Ans. 


[26] 
Ans. 


[27] 
Ans. 


[28] 
Ans. 
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The breaking of water molecules by isolated chloroplasts in illuminated condition 
in presence of Hill oxidant to produce H* ions and O, 

Light 
Chloroplast 
The dark reaction of photosynthesis by which CO2 is fixed to from hexose 
molecule is known as Blackman’s reaction : 
6CO, + 12NADPH, ——> CHO, 12NADP + 6H,0. 

What is C, cycle? 

The process of carbon fixation in some tropical grasses by which CO, is 
absorbed by phospho enol pyruvic acid to produce oxalo acetic acid. 

What is C, cycle? 

The fixation of CO, by RuDP oxygenase in presence of high concentration 
of O, in the photosynthetic cells forming phosphoglycolic acid is known as 
C, cycle, it is also called photorespiration. 

What is CAM? 

The process of Crassulacean acid metabolism is followed by plants like 
Bryophyllum by which the fixation of CO, forms malie acid during night, 
which undergoes decarboxylation’ during daytime producing CO,, keeping 
the stomata closed. 

What is Kranz anatomy? 

In C, plants, the vascular bundles of leaves remain surrounded by large 
chloroplast containing cells called bundle sheath cells. This type of anatomical 
structure is called Kranz anatomy. 

Name two photosynthetic and two chemosynthetic bacteria. 
Photosynthetic bacteria : Rhodopseudomonas, Chromatium Chemosynthetic 
bacteria : Thiobacillus, Beggiatoa. 


2H,0+2A 2AH, +0, 


Se eee eee EXERCISE m m m m m ee eee 


A. 
11 


[2] 


13] 


[4] 


t5] 


[6] 


171 


Essay type: 
Describe in brief the dark phase and the light phase in photosynthesis stating their site of occurrences. 
What are strategies adopted by the plants living in the shadow of tall trees and shrubs for obtaining 
sufficient light ? Give the photosynthetic reaction of an autotrophic bacterium. 
IJ. E. E. 1980] (Ans, 1,11,1.12,1.13) 
What is photosynthesis ? Briefly narrate the process and its significance. 
(Ans. 1.3, 1.16, 1.17) 
What is photosynthesis ? Name the cells which are responsible or photoynthesis in flowering plants 
and give reason for your answer. Enumerate the factors which affect the photosynthetic rate. What 
is the source of oxygen evolved in photosynthesis ? [J.E.E. 1978] (Ans. 1,3,;1.7;, 1-12) 
What do you understand by Hill reaction an Blackman’s reactions?“ (Ans. : 1.11) 
[i] What is the source of free oxygen that green plants give off as a by-product of photosynthesis 
2 State how this was demoastrated experimentally. 
[ii] What is the importance of light reaction in photosythesis ? 
[iii] How is the leaf adapted in getting the materials, needed to carry on photoynthesis ? 
IE. E. 1981] (Ans. 1.12; 1.18) 
Write briefly about the necessary components of photosyntheis and their sources. Slate what 
happens during the dark phase reactions. Explain how living world depend on photosynthesis. 
(Ans. 1.10, 1.1, 1-12) 
Define photosynthesis. Describe’ the process. How the animal world is benefitted from it ? 
(Ans. 1.11, 1.12) 


[6] 
171 
181 
[9] 
[10] 
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[12] 
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What do you mean by autophyte ? Explain how do water, light and chlorophyll help in making 
their food. When A.T.P is synthesized during photosynthesis ? [Tri. H.S. 1983] (Ans. 1.12) 
What are light and dark reactions in photosynthesis ? What are the products of light rection ? Give 
a simplified diagram to illustrate the main reaction chains catalyzed by PSI and PSII. Do autotrophic 
bacteria give off oxygen as by-product in photosynthesis ? Give reasons. (Aus 1,11, 1.13) 
Answer the following-(i) Where are chlorophyll molecules concentrated in a chloroplast ? (ii) 
Give the emperical formulae of ehlrophyll molecules. How does the molecule of chia differs 
from that of chl-b ? (iii) What is chlorobium chlorophyll ? Where is it found (iv) What are the 


functions of carotenoids ? J. E. E. 1983, 1990] (Ans. 1.9) 
Discuss the dark phase of photosynthesis. (Ans. 11) 
What is phosphorylation ? In which life process and at which stage does this occur ? What is'the 
significance of this reaction? (Ans. 1.11) 


Who is Calvin 2 How is he related with photosynthesis Tri. H.S. 1984, 1987] (Ans, 1.2, 1:11) 
Distinguish between photosynthesis and respiration and describe briefly the process of photosynthesis, 
Explain the significance of photosynthesis. (Ans. 1.11, 1.17) 
Describe briefly the various factors of photosynthesis. J. E. E. 1984, 1985] (Ans. 1.12) 
Why is photosynthesis not possible either in shorter or in larger wavelengths than the visible 
range of light? Name the pigments involved in Photosystem I and Photosystem Il. What is the 
exact reductive step in the entire Calvin cycle reactions ? IJ. E. E. 1991] (Ans. 1.8. 1.11) 
When do the photosynthesis and respiration occur? Will there be any photosynthesis in 
presence of artificial light? What is the difference between photolysis and glycolysis? Why is 
photosynthesis an anabolic process? J. E. E. 1993] (Ans. 1.8, 1.14) 
What is Hill reagents? How we can know from Hill reaction that the source of oxygen in 
photosynthetsic process is water? What is compensation point?[J.E.E. 1994] (Ans. 1.11, 1.12) 
When does photosynthesis occur? Is photosynthesis possible in artificial light? Describe the 
chemical reaction of photosynthesis. Why Photosynthesis is called an anabolic process? 
J. E. E. 1996) (Ans. 1.5. 1.7. 1.12) 
Define photosynthesis. Briefly describe the two phases of this process. 
(Ans. 1.3, 1.11) 
What is photosynthesis? Describe briefly the two process of absorption of light by chloroplasts. 
Explain the significance of photosynthesis. (Ans. 1.3, 1:8. 1.17) 
Give a brief description of light energy during photosynthesis. (Ans. 1.14) 
What are the four ways of carbon traffic in plant ? Which is the most efficient and why? 
(Ans. 1.11, 1.15) 


What is Crassulacean acid metabolism? What are its major phases? (Ans. 1.15) 
Describe the process of photorespiration. Why is it not an entirely boastful process? 
(Ans. 1.15) 


Define photosynthesis. What is meant by the light and dark phases in photosynthesis? Name 
the products of light reaction. Which photosystem is responsible for the photolysis of water? 
(Ans. 1.11, 1.12) 


Short Answer Type : 


* What is photon? What is its function? (Ans. 1.8) 
What is photolysis? (Ans. 1.11) 
Give the full names of (i) RuDP, (ii) RNA, (iii) AMP, (iv) PGA (Aus. 1.11) 
What are the full names of RuDP and PGAId? Tri. H.S. 1983] (Ans. 1.11) 


In which portions of the photosynthetic organelle does the light and dark reaction take place. 
(Ans. 1.11) 


What is photosynthetic organ? In which portion of the dorsiventral leaf does photosynthesis 


take place? (Ans. 1.4, 1.7) 
What is action spectrum of photosynthesis ? (Ans. 1.9) 
What are DPN and ADP? In what reference you have heard it ? (Ans. 1.11) 
What are three gases in the atmosphere which are being continously reduced in’ plant? Name the 
process involved and the probable end products. J. E. E. 1991] (Ans. 1.11) 


Do autotrophic bacteria give the oxygen as a by-product in photosynthesis ? Give reasons. 
J. E. E. 1990] (Ans. 1.8) 
Why is photosynthesis not possible either in shorter or longer wave length than the visible 
range of light? (Ans. 1.8) 
What is Gaidukov’s phenomenon? (Ans. 1.9) 


How can you prove that water is the source of oxygen in photosynthesis ? 
J. E. E. 1985] (Ans. 1.11) 


1426 


114 
151 
1161 
1171 
118] 
191 
120 
ec. 
111 


120 
[3] 


{4] 
151 
{6} 
17) 
18 
19} 
{10} 
1111 
1121 
113) 
114) 
0 D. 
110 
[2] 
131 
141 
15] 
l6] 
171 
18 
191 
110 
111 
[12] 
0 E. 


er 


110 
[2] 
B) 
14] 
[5] 
[6] 
(7 
[8] 
19] 


110] 
1111 
{12} 


A TEXT BOOK OF BIOLOGY 


State what happen during dark phase reaction. (Ans. 1.11) 
Give the structure of chlorophyll molecule. (Ans. 1,9) 
What is photolysis of water ? (Ans. 1.11) 
What is photochemistry ? (Ans. 1.8) 
How chlorophyll molecules are arranged? (Ans. 1.9) 
What is Crassulacean acid metobolism? (Ans. 1.15) 
What C, plants are more productive? (Ans. 1.15) 


Specific Answer Type : . 
Write the name of one essential organic enzyme and a co-enzyme for photosynthesis. 

(Ans. 1.11) 
What is the source of gas required for photosynthesis by aquatic plants? 

(Ans. 1.10) 


Which wavelength of solar energy used in photosynthesis of green plants ? 
[J-E.E. 1991] (Ans. 1.8) 


What is meant by excitation of chlorophyll molecule? (Ans. 1.8) 
What is quantum requirement ? (Ans. 1.8) 
What are the oxidising and reducing agents in photosynthesis? IJ. E. E. 1991] (Ans. 1.16) 
What are the end products of light reaction? IJ. E. E. 1990] (Ans. 1.11) 
Where are the chlorophyll molecules concentrated in chloroplast ? IJ. E. E. 1985] (Ans. 1.9) 
What is photosynthetic unit? (Ans. 1.9) 
How much of solar energy is used up in photosynthesis? (Ans, 1.8) 
What are the pigments of PSI and PSII ? (Ans. 1,11) 
What is the exact reductive step in the Calvin cycle reaction? IJ. E. E. 1991] (Ans. 1.11) 


Which light of the visible spectrum is minimum utilised in photosynthesis and why? (Ans. 1.9) 


What is Blackman’s law of limiting factors? (Ans. 1.12) 
Distinguish between: 

Chemosynthesis and photosynthesis. J. E. E. 1988] (Ans. 1.19) 
Cyclic and Non-cyclic photophosphorylation. (Ans. 1.19) 
PSI and PSII. (Ans, 1.19) 
Light and Dark reaction. (Ans. 1.19) 
Photo phosphorylation and Oxidative phosphorylation. (Ans. 1.19) 
Photosynthesis and carbon assimilation. (Ans. 1.19) 
Photosynthetic bacteria and green plants. (Ans. 1.19) 
Quantum requirement and Quantum yield. (Ans. 1.19) 
Action and Absorption spectrum. (Ans. 1.19) 
Fluorescence and Phosphorescence. (Ans, 1.19) 
C, and C, plants. (Ans. 1.19) 
Chorophyll and Bacteriochlorophyll. (Ans, 1.19) 


Short Notes on. 

[1] Action spectrum (Ans. 1.9) [2] Photons (Ans. 1.8) [3] Quantasome (Ans. 1.7) [4] Light Reaction 
(Ans. 1.11) [5] Dark reaction (Ans. 1.11) [6] Hill reaction (Ans. 1.11) [7] Photolysis (Ans. 1.11) [8] 
Calvin cycle (Ans. 1.11) [10] Photophosphorylation (Ans. 1.11) [11] C, pathway (Ans. 1.15) [12] 
Photosystem I (Ans. 1.11) [13] Photosystem Il (Ans. 1.11) [14] Chlorophyll (Ans. 1.9) [15] Carbon 
assimilation (Ans. 1.9) [16] Kranz anatomy. (Ans. 1.15) [17] Antenna pigments (Ans. 1.9) [18] 
Quantum yield (Ans. 1.8) [19] Chemosynthesis (Ans. 1.13) [20] C, pathway (Ans. 1.15). 


Mark the correct statement : 


Photosynthesis is a chemical/photochemical/physical process. 

The major photosynthetic pigment is carotene/xanthophyll/chlorophyll. 

Light reaction takes place in stroma/grana/thylakoid/quantasome. 

Photosynthetic organelle is chloroplastid/leucoplastid/chromoplastid. 

The action spectrum of photosynthesis is in between 340-390 nnV/390-810 nm. 
Absorption spectrum of red colour is 674-760 nm/422-492 nm/535-586 nm. 
Absorption spectrum of blue colour is 422-492 nm/674-760 nm. 

The percentage of incident light which takes part in photosynthesis is 2/10/30. 
The non-photosynthetic (non-green) bacteria synthesize their food by means of chemosynthesis/ 
bacterial photosynthesis/carbon assimilation. 

The acceptor substance in case of carbon assimilation is ATP/NADP/PGA/RuDP. 
The first product of C, cycle is OAA/PGA/NADP/RuDP. 

The pigment present in blue-green algae is chlorophyll/phycobilins/carotene. 


0 G. 


111 
121 
[3] 
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[5] 


110 
[11] 
1121 


Fill in the blanks : 
In photosynthesis duri 


Hill reaction takes pla 


In bacterial photosynth 


The cyclic pathway thtrough which RuDP is regenerated is called ——, 

takes place within the — of chloroplast, 
The process of inclusion of CO, into organic material of cells is known as ——, 
The sulphur bacteria oxidise —— 


The process of carbon assimilation 
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ing dark phase —— combining with CO, produce ——. 
ce within —— of the Chloroplast. 


esis — is not evolved, 


The C, process is also called 
The C, plants contain — and chloroplasts. 


The CAM plants have their stomata —— 
The first formed product of C, cycle is 


to liberate . 


during night and during day. 


The C, pathway involves chloroplast, mitochondria and ——. 


Put “mark on yes or no for correct answer : 


Only 20% of the incident light is utilised in photosynthesis. Yes/No. 
The CO, acceptor in photosynthesis is NADP. Yes/No. 


The process of carbon assimilation in non. 
The first stable product of photosynthesis 
The reaction of breaking down water in photosynthesis is called Blackman’s reaction. Yes/No. 


-green bacteria is photosynthesis. Yes/No. 


is PGAId. Yes/No. 


The reaction of carbon assimilation is called Hill reaction. Tes/No. 
The rate of photosynthesis drops in blue light. Yes/No. 

The spin quantum of electron changes in triplet state. Yes/No. 
The cyclic photophosphorylation is a complete process. Yes/No. 
The Rubisco enzyme is the key enzyme for dark phase. Yes/No. 


The Rubisco enzyme behaves as oxygenase under high concetration of O.. Yes/No. 
The stomata of Bryophyllum plant remains open during daytime, Yes/No. 


IF] 


Photochemical 110 
Chlorophyll 121 


Thylakoid 


BI 


Chloroplastid 14) 
390-760 nm 15] 
674-760 nm l6] 


422-492 nm 17) 


2 


Chemosynthesis 19) 


RuDP 
PGA 


Phycobilins. 


Answers to Q. 


no [F], [G] & [H] 


IG] 

Water, glucose 111 
Granum 12] 
Oxygen BI 
Calvin cycle {4} 
Stroma 15} 
Carbon assimilation [6] 
H. S, sulphur 171 
Photorespiration {8} 
Mesoplyll and 19] 
bundle sheath 

Open ; closed 110] 
Oxalo Acetic acid [11] 
Peroxisome. 12 
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APPENDIX 2 


Growth, Metamorphosis and Aging 


Topics Discussed : Introduction , Definition of Growth, Differentiation, Morphogenesis and 
Types and phases of growth, Crp period of pranih CRR Oan RPL TINS: Growth, Growth in 
plants, Sites of Growth, Types of growth, Measurement of Growgh, Instruments measuring plant growth, 


Abscission, Growth of Seedling and tole of gibberellic acid, photoperiodism, vernalization Growth in animals, 
Growth in Man, Differences between Development and Growth, Ditierences den plant and Animal 


growth, Metamorphosis, senescence and aging, Pheromones = 


2.1. Introduction 


Growth is an essential feature of all living organisms. A seedling grows into a tree, 
a chicken grows into a fawi and a buman Doby grams AA Ayong ss. Itis a physiological 
process affected by different external and internal factors. 

Growth is manifested by permanent increase in length or volute and is normally 
possible when the anabolic processes dominate over catabolic activity, so that the new 
protoplasmic substances are deposited within the cell. 

In higher organisms, it is mediated by two main processes, viz. cell elongation and 
cell multiplication. The cells enlarge during interphase and it is followeds by 
multiplication of cells. A cell aggregate is formed by repeated division and thus a 
pa is formed, which aggregate together to form organs and systems. Several 

prt te: tute a plant or animal body. But this entire processs 
cannot 3 explained by cell growth and division, it involves growth, differentiation, 
morphogenesis Z the functional state 
of life. 


2.1.1. SOME IMPORTANT DEFINITIONS . 


Growth ; It is u permanent increase in the length or volume of an Organism, brought 
upon by an increase in its dry weight due to synthesis of new protoplasmic material. 

1 + The process of formation of specialized cells from the existing 
undifferentiated cells during the tenet stages of development is termed as 
Differentiation. ` = 

Morphogenesis : The process of development of organs from existing mass of cells 
is termed as Morphogenesis, 

Development : A series of sequential elaborate changes which lead to the 
development of an adult individual from its embryonic stage is known as Development. 


2.2. Types of Growth 

Growth may be classified in various ways in plants and animals: 

[1] On the basis of Nature : It can be classified as Vegetative Growth, 
Reproductive Growth and Regenerative Growth. 

[a] Vegetative or Somatic Growth : The growth occurring by the division of 
somatic cells is termed as vegetative growth. Life starts with the formation of zygote, 
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which undergoes repeated mitotic division to form a mûhticellular embryo, which 
develop into an adult plant or animal individual. 

[b] Reprodctive Growth ; After the vegetative growth has been completed, the 
organisms develop the reproductive organs which include the development of flowers 
in angiospermic plants and the development of gonads in higher animals, this is 
reproductive growth and it is useful for the perpetuation of an organism. 

[c] Regenerative Growth ; It is the type of growth which is observed in plants and 
animals during repairing of lost or damaged part. 

[2] On the basis of Development of Organs : On this basis growth can be either 
Isometric or Allometric in nature : 

la] Isometric Growth: The growth is uniform in all respect and the development 
is proportional on all sides, so there is no change in theexternal structure eg. Fish 

[b] Allometric Growth : The growth is not uniform in all respect since some of the 
organs develop at a later stage as for example in mammals, the resproductive organs 
develop at a later stage of development of the animal. 

[3] On the basis of Multiplication of Cells : On this basis, growth can be classified 
as Auxetic, Multiplicative and Aceretionary in nature. 

[a] Auxetic Growth : The growth takes place mostly by increase in Volume of 
cytoplasm but not increase in the number of cells, e.g. Growth of nematodes and 
tunicates, ~ ate 

[b] Multiplicative Growth : The Growth which takes place purely by multiplication 
of cells ; as forexample, in man the new bom baby has only 2 trillion cells which 
increases to 80 trillion cells in adult individuals, 

[c] Accretionary Growth: Thie growth is observed in the post embryonic stage of 
higher animals where all the cells do not divide but only the totipotent cells like that of 
mesenchyma and chondriocyte divide to cause growth in the individual, 

[4] On the basis of Duration of Growth : On this basis, growth can be either 
unlimited or limited in nature : 

[a] Unlimited Growth ;The growth which continues all through the life cycle. It is 
also called continuous growth or positive growth observed in perennial woody plants 
and some fishes. _ a arw) 

[b]. Limited Growth :The growth is limited for a particular period in the life cycle 
of the organism as seen in herbaceous plants. They are also called Discontinuous 
growth as seen in insect where maximum growth is obseved during metamorphosis. 
Sometimes they are also called negative growth because during scenescence, degrowth 
may be observed. + Ay 

[5] On the basis of tissue types :This type of classification is commonly observed 
in plants, It includes apical, interealary and lateral. 

[a] Apical Growth : The growth of the shoot apex or the root apex is also called 
apical or primary growth which 1s due to the apical meristem, 

[b] Intercalary Growth : The growth of the shoot apex may also take place due to 
the division of the intercalary meristem and it is also called intercalary growth. 

[c] Lateral Growth : It is also referred to as secondary growth which takes place 
from the cambium and increases the thickness of a plant. itis commonly observed in 


woody angiospermic plants. 


1430 A TEXT BOOK OF BIOLOGY 


2.3. Phases of Growth. 
There are three distinct phases of growth observed in plants and animals. 
[1] Phase of Cell Division : The cells divide mitotically and helps in the growth of 
a tissue. It is also called Hyperplasia. It is commonly observed in the meristematic 
regions of plants and actively growing regions of animals. 
[2] Phase of Cell Elongation : The cells originating from cell division, shows 
increase in the amount of protoplasm and there by it enlarges in size. It is also called 
Hypertrophy. 5 


Cellulose Wall 


Nucleus 
Cytoplasm 
Cellulose Wall 


Origin of Vacuole 


Developed Vacuole 


Growing 
Cell Enlargement 
of Vacuole 


Enlarged Cell 


Fig. 2.1 : The Phases of Growth (Diagrammatic Representation) 


[3] Phase of Cell Maturation : This is also called cell differentiation that is the 
enlarged cells get modified and it helps them to perform the diverse functions of a 
multicellular organism. Once the cell changes its shape, it is a permanent change. 


2.4. Grand Period of Growth. 


The rate of growth may not be uniform all along the life cycle of plants and animals. 
It changes with the age of an organism. The entire period in which the organism grows 
is known as the Grand Period of Growth and the various phases include zero phase, 
lag phase, log phase, reducing phase and stationary phase. 

[1] Zero phase : Technically the zero phase is a very short phase just after the 
formation of zygote when the organism does not grow. 

[2] Lag phase : It is also the short preperatory phase of growth when the cells only 
show changes in dimension but very little division is noted. During this time, the growth 
rate is very slow. 

[3] Log phase: It is the actual growing phase when the growth rate is very fast due 
to maximum division of the cells. This phase is also termed as the exponential phase. It 
varies from one organism to-other. 

[4] Reducing phase: After a very fast rate of division, the rate becomes gradually 
reduced in various organs. 

[5] Stationary phase : It is the last phase of growth, when the growth rate more or 
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less becomes constant. This rate might continues till the end of the life cycle in plants, 
but in animals, it might stop all together. 

2.4.1.GROWTH CURVE 

The growth curve is obtained by plotting rate of growth against time. It illustrates 
the differential rate of growth in different 
organisms, the growth curve may vary from 
one organism to other. 

[1] Sigmoid Curve : This growth curve 
is the most common one, commonly 
observed in plants and also in some animals. 
Initially the growth rate is very slow during 
<i the lag phase, then the growth rate picks 
Ta 25 ao 60 0 100 up during log phase, then it is gradually 
Jae reduced and ultimately it is stationary that 
Be ess ph Sl is parallel to the base line. Thus a typical 

. 2.2 : S shaped Sigmoid Growth Curve ‘S? shaped curve is obtained. 

[2] Parabolic Curve : This curve is 
observed in bacteria and also some animals. 
Here there is the lag phase, log phase, 
reducing phase I,a short plateau, reducing 
phase II and zero phase again. Thus the 
resulting curve appears like a parabolic 
curve or Bell-shaped curve. 

2.5. Factors Affecting Growth 

The rate of growth in living organisms 
is influenced by several factors, which may 
be broadly classified in two major heads, 
the external factors and internal factors 
which are listed below : 

[A] External Factors : Fig. 2.3 : Parabolic Growth Curve 

[1] Temperature : It controls the metabolic activity of a living cell and varies from 
organism to organism. In general, the optimum temperature required for plant and 
animal growth is 25—30°C. 

[2] Light : It has a profound influence on the growth of plants, because it controls 
the process of photosynthesis. High intensity may inhibit plant growth because it 
damages photosynthetic machinary. The duration of light mainly controls the 
reproductive growth or flowering, and there may be three types of plants, Short Day 
plants like Tobacco, Soybean, which require a short day light period (8-10 hours) for 
flowering ; Long Day plants like Spinach, Sugar Beet which require long day light 
period (14-16 hours) for flowering ; Day Neutral plants like tomato, sunflower which 
do not have any specific requirement of day light period. The direction of light may 
also induce the phototrophic movement. 

In general, plants which grow ina lighted place like sunflower, are called Photophilic 
plants ; the shade loving plants like moss, fern are called photophobic plant and plants 
which grow both in the lighted condition and also in the dark are called Photoneutral 


plant. 


pateat 


RATE OF GROWTH ——> 


TIME =~ 
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Animals synthesize vitamin D with the help of sunlight which helps in the synthesis 
of bones and there by promotes growth . 

[3] Oxygen :It promotes respiration and releases energy required for the metabolic 
activity of a living cell and thus influences its growth . 

[4] Carbon di-oxide : It promotes photosynthesis in plant and thus the amount of 
food within the cell increases and thus growth is increased, but high concentration of 
CO, may retard plant growth. 

[5] Soil Conditions: The texture of soil, availablity of nutrients, soil pH and the 
soil water directly influence plant growth. 

[6] Wound : The rate of cell division increases at the regions of wounds in a plant 
and animal and thus regenerative growth is promoted. 

[7] Gravitational Force : The gravitational force may induce the growth of the 
underground parts of the plant, particularly the roots. 

[B] Internal factors : 

[1] Nutrition : Nutrition is a process by which plants and animals accumulate 
materials in their protoplasm and there by the cell grows and division is initiated. Hence 
growth increases with the increasing accumulation of nutritive substances. 

[2] Hormone : They are the most important factors controlling growth in living 
organisms. In plants auxin, gibberellin and cytokinin promote cell elongation and cell 
division and they are also called growth regulators. 

In animals also, there are some specific hormone which induces the growth process, 
some are directly promoting growth like Somato Tropic Hormone, while others like 
Thyroxine, Insulin mainly. promote metabolism and there by promotes growth. 

[3] Enzymes : The enzymes are of various types which promote the metabolic 
activities and thus promote growth. 

[4] Vitamins : In case of plants, vitamins are only required in trace amount but in 
animals, vitamin D directly promotes growth while vitamin B complex influences growth 
by promoting metabolism. 

[5] Water: In plants, entry of water within the cell increases turgidity and there by 
plant growth is promoted. In animals water is required for the activity of various enzymes 
which promote growth. 

[6] Chromosomal Inheritance: All the individual characters including growth 
and cell division are cotrolled by genes and chromosomes, the inheritance of these 
characters by the progenies from the parents controls their rate of growth. This is 
transmitted to the subsequent generations and thus establishes a trend of growth. 
2.6. Growth In Plants. 

The growth process is a variable process, in unicellular organisms, growth primarily 
occurs by increase in 
volume. But in 
multicellular organisms, THe a © 
growth occurs both by p C ni 
increase in the number of Flower 
cells causing irreversible zie 
change in the external 
structure. It continues 

throughout the life. 


Fig. 2.4 : Different growth phases in the life cycle of a plant (A—E) 
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2.6.1. GROWTH CYCLE 
The cycle of events occurring sequentially in the life cycle of a plant is known as 
the growth cycle, It mainly includes two phases : 


[1] Vegetative Phase : It starts with the formation of zygote, which divides 
mitotically to from the embryo. It remains in dormant condition for sometime and 
again starts growing after the germination of seed. This process is triggered by a series 
of plant growth regulators like auxin, gibberellin and cytokinin and the plant grows 
rapidly to form the seedling and soon the plant grows to its normal height. 


[2] Reproductive Phase : Soon after the vegetative phase is completed, the plant 
passes onto its reproductive phase initiated by gibberellin. During this time the plants 
develop flowers, which produce male and female reproductive units, the fusion of 
which produces the zygote and thus the cycle is continued. 


2.6.2. SITE OF GROWTH 


In unicellular plant, there is no specific site of growth, because the cell purely 
grows by volume. In higher plants, growth primarily occurs at the shoot tip or root tip 
which is with the help of apical meristem, 
though in case of shoot, the apical growth 
is also helped by intercalary meristem. 
Secondary growth occurs in transverse 
plane with the help of lateral meristems 
(Cambium). 


I H 2.6.3. TYPES OF GROWTH 
ntercalary, 
Meristem N Growth in plants are mainly of two 
types, primary growth and secondary 
growth. N 
[1] Primary Growth : The growth 
initiated by the primary meristematic tissue 
is primary growth. It can be of the following 
types : 
[a] Apical Growth : The growth 
brought upon by the meristematic tissue of 
Fig. 2:5 : Sites of different meristems the shoot apex or root apex. It makes the 
in the growing regions of a plant shoot and root grow. These tissues are of 
three types, the protoderm forming the epidermis, the procambium, that is the tissue 
forming the vascular strands and ground meristem forming the ground tissue. 


\ 


[b] Adventitious: Growth : The growth of the primary tissue, which is an 
uncharacteristic feature, as for example, the growth of foliar buds of Bryophyllum or 
root buds of sweet potato. 


[2] Secondary. Growth : this growth takes place after the primary growth is complete 
and it takes place with the help of cambium. This can be classified as Intraxylary 
growth and Extraxylary growth. 
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la] The intraxylary growth takes place within the vascular tissue ; it is by the joining 
of the fascicular and interfascicular cambium 
that forms the annual ring, cutting off secondary 
xylem towards the centre and secondary phloem 
towards the periphery. 

[b] The extraxylary growth takes place 
outside the vascular region, it takes place by 
the modification of the epidermal tissue, 
forming the periderm and it comprises of 
phelloderm, phellogen or cork cambium and 
phellem or the scale bark. 


2.6.4, MEASUREMENT OF GROWTH 


[1] Growth of Root: The differential 
growth of root can be measured by Space 
Marker Wheel. The germinating radicle is 
marked at equal intervals with waterproof ink 
by space marker wheel. They are placed on 
wet-cotton packed bulb of a thistle funnel, the 
stem of the funnel is dipped in a bottle 
containing water. Aftern 24-48 hours, the 
markings are seen to be separated unequally Fig- 2.6 : Differential growth regions of a root 


which indicates the differential growth of root. r 
[2] Growth of Stem : The growth of stem can be measured by a Horizontal 
Microscope and also by Arc 
indicater. 
[a] Horizontal Micros- 
owkonve mrm cope : A portion of shoot apex 


is marked with water-proof 
ADJUSTMENT SCREW ink and observed with a 
horizontal microscope, which 
slides on a graduated vertical 
stand. After the initial 
observation, the same 
marking is observed after 48 
— hours and the stand is brought 
to a new height for this, The 
difference in the initial and 
final reading gives the actual 
STAND growth. 


[b] Are Indicator: It is 
also called Auxanometer and 
is the ideal instrument to 
measure the growth of shoot 


V apex. It consists of a 
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graduated steel quadrant attached to a small wheel corresponding to the center of the 
circle, A long pointer is 
attached to the centre of the 
wheel and its free end moves 
up and down on the graduated 
arc, placed on the quadrant. 
Each division of the arc 
actually corresponds to a 
linear measure. A potted plant 
is placed below the wheel, the 
shoot apex is tied with a 
thread, the other end is tied to 
a small weight and the thread 
is plasced on the pulley at the 
centre of the wheel, The 
increase in the height of the 
shoot causes the downward 
movement of the weight and 
the pulley moves downward. 
Since the pointer is also 
attached to the pulley, it also 

Fig. 2.8 + Are Indicator moves downward on the 
graduated arc. The reading thus obtained gives the measurement of plant growth, If the 
diameter of the pulley is 4 and the length of the pointer is 20”, then the growth is said 
to be magnified by ten times. 


2.7. Differences in growth between Plant and Animal : 


. Growth takes place throughout the liſe, 1. Growth occurs upto certain stage of 


i.e.indefinite or indeterminate growth. life, i.e.definite or determinate growth. 
2. After the primary growth there is|2. In animals, secondary growth is absent. 
secondary growth in higher plants. 


3. Growth occurs only in the restricted) 3. Growth occurs throughout the body. 


4. dra eee 4. There is no specific growing region and 
ho meristematic tissue. Generally 
growth occurs in all tissues and in all 


regions. 
5. Generally there is no well organized] s. There is well organized growth. 


growth. 
6. ern Growth decurs equally in all parts of 
the body. 
7. Eee e en pou as 7. Annual rings are absent. 
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2.8. Abscission : 


2.8.1. DEFINITION : The detatchment of leaves, flowers, fruits and twigs from 
the parent plant is known as abscission. 

It is a distinct phenomenon in deciduous trees and shrubs, where all the leaves fall 
of during autumn by abscission and reappear during spring . In evergreen trees, the 
phenomenon is gradual, so there are always leaves present in the tree. 


2.8.2 REGION OF ABSCISSION : 


The abscission layer is formed al 
at the base of the petiole, at the base 
of fruit stalk or flower stalk. It is 
marked by few layers of lose, thin 
walled cells due to the dissolving 
of the middle lamella by pectinase 
or cellulase enzyme The vascular 
tissue is intact, but soon they get 
detached due to the weight of the 
plant part and the broken vascular 
tissue is quickly repaired by gums 

or bybases formation. 

Control of Abscission : (a) 
Role of Auxin : The young leaves 
normally do not show abscission, 
it is normally exhibited by older 
leaves. This is because the lamina 
of young leaves produce Indole 
Acitic Acid (1AA) or auxin. The 
external application of auxin also 
suppresses abscission. Later it was 
proved that the relative 
concentration of auxin on the two 
sides of the abscission zone 
actually controls abscission. An 
equal concentration of auxin on the 
stem side and lamina side of the 
abscission zone usually promotes 
abscission, but higher 
concentration of auxin on the 
lamina side of the abscission zone 
retards abscission. This is termed 
as auxin gradient hypothesis. 

(b) Role of minor hormones : 

The hormones like abscisic 
acid (ABA) and ethylene also promotes the activity of enzymes like pectinase and 
cellulase and thereby promotes abscission. 


CELLS OF THE 
ABSCISSION 
LAYER 


— VESSELS 


JL 


CORTEX 


CELLS OF THE 
ABSCISSION LAYER 
IN THE CORTEX 


Fig. 2.9 : L. S. of petiolar base showing abscission layer. 
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2.8.3. ABSCISIC ACID : 
(a) Discovery: In 1963, Wareing ef al denoted it in the name of darmin, from 
birch leaves, Caraforth eral (1965) considered 
HzC CH, CH; the mobecule as abscisic acid or abscisin II. 
(b) Chemical nature: The chemical name 
of abscissic acid is [3-methyl 5-1 (1-hy droxy- 
4 oxy-2,6,6-trimethyl-2-Cyclohexam-] -yl)-cis, 
trans-2, 4-pentadienoic acid). 
(c) Functions: t 
(i) It is an endogenous growth inhibitor. 
(ii) It induces dormancy and delays 
germination of seed. 
(iii) It promotes abscission of leaves and 
there by prevents loss of water due to 


Fig. 2.10 : Structure of Abscisic Acid 


transpiration. 
2.9. Gibberellins : 


They are a group of major plant hormones after auxin. 

[1] History: [i] Kurosawa (1926) observed in a rice field in Japan that among the 
dwarf variety rice plants, some of the plants become very tall due to the *‘foolish 
seedling” disease or Bakanae disease caused by a fungus Gibberella fujikuroi lt was 
observed that application of cell free extract of this fungus also caused internode 
elongation of the healthy rice plant. 

[ii] Yabuta (1935) named the substance as gibbereillin after the name of the fungus. 

[iii] Yabuta and Sumiki (1938) isolated two classes of gibberellin compounds 
viz. Gibberellin A and Gibberellin B. The former is a mixture of 3 active gibberellin 
compounds while the latter is a mixture of two active and one inactive compound. 

[iv] Mitchell (1950) and Stodola (1955) in U.S.A. isolated two classes of gibberellin 
compounds viz. Gibberellin A, and Gibberellin A, 

[v] Brian etal (1955) isolated and purifid Gibberellin in U.K. and named it 
Gibberellic acid. 


Fig, 2.11 : Structure of Gibberellins (A) Structure of Gibbane ring (B) Structure of Gibberellic acid. 

[vi] Cross et. al. gave the structure of Gibberellin and showed that it had a Gibbane 
ring and by changing the side chains, new forms of Gibberellin compounds can be 
achieved, which were denoted as GA, GA,, GA, GA, etc. and Ga, is the most common 
form of gibberellin. In this way, at present more than 110 types of Gibberellin have 
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have been reported, even Gibberella fujikuroi alone contains 15 different types of 
Gibberellin compounds. 

[2] Site of Gibberellin production : Gibberellin is mostly obtained from germinating 
seeds and germinated seedlings (Wheeler, 1960). It 
is also obtained from cotyledons, matured seeds and 


leaves. 
[3] Chemical nature : The Gibberellin 7 
compounds are 5-ringed diterpenoid compounds and | 4 
identified as colourless aliphatic acids. Cross (1954) 
stated the form- ula for GA, is C,,H,,0,. A 
[4] Synthesis of Gibberellin : The synthesis of 
gibberellin commonly occurs by the union of Acetyl 
CoA and Isopentenyl pyrophosphate. Brian ef. al. 
(1954) synthesized GA, by the reaction of 
Mevalonic acid with Geranyl geraniol phosphate. 
[5] Mechaniism of Gibberellin action : 
Application of gibberellins causes hyper- elongation 
effect on the internodes of plants. It increases the 
concentration of various hydrolytic and proteolytic 
enzymes within the cell, changing its osmotic Fig. 2.12 : Role of Gibberellin in 
concentration causing endosmosis and thus initiating the growth of plant (A) No Gibberellin 
elongation of cells. Gibberellin normally acts through (Ri Gibbereliin applied 
auxin by altering its concentration within the cell, but unlike auxin, gibberellin is 
transported in all directions. 


2.9.1. ROLE OF GIBBERELLIN IN THE GROWTH OF SEEDLING : 


The growth of seedling is brought about in three different ways by gibberellin, they 
are as follows : 


— 


B 


(1) Induction of seed germination :Gibberellin promotes de-novo (new) synthesis 
of æ amylase which acts on the aleurone layer of the endosperm of cereal grains. The 
starch is converted to simple soluble sugar which provides nourishment to the developing 
embryo and also increases the asmotic concentration of the seed by facilitating entry of 
water by endosmosis. As a result of which the germination process of the seed is 
hastened. 


(2) Reduction of the inhibitory effect of light on stem growth : When a plant 
seedling is grown in light, it becomes shorter and green, but when it is grown in darkness, 
it becomes long, pale and thin. Treatment of gibberellin promotes growth like the dark 
grown seedling. It increases the process of protein break down, rather than its synthesis 
and there by promotes growth. It can be concluded that the presence of light inhibits 
gibberellin and there by inhibits growth. 

(3) Elongation of Internode : This is perhaps the most important action of 
gibberellin that promotes seedling growth, it can even induce growth in genetically 
dwarf plants like pea and maize. It is concluded that the genetic dwarf lack the gene for 
gibberellin synthesis, so external application of gibberellin removes the inhibitory action 
of natural growth inhibitors and there by the growth of seedling is promoted. 
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2.10. Photoperiodism 


1. Definition : The response of a particular flowering plant to the effective day 
length with respect to flowering is known photoperiodism. 

It was denoted by garner and Allerd (1920-22) in Biloxi variety of soyabean 
(Glycine max) and Maryland Manmoth variety of tobacco (Nicotiana tabaccum). The 
experiments performed by them definitely prove that the daylength period has a positive 
effect on the flowering of these plants. 


2. Classification : On the basis of the duration of photoperiod, plants can be 
classified into three major categories as (i) Short Day plants, (ii) Long day plants 
and (iii) Day neutral plants. 

(i) Short Day plants (SDP): These plants require relatively short day light period 
(8-10 hours) and continuous dark period (14-16 hours) hence they are also called long- 
night plants, ¢.g.Biloxi variety of soyabean and Maryland Mamenoth variety of tabacco. 

These plants exhibit the following characteristics : 

(a) The dark period is critical, if it is interrupted with a brief exposure of red light 
(660-665mp), they do not flower. 

(b) The inhibitory effect of redlight can be reversed by a subsequent exposure with 
far red light (730-735 mp). 

(c) The interruption of light period by red light does not inhibit flowering in them. 

(d) If the dark period is prolonged, then flowering can be induced early. 

(ii) Long Day plants (L. D. P): These plants require longer day light period (14-16 
hours) and shorter dark period (8-10 hours). They are also called short night plants, e. g. 
Hyoscyamus niger (Henbane); Beta vulgaris (sugar beet.) 

They exhibit the following characters : 

(a) The light period is critical for these plants and prolongation of the light period in 
these plants stimulates early flowering. 

(b) A brief exposure to light during the dark period also stimulates flowering in 
them. 

(iii) Day Neutral plants : These plants do not exhibit any sensitivity to light period 
and the effective photoperiod ranges between 5 hours to 24 hours, e.g. tomato, cotton, 
sunflower. 

In addition to these three major types, there may be two minor types like : 

(iv) Long Short Day Plants :These are basically short day plants but if they are 
exposed to long photoperiod during early stages of growth, they exhibit flowering, e.g. 
Bryophyllum. 

(V) Short Long Day Plants: They are actually long day plants, but when exposed 
to short days during early stages of growth, flowering is induced, e.g. wheat; rye. 


3. Photoperiodic Induction : 
A plant normally requires one or mare inductive cycles for flowering. The 


appropriate photoperiod in a 24-hour cycle normally constitute an inductive cycle. Ifa 
plant receives the requisite number of inductive cycles and then continually placed 
under unfavourable photoperiods will still flower. This type of induction of flowering 
under the effect of photoinductive cycle is known as photoperiodic induction, e.g. 
plants like Biloxi soyabean (S.DP.) require only 2 inductive cycles while Salvia 
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occidentalis (SDP) requires 17 inductive cycles and Plantago lanceolata (L. D. P) 
requires 25 inductive cycles. Sometimes the increase in the number of inductive cycles 
can bring about early flowering in some plant. As for example, Xanthium 
pennsylvanicum flowers after 64 days on receiving one inductive cycle,but the flowering 
is brought forward to 13 days on receipt of 4-8 inductive cycles. 


4. Phytochrome : The proteinaceous pigment present in plants, which stimulates 
flowering in long day plants while it inhibits flowering in short day plants. 

It exists in two intereonvertible forms 

(i) Red light (660-665mp) absorbing forms is known as P, which on absorbing red 
light changes to PFR. 

(ii) Far red light (730-735 my) absorbing form is known as P" which on absorbing 
far red light changes to P& 

In short day plants, during the critical dark period the Pf gradually changes to Ps, 
resulting in flowering. A brief exposure to red light will again transfer it back to PF 
and thus inhibit flowering. This inhibitory effect of red light may be reversed by 
subsequent exposure to far red light. 

In long day plants, the inturruption of dark period by red light will result in furthur 
accumulation of PFR and there by flowering is stimulated. 


5. Importance of Photoperiodism : 

(i) It helps in hybridization experiment. 

(ii) The mechanism of flowering is some what clearly understood. 

(iii) The physiological pre-conditioning can be achieved that induces flowering. 

(iv) On this basis, plants can be classified as LDP (long day plants) and S.D.P. 
(short day plants). 


2.11. Vernalization : 


Definition : The change in flowering habit by low temperature treatment is known 
as vernalization, 

It was donoted by Klippert in 1857 in wheat, but it was explained and named by 
Lysenko in 1928. Like photoperiodism, vernalization also comes under the physiological 
pre-conditioning for flowering in higher plants. í 

Mechanism : Initially it was believed that cold stimulus was received by the apical 
meristem, but Wellensick (1964) has shown is Lunaria that the meristematic cells of 
root and leaves can also be the potential sites of vernalization. Melchers (1939) named 
the hormone vernatin and said it to be the cause of vernalization. But till date, it 
remains a postulated hormone, as it has not been isolated or identified. The positive 
effect of vernalization can be reversed by subsequent high temperature treatmeat, which 
is known as devernalization. 


2.12. Growth In Animals 


Nature of growth : Growth in animals generally does not occur throughout the 
life but occurs within a limited period of life. So their growth is determinated in 
nature. Except certain fishes and reptiles growth in all animals ceases at maturity. 
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Site of growth: Growth in animals takes place in all parts of the body, but all the 
parts may not grow at the same rate. 


2.12.1. PHASES OF GROWTH 


The growth of animals in some respect differs from that of plants, but the process 
is basically similar in both the cases. In case of unicellular animals, growth occurs 
only through an increase in the size or volume. But in higher animals, growth occurs 
through cell division, elongation and maturation or differentiation, i.e. multiplication 
and organized changes of cells give rise to a matured animal. So we can say that the 
growth and development both occur in the animal kingdom. During the growth and 
development of the higher animals, following phases can be recognized, although the 
exact pattern varies from species to species. 


2.12.2. EMBRYONIC DEVELOPMENT 


In higher animals, life starts from zygote which is formed after the fertilization of 
egg. Now the single-celled zygote divides repeatedly by mitotic process and forms 
large number of cells. Aggregation of these cells is known as morula. The cells of the 
morula are arranged in a single layer and this single-layered, hollow ball like structure 
is called blastula. Subgsequently this blastula develops into a two layered (ectoderm 
and endoderm) gastrula. 


In porifera (sponges) and cnidaria (Hydra, Obelia etc.) the matured or adult form 
directly develops from the gastrula. But in more higher groups, mesoderm like third 
germinal layer gradually develops in the gastrula and now the two-layered gastrula is 
transformed into three layered gastrula. By division and differentiation of the cells of 
the gastrula, gradually the tissues, organs and systems are developed, Thus the gastrula 
on differentiation gives rise to embryo. The embryos of the aquatic animals like Sea- 
Star, fishes etc. develop in the water. But in case of reptiles and birds, the embryo is 
developed inside the shell of the egg. Embryos of mammal develop inside a specialized 
organ known as uterus. Embryo which develops inside the uterus is called foetus. 


2.12.3. POST EMBRYONIC DEVELOPMENT : 


The Development that continues after the embryonic growth is known as post 
embryonic development. There are two kinds of post-embryonic development such as 
indirect and direct. 

[I] Indirect development : When an embryo is developed into a matured or adult 
animal through the larval stage then this type of development is known as indirect 
development. This intermediate stage which leads an independent free life’ and 
dissimilar from the adult is called larva. Thus, these eggs are with yolk but that is not 
sufficient for the complete development. The Larva usually have different habitat and 
a different way of life in comparison with their adults. 

In the development of some invertebrates like Jelly-fish, Star-fish, Snail etc. several 
insects like butterfly, moth, fly etc. and some vertebrates like toads and froges possess 
larval stage. Subsequently the larva is transformed into an adult animal and this 
complex process is called metamorphosis. 
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Table 1 ; Name of the larvae in the different groups of animals which undergo 
the process of metamorphosis. 


Animal group Name of Larva 


1. Cnidarian 1. Planula 

2. Trematode 2. Miracidium, Redia and Cercaria 
3. Cestode 3. Hexacanth, Cysticercus 

4. Annelida 4. Trochophore 

5. Crustacea 5. “Nauplius, Cypris and Zoaea 

6. Insecta 6. Caterpillar, Nymph 

7. Mollusca 7. Trochophore, Veliger and Glochidium 
8. Echinoderm 8. Dipleurula, Pluteus 

9. Urochordate 9. Aseidian tadpole 
10. Cyelostomata (Lamprey) 10. Ammocoete 
11. Amphibia (Toad & Frog) 11. Tadpole 


2.12.4. METAMORPHOSIS 


© Definition: Metamorphosis may be defined as a post embryonic devevelopment 
which involves rapid changes in habit, habitat, morphology, physiology and behaviour 
of larva so that the larva is transformed into an adult form having entirely of different 
habitat and structure. 
© Types of metamorphosis : 
[A] Among Chordates—(a) Progressive metamorphosis and 
(b) Retrogressive metamorphosis. 


[B] Among Insects—(a) Hemimetabolous (Incomplete metamorphosis) 
(b) Holometabolous (Complete metamorphosis) 


[A] PROGRESSIVE METAMORPHOSIS OF CHORDATE : 


Amphibians like frogs and toads show best example of progressive metamorphosis. 
In progessive metamorphosis, there are changes of simple larval organization into more 
complex organization of the adult. 

[a] Near the end of third month, the tadpole larva of frogs and toads undergoes 
many rapid changes. These changes occur in larval organs, such as some larval organs 
are lost and some undergo extensive modifications ; as a result, tadpole converts into a 
young frog and toad. Metamorphosis generally occurs in a temperature between 20° 
to 25 C. During metamorphosis ecological, morphological, physiological and 
biochemical changes occur towards the end of larval period. 


(i) Ecological changes :In amphibians (Frogs and Toads) metamorphosis is 
associated with a transition from an aquatic to a terrestrial mode of life. As a result, 
there is a change in the feeding habit. Vegeterian habit of tadpole is converted to 
carnivorous habit of the adult. 

(ii) Morphological changes : The changes in the morphology of the larval tadpole 
during metamorphosis are in part regressive and in part progressive. Some of the 
regressive metamorphic changes are the long tail along with the fin of the tadpole 
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gradually reduces and ultimately disappears ; external gills are reabsorbed and gill 
clefts are closed, the homy teeth of the perioral disc are shed off, the shape of the 
mouth changes and the gut shortens, 


Fig. 2.13 : Showing the Progressive metamorphosis in Toad. 

Some of the progressive metamorphic changes are as follows: Two pairs of 
limbs are developed ; tympanic membrane of the middle ear develops ; the tongue is 
developed from the floor of the mouth cavity and the lungs are developed along with 
the modified vascular system for pulmonary respiration. 

(iii) Physiological and biochemical changes : Endocrine function of the pancreas 
Starts at metamorphosis and the liver converted the glucose into glycogen. During 
metamorphosis there is a profound change in the nitrogen metabolism where urea is 
mainly produced in the adult instead of ammonia in the larval stage. The larval 
haemoglobin is replaced by adult haemoglobin. Visual pigments of the larva are also 
being changed from porphyropsin into rhodopsin in the adult, 

[b] Role of Hormone in Progressive Metamorphosis : 

There are different hormones in the metamorphosis of tadpole larva into adult toads 
and frogs in the amphibian group. Metamorphosis of tadpole larva involves neuro- 
secretory cells of hypothalamus of brain and the pituitary and thyroid, two endocrine 
glands. Most probably the metamorphosis starts by environmental information which 
affects the larval brain through nervous system and the hypothalamus integrates the 
information. As a result, the neurosecretory cells in the hypothalamus are stimulated 
and produce thyroid-releasing factor. This thyroid releasing factor stimulated the 
pituitary (anterior) gland which releases thyroid stimulating hormone. (TSH) This 
hormone stimulates thyroid gland and the thyroid gland secretes two hormones, suchas 
T, and T,. Both the hormones enter the blood circulation and their amount gradnally 
increases. The increased amount of thyroid hormones causes the orderly sequence of 
tissue changes that transform the tadpole larva into the adult toad and frog. At the same 
time, a prolactin inhibitor is secreted by the hypothalamus, as a result prolactin 
concentration decreases and growth of larva declines and metamorphic changes occur. 
© Retrogessive Metamorphosis of Chrodate 

The developmental process that transforms an advanced larva of ascidians, such as 
Herdmania, Ascida, Ciona (lower chordates) into the primitive adult is known as 
retrogressive metamorphosis. 


1444 A TEXT BOOK OF BIOLOGY 


The free swimming active larvae possess basic Chordate characters, such as 
notochord, dorsal tubular nerve cord and gill slits that metamorphosed into adult. This 
adult becomes fixed on the substratum and lost the locomotory organs as well as all the 
basic chordate characters except the gill slits. Hence the adult ascidian does not at all 
appear as a chordate. So the adult appears as a degenerated form. 

Role of Hormone in Retrogressive Metamorphosis : 

Rotrogressive metamorphosis in Ascidian larva is the mainly caused by hormone 
of the thyroid gland. 

[B] METAMORPHOSIS IN INSECTS 

1. Hemimetabolous (Incomplete metamorphosis): There are some insects where 
gradual or incomplete metamorphosis occurs. This type of gradual or incomplete 
metamorphosis is known as hemimetabolous. Here the newly hatched young 
organism looks similar to adult but lacks wings and external genital appendages. 
This immature stage is known as nymph. Nymph and adult both are terrestrial. Nymph 
gradually develops wings through several moults and inerease in size. Thus it becomes 
winged adult. This type of metamorphosis occurs in Cockroach, Grasshopper, Cicada 
etc, 

There are some insects which lay their eggs in water and hatched immature creatures 
known as naiads, The aquatic naiads have tracheal gills for respiration where as their 
adults are terrestrial, Naiads are externally dissimilar to the adults. Gradually by 
successive moults the winged adults are developed. Examples : Mayfly, Dragonfly, 
Stonefly etc. 

In hemimetabolic insects the following stages are present, such as egg > nymph 
or naiad — adult. 

2. Holometabolous (Complete metamorphosis) : Insects which are undergoing 
four developmental stages, such as egg, larva, pupa and adult are know as 
holometabolous or Complete é 
metamorphosis. Near about 
88%insects are holometabolous. 

From the egg, larva is hatched 
and the hatched immature larva is 
wingless and worm like. It is 
dissimilar from the adult one. This 
immature larva moults several 
times to become a fully grown one. 
Larval stage eats voraciously. Then 
the mature larva forms a pupa 
which neither moves nor feeds. Pupa remains within a secreted case known as puparium. 
Moth and butterfly larvae spin a cocoon and pupate within the cocoon. Then the pupa 
differentiates into the young adult and comes out after breaking the puparium or cocoon. 
Young adult grows to a mature form. Examples: Moth, Butterfly, Flies etc. 


© Role of Hormone in Insect Metamorphosis 


Fig. 2.14 : Showing Holometabolous metamorphosis in 
Butterfly. (A)—Eggy(B)—Larva, (C) —Pupa, (D) Adult. 


In insects, the main hormone producing structures are Corpora cardiaca, Corpora 
allata and prothoracic glands. The role of the various hormones in moulting and 
metamorphosis which are secreted from endocrine glands of insects are given below. 
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1, Brain hormone (Thoracotrophic hormone) ; Neurosecretory cells of the brain 
secrete the ‘brain hormone’ which is carried to the corpora cordiaca from where this 
hormone is released into the blood. It stimulates the thoracic glands. Hence this hormone 
is also called as thoracotrophic hormone, 


NEURO-SECRETORY 
CELLS 


CORPUS CARDIACUM 
BRAIN HORMONE CORPUS ALLATUM 
( THORACOTROPHIC. 
HORMONE ) 


PROTHORACIC 
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OR ECDYSONE EPIDERMAL 
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Fig. 2.18 : Showing endocrine control: growth; moulting and metamorphosis tn the holometabolic insects 

- z 2. Eedysone : As a result of 
10DAYS. 12DAYS 14DAYS. 16 DAYS | stimulation to the thoracic glands a 
hormone is produced known as 
Ecdysone or Prothoracie gland 
hormone. This hormone acts on 
epithelial cells and initiates moulting 
or ecdysis ; so this hormone is also 
known as moulting hormone. 

3. Juvenile hormone : This 
hormone is secreted by the corpora 
allata; As it ensures the retention of 
juveline characters, so this hormone is 
known as juvenile hormone. This 
hornone maintains the larval state so 
that the larval growth continues and 
Fig. 2.16 : Showing the direct development inhibiting metamorphosis. So it 

in, higher vertebpnig, controls the growth and moulting. But 


1446 A TEXT BOOK OF BIOLOGY 


withdrawal of juvenile hormone initiates metamorphosis. We can say that the juvenile 
hormone controls the growth, moulting and onset of metamorphosis of insects, 

III Direct development: When an embryo develops into a young animal that 
almost resembles the adult in an appearance but smaller in size, this type of development 
is called direct development. There is no larval stage in direct development. In reptiles 
and birds, after the completion of embryonic growth the young ones hatch out by 
breaking of the shell. In mammals the baby comes out due to contraction of the uterus. 
Although those babies are small in size, yet they have similarity with their parents, 


2.13. Growth of the Young Animals 


After birth the growth becomes rapid and gradually the young animal develops into 
a matured stage. The animal develops upto a certain age and them the growth becomes 
slower. But in fishes and in certain reptiles the growth continues till their death. 


2.13.1. REGENERATIVE GROWTH 


A process by means of which the organisms replace the lost or injury part of the 
body is known as regeneration. Generally this type of development is present in the 
lower groups of animals. Invertebrate animals like sponges, Hydra, Planaria, earthworm 
etc. can regenerate their lost or damaged part by mitotic cell division, Starfish, Crab 
etc. have the ability to regenerate their lost arm or leg. Among the vertebrates 
salamanders and lizards can regenerate their lost part. If a portion of their tail is lost 
under stress, the lost portion of the tail is regenerated. Birds and mammals have the 
ability to repair and healing of wounds. 

2.13.2. GROWTH IN MAN 

The growth and development of man is basically the same to that of other mammals. 
The growth and development take place by two steps, such as (i) embryonic growth 
and (ii) post embryonic development. The embryonic growth takes place inside the 
uterus. The postembryonic development starts after the birth of the baby. The rate of 
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Fig. 2.17 : Diagrammatic representation of development 
and proportionate changes in the human body. 
growth is very rapid after birth. But the growth rate of the different parts of the body 
such as head, neck, thorax, leg etc. does not occur uniformly. In one word we can say 


GROWTH, METAMORPHOSIS AND AGING 1447 


that the rate of growth of different parts of the body are different, In new born baby, the 
head is disproportionately bigger than the rest of its body, Subsequently the rate of 
growth becomes faster in trunk and limbs than that of head region. Usually the growth 
declines after the age of 18 years and ceases at the age of 22, i.e. after maturity the 
growth stops. Though the regenerative growth continues till death particularly in relation 
to healing of wounds. 

In growth and development, the Somatotrophic hormone (STH) of pituitary gland 
and thyroxine hormone of thyroid gland are playing a very important role. These two 
hormones enhance the growth rate of the the body till puberty. 

Table 1: Differences between Development and Growth 


Development 


. By this process the zygote gives rise 
to embroyo, i.e. occur before birth. 
2. It occurs with certain definite steps. 


1. By this process the young stage is 
transformed into matured or adult stage. 

2, It occurs from birth and continues till 
death. 

3. It generally occurs through cell division 
and cell prolongation. 


3. It takes place through cell division, 
cell differentiation and ends with the 
appearance of organs. 


2.14. Senescence and aging of Plants and Animals and its Factors 


Definition of senescence and aging: It may be defined as the progressive 
deterioration, with the passage of time, of the structures and functions of a fully efficient 
mature organism, This ultimately culminates to the death of the organism. 

Explanation and facts : 

The effects of aging vary widely from one living organism to another living organism. 
In the bacteria, the process of senescence and aging does not even occur, When a 
single celled bacterium is fully grown then the cell divides and give rise to two cells. 
This process repeats again and again. So there is no death because of aging. Hence the 
bacteria are potentially immortal. Generally all other kinds of unicellular organisms 
are behaving the same way as in bacteria, i,e. there is no aging. 

Though multicelluar organisms are mortal yet there are some organisms which 
avoid the process of aging. Their is no aging symptoms in some sea anemones (animals) 
though their length of life (78 years) is remarkably long. This group of animals achieve 
their long life and avoid senescence and aging by periodically replacing all old body 
parts, 

In animal kingdom, many fishes and reptiles are continued to grow throughout 
their lives ; thus they are avoiding aging symptoms. Their death are caused by disease 
and predation. 

Woody perennial plants produce new vascular tissues, leaves and flowers each 
year, These plants do not show signs of senescence and aging; though their rate of 
growth decreases with advancing years. 

The process of aging starts during fruiting of annual plants. During this period, the 
rate of growth slows down and ultimately stops. After the growth stops, the annual 
plants show the manifestations of aging. Manifestations of aging are— Chlorophyll 
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disappear from the leaves, catabolism markedly rises and many other morphological 
changes follow. 

Mammals grow to a certain size and then stop. Alter the cessation of growth, aging 
begins. The actual time span of aging varies widely from species to species. In man, 
the structural and functional deterioration occurs between 30 and 75 ages. 


Manifestations of senescence and aging in Man : 


(a) Early stages— 

1. Wrinkle skin. 

2. Grey hair. 

3. Decrease of pumping of blood from the heart and reduction of lung capacity, 

4. Decrease of digestive power due to inefficient action of digestive enzymes. 

5. Decrease of glomerular filtration rate resulting in water retention, 

6. Reduced function of reproductive system. 

(b) Later stages: 

1. Muscular weakness due to the replacement of muscle fibres by connective tissue. 

2. Hardening of arteries 

3. Progressive atrophy of the bones and other tissues, 

4. Reduction of sensory power with slower reaction and mental senility. 

Many organs of the body lose weight with aging and many organs lose function 
due to their cells are no longer dividing actively, such as heart, kidneys, muscles and 
brain. On the other hand, there are some organs where the cell division is actively 
maintained, show far less decrease of function with age; such as pancreas, liver and 
bone marrow. 

Factors of senescence and aging : 

What are the factors that cause the degenerative changes of senescence and aging ? 
There is no simple answer to this question. Most biologists accept the idea that aging 
results from an interaction of both hereditary and environmental factors. Environmental 
factors are concerned with the effects of radiation (Cosmic rays, X-rays) on the genes 
and chromosomes. Radiation-induced mutations in the somatic cells (body cells) cause 
the affected cells to cease functioning properly and even death may occur to the cells. 

But in short we can say that senescence and aging are caused by the gradual 
accumulation of genetic and biochemical defects. Some of these ‘defects are given 
below. 

1. Defects in protein synthesis: In the old age, there are changes in the metabolic 
processes due to defects in the synthesis of protein. There are three main causes of 
defects of protein synthesis, such as (i) decrease in efficiency of mitosis, (ii) errors in 
genetic code and (iii) de-repression of genes. 

(i) Decrease in efficiency of mitosis :In aged individual the efficiency gradually 
decreases in the mitotic cell division ; as a result, abnormal chromosome constitutions 
are observed in the danghter cells. These abnormalities in the danghter cells arise as a 
result of aberrations in the division of the somatic cells. These aberrations are known 
as somatic mutations. Example: aged persons have one or more malfunctions of the 
liver due to changes in cell function. Chromosome abnormalities of the liver due to 
changes in cell function. Chromosome abnormalities are specially present over the age 
of 45. 
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(ii) Errors in genetic code : Protein synthesis in the dividing cells may be defective 
due to errors in the functioning of genetic code. Evidence suggests that the defective 
functioning of cells in aging persons is mainly due to errors in transcription and 
translation of the code rather than to changes in the DNA. 

(iii) De-repression of genes : Genes which have been withdrawn their functions in 
a fully differentiated cell may suddenly start their functioning again. Such de-repression 
of genes will produce defective proteins. This is the third error in protein synthesis of 
aged individuals. 


2. Degeneration of body cells: In certain tissues of the body new cells are always 
produced by mitotic cell division throughout life. Hence dead cells are replaced by 
new cells, such as skin. But there are some tissues where replacement of cells does not 
occur, such as in muscle and nerve. Such degeneration of body cells is the major cause 
of senescence. 


3. Chemical changes in protein : It has been observed that in senescence, connective 
tissue and muscular structures are failed to work properly due to the chemical changes 
of their protein molecules, such as in collagen and elastin. As a result, there is hardening 
of arteries. Hardening becomes more due to deposition of cholesterol and lipid in the 
connective tissue. 

4. Error in homeostasis : It is a fact that the ability to maintain homeostasis declines 
in aging persons. The sugar content of blood is the same in both young and old persons. 
But a slight disturbance in blood sugar causes a greater shift to the values in the old 
person than in the young ones, However, it takes longer period to restore homeostasis 
in aging person. 

5. Immunological factor of aging: It is observed that aged people produces 
antibody agninst their own antigen. This is known as auto-immunity The fact is that in 
aged person proteins are wrongly synthesized in cells. Hence these molecules are 
abnormal which are treated as foreign material and attack them accordingly. Another 
fact, is the suppressor T-lymphocytes. Normally T-lymphocytes prevent auto-immunity. 
But in aging persons, T-lymphocytes stop functioning properly: As a result, the cells 
are destroyed in aging person. 


2.15. Pheromones : 


Definition: Pheromones are chemical substances which are produced by one 
animal from their exocrine glands and released into the external environment for 
influencing the behaviour of another animal of the same species. 


Function : 

1. Pheromones are used for marking out territory in mammals. 

2. It is used for bringing the sexes together for mating, i.e. sex attractants as in 
mammals, insects and many other species. 

Female cockroach secretes pheromone from the surface of the body which stimulates 
males for mating. 

3. In social insects, pheromones are helping in the development and behaviour of 
the different castes in the insect colony as in bees. 

4. In case of ants, pheromones are helping to collect food by their workers. 
Pheromone of one that attracts and guides other worker ants to the food source. 
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5. During emergeney, an ant secretes pheromone which quickly diffuses in all 
deirections. This chemical is detected by other ants though they are several centimeters 
away from the spot. Then they begin to move towards the disturbed area of their mate. 
If concentration of pheromone is higher, they run about actively towards nest mate 
only to save him from danger. Pheromones are acting as a form of communication 
within a species. 

Table 2. Differences between Hormones and Pheromones : 


Pheromones 


Hormones 


Pheromones are secreted by exocrine 

glands. 

2. They are Chemical substances which 
are released into the external 
environment of the body. 

3. Pheromones are chemical coordinators 

that provide a means of communication 

with other members of the same 
species. 

4. Pheromones are liberated mainly from 

insect species although few 

pheromones have found in mammals 
and other animals. 


. Hormones are secreted by endocrine 

glands. 

2. They are Chemical substances which 
are released into the internal 
environment of the body. 

3. Hormones co-ordinated many activities 

of the internal Organs as Chemical 

messenger. 


4. Hormones are liberated to all 
Vertebrates and many of the higher 
invertebrates. 


2.16. Matters To Recollect 


Growth is irreversible increase in dry weight. 

Differentiation is formation of specialized cells from existing undifferentiated cells. 
Morphogenesis is formation of organ from aggregation of tissues. 

On the basis of nature, there are three types of growth viz. vegetative, reproductive 
and regenerative. 

On the basis of multiplication, growth can be auxetic, multiplicative and 
accretionary. 

Auxetic growth is just growth in volume, multiplicative is growth by division, 
accretionary growth is just division of the totipotent cells. 

Growth can be isometric or allometric on the basis of growth pattern. 

Growth can also be continuous or non-continuous in nature. 

The three phases of growth are cell division, cell elongation and cell differentiation. 
The total period of growth in an organism’s life cycle is known as grand period of 
growth. 

The growth rate plotted in a graph along with time is known as growth curve. 
The growth curve in plants and some animals is Sigmoid or S shaped in nature. 
The growth curve of bacteria and most of the animals is parabolic in nature. 
The factors affecting growth are mainly of two types viz. external and internal. 
The external factors include temperature, light, oxygen, carbon di-oxide etc. 
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The internal factors include nutrition, hormones, enzymes etc, 

The plant growth is restricted to the meristematic tissue regions viz. apical, 

intercalary and lateral. 

Plant growth continues throughout the life and can be divided into primary and 

secondary growth. 

Plant growth can be magnified by 10000 times by crescograph. 

Abscission zone is formed at the base of the leaves or stem. 

Abscission is promoted by abscisic acid and inhibited by auxin. 

Gibberellin was isolated from rice plants injected by Gibberalla fujikuroi 

Gibberellin promotes seedling germination and elongation of internode. 

Photoperiodism denotes the effect of day length on flowering of higher plant. 

Plants can be classified as long day plant, short day plant and day neutral plant. 

Photoperiodic induction depends on a protein pigment phytochrome. 

The effect of low temperature treatment on flowering is known as vernalization. 

Vernalization is mediated by a hypothetical hormone called vernalin. 

Growth in animals takes place throughout the body and the growth is determinate 

type. 

Growth and development takes place in embryonic and post-embryonic stages. 

Post-embryonic development occurs either directly or indirectly. 

In man, growth ceases at the age of 22. Though for healing purpose the regenerative 

growth takes place. 

«x Indirect development takes place by metamorphosis. Metamorphosis mainly takes 
place in toads and frogs as progressive metamorphosis and in lower chordate as 
retrogressive metamorphosis and among the insects hemimetabolous and 
holometabolous are of two types. 

«x Metamorphosis is mainly controlled by thyroxine hormone of thyroid gland in case 
of chordates and among insects, metamorphosis occurs by three hormones, such 
as brain hormone, ecdysone and juvenile hormone. 

sr Senescence and aging occur by environment and heredity. Factors are defects in 
protein synthesis, degeneration of cells, chemical changes in protein molocule, 
error of homeostasis and immunological factor. 

sæ Pheromones are secreted by exocrine gland to the environment which are highly 

volatile. These pheromones are mainly acting as communication and mating among 

the individuals of the same species. 
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2.17. Summary 

Growth is a characteristic feature of all living organisms. It is defined as 
irreversible increase in size and dry weight. The formation of some specialized 
cells from simple type of cells is known as differentiation, The formation of organs 
from existing aggregates of tissue is known as organogenesis. Growth can continue 
throughout the life in plants but only for a definite time period in animals, Growth 
can be classifed in various ways like vegetative, reproductive, regenerative or auxetic, 
multiplicative and accretionary or continuous and non-continuous etc. The total 
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period of growth in an organism is known as grand period of growth, which can be 
expressed in various growth curves like sigmoid curve, parabolic curve etc. It 
includes various phases like lag phase, reducing phase, stationary phase efc. 

Growth in plants is only limited to the areas of meristematic tissue. Primary 
growth may either be apical or adventitious in nature. Secondary growth occurs 
from the cambium, lateral in position and can be extraxylary or intraxylary in 
position. 

Plant growth can be measured by various instruments like auxanometer, 
horizontal microscope etc. But it is magnified by 10,000 times by crescograph. 
Abscission means loss of leaves, branches and fruits, it is promoted by abscisic 
acid and and inhibited by auxin. The gibberellin hormone is a phytohormone that 
promotes seedling growth, increases the internode length. The phenomenon of 
photoperiodism demonstrates the effect of daylength period on flowering in higher 
plant and accordingly plants can be classified as short day plant, long day plant and 
day neutral plant. The photoperiodic induction depends on the number of 
photoinductive cycles and influenced by a protein pigment called phytochrome. 
The induction of flowering by low temperature treatment is known as vernalization. 

It is mediated by a hypothetical hormone vernalin. 

The animals grow from all parts but at different rates and paces. On the basis of 
growth rates, growth may be divided into lag period, grand period and stationary 
period. Growth of plants and animals are influenced by external and internal factors. 
In animals, post-embryonic development takes place directly or indirectly. The 
growth of the organism takes place when anabolism dominates over the catabolic 
activity. 

Mainly four types of metamorphosis are observed in animals, Two of which are 
occured among chordates, such as progressive metamorphosis and retrogressive 
metamorphosis. Among insects in invertebrates there are also two types of 
metamorphosis, such as hemimetabolous and holometabolous. 

In frogs and toads thyroxine hormone of thyroid gland is playing a major role in 
metamorphosis. In case of insects, brain hormone, ecdysone and juvenile hormone 
these three hormones are mainly helping in metamorphosis. 

In case of bacteria, the process of senescence and aging does not occur. Because 
the fully grown cell divides and give rise to two young cells. This process of division 
repeats again and again Hence in all kinds of unicellular organisms there is no 
aging. Generally, multicellular organisms as in mammals show senescence and 
aging. In case of man, there is senescence and aging. Wrinkled skin, grey hair, 
muscular weakness, decrease of digestive power, reduced sensory power etc. are 
the manifestations of aging in human beings. Factors which are responsible for 
aging are the defects in protein synthesis, degeneration of cells, inefficiency of 
homeostasis, immunology etc. 

Pheromones like volatile chemical substances are secreted by exocrine glands. 
These pheromones are liberated to the enviroument mainly by insects, mammals 
and other species. Pheromones are acting as sex attractant and communication among 
the individuals of the same species. 


GROWTH, METAMORPHOSIS AND AGING 1453 


2.18. Naming/Discovery/Discoverer 


() Bose, J.C. (1920) developed crescograph for measuring plant growth and 
magnifying it by 10,000 times. 

(2) Garnar and Allard (1922) denoted photoperiodism in Soyabean and tobacco. 

(3) Priestly, J.H. and Wofferder, L.M. (1922) studied the developmental pattem 
of cork cambium in woody plants. 

(4) Kurosawa (1926) denoted gibberellin from rice plant infected with the fungus 
Gibberella fugikuroi. 

(5) Lysenko (1928) denoted vernalization in flowering plant. 

(6) Zimmermann, W.A. (1928) described the vegetative growth in angiosperm. 

(7) Yabuta (1935) gave the name gibberellin. 

(8) Yabuta and Suniki (1938) denoted two classes of gibberellin as gibberellin A 
and gibberellin B. 

(9) Melchers (1939) gave the name vernalin that controls vemalization. 

(10) Esan, K (1941) studied the ontogeny of vascular bundles in monocot plants. 

(11) Mitchell (1950) isolated Gibberellin A. 

(12) Brian eral (1955) purified gibberellin as gibberellic acid 

(13) Wareing et al discovered dornien from birch leaves. 

(14) Corafarth et al denoted abscisic acid. 

(15) Wareing, P.F. and Phillips, I. D. J. (1978) described the various factors 
controlling growth and differentiation in angiospermic plants. 

(16) W. Etkin (1968) : He studied the role of different hormones in metamorphosis. 

(17) Turner and Bagnara (1971): They studied and observed that the biosynthesis 
of urea from bicarbonate and ammonia involves a number of enzymes and their activity 
which is found to be related with the level of thyroxine hormone in blood. 

They also observed that during metameorphosis larval hacmoglolain as replaced by 
adult haemoglobin. 

(18) Brown et al. (1959) : The production of urea depends upon enzymes of the 
arginine-ornithine cycle. 

(19) Grant (1978) : He studied that metamorphic cell death as well as cell 
proliferation and cell differentiation require a genetically determined synthesis of specific 
hydrolytic enzymes. 

(20) Kent (1987) : He studied and observed that in peripheral tissues, T, hormone 
is converted to T, hormone. This T, hormone is the biologically active form of thyroid 
hormone. 


2.19. Answers to Special Questions 
[1]. (a) What is growth ? (b) What is dormancy of seeds ? IJ. E. E. 1995, 98 
Ans. (a) Growth is irreversible increase in dry weight, volume and dimension of an 
organism. i 
(b) It is the resting condition of a seed when the metabolic rate is very slow 
particularly observed when the conditions are unfavourable for germination. 
[2] What is development 2 
Ans. The sequence of physiological processes involving cell division, cell maturation 
and cell differentiation. 
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[3] 
Ans. 


14 
Ans. 
[5] 
Ans. 


[6] 
Ans, 
17 


Ans. 


Ans. 


[9] 


Ans. 


[10] 


Ans. 


11 


Ans. 
[12] 
Ans. 


[13] 
Ans. 
[14] 
Ans. 


[15] 
Ans. 


[16] 
Ans. 
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What is Crescograph ? 

The instrument designed by Sir J.C. Bose for measuring plant growth, can 
magnify plant growth upto 10000 times. 

What is Auxanometer ? 

The common apparatus for measuring axial growth of stem. 

What is cork ? 

The suberised extrastelar parenchymatous tissue present in the secondary cortex 
of trees. 

What is Auxetic Growth ? 

The growth which involves increase in volume is called Auxetic growth. 
What is Periderm ? 

The secondary epidermis of tree consisting of inner phelloderm, middle phellogen 
and outer phellem. 

What is log phase ? 

The phase in plant growth where the plant grows at a rapid rate. It is also called 
exponential phase. 

What is regenerative growth ? 

The growth by which the damaged part are repaired is called regenerative 
growth. 

What is grand period of growth ? 

The total period of growth in an organism involving the lag phase, log phase, 
reducing phase and stationary phase respectively. 

How growth of unicellular bacteria grown in liquid medium determined ? 

[J.E.E. 1998] 

By counting the number of colonies per ml.of the medium. 

How is abscission zone formed ? 

Abscission zone is formed at the base of petiole or fruit stalk by dissolving of 
calcium pectate, in the middle lamella. Thus the cells lose their mechanical 
strength and they fall off. 

How abscission is promoted and inhibited ? 

Abscission is promoted by the action of abscissic acid, while it is prevented by 
auxin. 

How is abscission beneficial to plants ? 

Abscission helps in the loss of worn out leaves, fruts. During dry season, the 
shedding of leaves prevents loss of excess water by transpiration and thus 
dessication is prevented. 

What is Bakanae disease ? 

Bakanae disease of rice plant is caused by the fungus Gibberella fugikuroi, it 
results in the increase in the length of internode, by which the length of the 
internode increases, the rice plants become very tall and ultimately breaks and 
dies. 
What is photoperiodic induction ? 
The exposure to light inductive cycles result in the flowering in higher flowering 
plant. This impact of photoperiod on flowering is known as photo- periodic 
induction. 
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[17] What are phytochromes ? 

Ans. Phytochromes are protein pigments that control photoperiodic induction in higher 
flowering plants. They exist in two different forms, namely P, and P,, or 
phytochrome-red and phytochrome-far red. The P, on absorbing red light 
changes to P/ and vice versa. 

[18] What is larva ? 

Ans. Larva is the pre-adult form or the immature living stage in the life cycle of 
various animals which gives rise to the adult stage by undergoing metamorphosis. 
Example : Caterpillar of butterfly and tadpole larva of frog. 

[19] What is metamorphosis ? IJ. E. E. 1994] 

Ans. The phenomenon of rapid transformation taking place in the structure of 
individuals during development accompanied by equal rapid changes in their 
mode of life is known as metamorphosis The term has been derived from greck 
word, meta (change) and morph (form) designating a change of form. 
Example : Common in arthropods and amphibians. 

[20] Distinguish between larva and nymph : 


1. Nymph generally resembles the adult 
except for its small size and lack of 
wings. 

2. Incomplete metamorphosis occurs in 
nymph, 

3. Example : Insects like cockroach, 

grasshopper etc. 


1. Larva is distinctly different from adult. 


2. Larva is trans formed to adult through 
complete metamorphosis. 


3. Example: Common in insects. 


[21] What is complete metamorphosis ? 

Ans. In complete metamorphosis the larva is metamorphosed to adult through pupal 
stage, i.e. pupal stage is present. e.g —Insects like butterfly, moth ete. 

[22] What do you mean by discontinuous growth ? 

Ans. Growth pattern occurs in spurts interrupted by a series of moults due to the 
inelastic nature of the exoskeleton is known as discontinuous growth. 
Example: Crustacea and in certain insects. 

[23] What are the advantages in larval form ? 

Ans. [i] Larvae generally act as a dispersal phase particularly for the sessile animals. 
[ii] Larvae generally occupy a different habitat from the adult and have different 
feeding habits, forms of locomotion and behaviour patterns which enable the 
species to exploit two ecological niches during the life cycle. 

[iii] Physiological hardiness of the larvae allows them to remain as a dormant 

stage during adverse conditions. 

[iv] Larvae may provide an opportunity for the numbers to the increased. 
[24] What is incomplete metamorphosis ? Give example. IJ. E. E. 1994] 

Ans. Incomplete metamorphosis means hemimetabolous or direct 
metamorphosis. In the developmental stage of certain insects there appear larval 
or nymphal stage. Nymphs or larvae hatch in a form which generally resembles 
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[25] 
Ans. 


[26] 
Ans. 


[27] 


Ans. 


[28] 
Ans. 


[29] 
Ans. 


[30] 


Ans. 
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the adult except for their small size and lack of wings and genetalia, but in 
addition they usually show some other features which are characteristic of the 
larva or nymph and which do not occur in the adult! At the final moult or last 
instar these features are lost. This phenomenon of metamorphosis by moulting 
without any pupal stage is known as incomplete metamorphosis. 
Example : Gasshopper, Cockroach etc. 
What is retrogressive metamorphosis ? Give example. [J.E.E. 1994] 
It is a special type of metamorphosis in the life cycle of certain individuals, in 
which certain advanced characters shown by the larva disappear in the adult 
leading towards the simplification of its organisation. Certain larval organs 
such as notochord, nerve cord, cerebral vesicle, tail etc. are degenerated during 
metamorphosis to assume the adult form. 
Example: Ascidian larva. 
What is neoteny ? Give example. 
Attainment of sexual maturity at the larval stage is known as neoteny. Here 
metamorphosis does not occur due to failure of pituitary gland to secrete thyroid 
stimulating hormone (TSH). The’ larva retains the larval characteristies such as 
external gills, tail fins and light colouration. 
Example: Mexican Axolotl larva of Amblystoma mexicanum. 
What is diapause ? Give examples. 
Diapause is a condition where development is arrested. This is also applied in 
case of period of inactivity. This condition occurs in encysted cysts of 
protozoans and eggs of insects. Diapause may be obligatory or facultative. When 
there is always a period of diapause that is known as obligatory diapause as in 
Nomadacris (locust insect). When there is diapause only in unfavourable 
conditions that is known as facultative diapause, as in Schistocerca (locust). 
The factors that induces the diapause are the photoperiod (daylength), food 
availability, temperature and moisture. In silkworm (Bombyx mori), the diapause 
is induced by photoperiod. 
What is aestivation ? Give examples, 
Aestivation (aestas = summer) is a form of dormancy of adult animals in response 
to hot dry periods. It is also regarded as summer sleep. Certain aquatic animals 
bury themselves in mud at the onset of summer and undergo a period of metabolic 
inactivity. As a result, they can survive during this extreme dehydration condition. 
Examples : Lepidosiren, a lungfish of South American river and Protopterus, a 
lungfish of African river aestivate for six months. 
What are the hormone producing structures in insects ? 
There are three pairs of hormone producing strnctures, such as (i) Corpora 
cardiaca (ii) Corpora allata and (iii), Prothoracic glands. 
Mention the name of hormones and their functions in insect 
metamorphosis. 
(i) Thoracotrophic hormone (ii) Eedysone (prothoracic gland hormone) and 
(iii) Juvenile hormone. 
Functions : 
(i) Thoracotrophic hormone (Brain hormone) : This hormone is produced by 
neurosecretory cells of the brain of an insect and carried to the corpora cardiaca. 
This hormone stimulates the prothoracic gland. 
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(ii) Eedysone: The stimulated prothoracic glands produce a hormone which is 
known as ecdysone or prothoracie gland hormone. This hormone helps in 
moulting. 
(iii) Juvenile hormone : This hormone is secreted by the corpora allata. This 
hormone controls the growth, moulting and onset of metamorphosis. 

[31] Mention the manifestations of senescence and aging of a man. 

Ans. In the carly stages of manifestations : 
(i) Wrinkled skin, (ii) grey hair, (iii) efficiency of pumping of blood reduces (iv) 
reduction of lung capacity (vi) decrease of glomelural filtration ete. 
Later stages of manifestations : 
(i) Muscular weekness, (ii) hardening of arteries, (iii) atrophy of bones, (iv) 
mental senility. 

[32]. What is pheromone ? Mention its function. 

Ans. Pheromone is a volatile chemical substance which is produced from exocrine 
gland and released to the external environment. Main functions are the sex 
attractants and communication within the individuals of the same species. 


eS ma mm mm m m a a o aa e 


@ A. Essay type /Long Answer type : 


I What is the definition of growth ? Write briefly on the differences between growth of plant and animal 
Write three internal and three external factors, conditioning the growth of plant. 

(Ans. 2.1.1, 2.7, 2.8) 
12]. What is growth ? What are the factors controlling growth of plants? What is grand period of 
growth of plants ? (Ans, 2.1.1, 2.5, 2.4) 

{3] What is growth ? Describe the functions of the factors on which growth of plants depend ? 
(Ans, 2.1.1, 2.8.) 
[4] What is growth ? What is dormancy of seed ? How is growth measured is unicellular bacterium 


grown in liquid medium ? JE. E. 1995] (Ans. 2,19) 
[5] Destribe the factors controlling growth of plants. (Ans. 2.5) 
[6] What are the different types of growth observed in plants? (Ans. 2.6.3.) 
{7] What is abscission ? How is it controlled ? (Ans. 2.8, 2.8.1, 2.8.2) 


18} What is abscisic acid ? What is its chamical nature ? What are its functions 7 (Ans. 2.8.3.) 
[9] What is gibberallin ? How is it synthesized ? How is it used to promote the growth of seedling ? 
(Ans, 2.9, 2.9.1) 
{10} What is photoperiodism ? How plants are classified on the basis of photoperiodism ? 


(Ans. 2.10) 
[11]. What is meant by photoperiodic induction ? What is the role of phytochrome in this induction ? 
(Ans, 2.10) 
[12] What is vernalization ? How is it controlled in flowering plants ? (Ans. 2.11.) 
[13]. Compare the growth of an animal and a plant. Describe the factors influencing the growth of an 
animal. (Ans. 2.7.2.8) 
[14] What is metamorphosis ? How many types of metamorphosis are found in animals ? Describe any 
one type of metamorphosis with an example. (Ans. 2.12.4) 

[15] What is progressive metamorphosis ? Describe the changes during its metamorphosis. 
(Ans, 2.12.4) 


16 What do you mean by holometabolous ? Write what you know about the role of hormone in 


holometabolous. (Ans. 2.12.4) 

[17] What is senescence and aging ? Explain the factors of senescence and aging (Ans. 2.14) 

{18} | Define pheromones. Describe the role of pheromones in inscets and mammals, (Ans. 2.15) 
© B. Short Answer type: 

[1} Mention the growth areas in plants. (Ans, 2.6.2) 

[2] What is sigmoid curve ? 3 (Ans. 2.4.1) 

{3] Mention the role of nutrition in growth ? (Ans. 2.5) 
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[4] What is determinate growth ? (Ans. 2.2) 
[5] What is indeterminate growth 2 (Ans, 2.2) 
[6] What is regenerative growth ? . (Ans. 2.2) 
17] What is lag period ? (Ans. 2.4) 
{8] What is stationary period ? (Ans. 2.4) 
19] How growth occurs? (Ans. 2.3) 
{10] What is auxetic growth ? (Ans. 2.2) 
[11] What in the role of heredity in growth ? (Ans. 2.5) 
112] Mention the site of growth in plants. (Ans. 2.6.3) 
[13] What is reproductive growth in plants? (Ans. 2.2) 
[14] What is grand period of growth ? (Ans. 2.4) 
[15] What are the instruments used in measuring plant growth ? (Ans. 2.6.4) 
[16] What is abscission ragion ? (Ans. 2.8.2) 
[17] State the role of auxin in controlling abscission. (Ans. 2.8.2) 
{18] What is abscisic acid? (Ans. 2.8.3) 
[19] How gibberellin was discovered ? (Ans. 2.9) 
120 How is gibberallin synthesized ? (Ans. 2.9) 
121] State the role of gibberallin in seed germination. (Ans. 2.9.1) 
(22] How is stem elongation brought about by gibberellin 2 (Ans. 2.9.1) 
[23] What is photoperiodism ? (Ans. 2.10) 
[24] What are S.D.P and L.D.P. ? (Ans. 2.10) 
251 What is phatoperiodic induction ? (Ans. 2.10) 
{26] What is phytochrome ? How is it interconvetted ? (Ans. 2.10) 

1271 State the importance of photoperiodism. (Ans. 2.10) 

{28] What is vernalization ? (Ans. 2.11) 

[29] Who denoted vernalization ? (Ans. 2.11) 

[30] What is vernalin ? (Ans. 2.11) 

[31] What is the nature of growth in animals ? (Ans. 2.12) 

{32} What is larva ? (Ans. 2.12.3) 

[33] Name the four larvae in different groups of animals. (Ans. Table 1) 


[34] What are the ecological and morphological changes during progressive metamorphosis of toad ? 
Ans. 2.12.4) 


[35] What is retrogressive metamorphosis ? Cite an example. (Ans. 2.12.4) 
[36] Write down the four manifestations of senescence and aging in man, (Ans. 2.14) 
[37] What is pheromone ? (Ans. 2.15) 
© C. Distinguish between: 
[1] Vegetative growth and Reproductive Growth (Ans. 2.2) 
[2] Determinate and Indeterminate growth (Ans, 2.2) 
[3] Lag period and Grand period (Ans, 2.4) 
[4] Primary and Secondary Growth (Ans. 2.6.3) 
[5] Isometric and Allometric Growth (Ans. 2.2) 
[6] Positive and Negative Growth (Ans. 2.2) 
17] Long Day plant and short day plant. (Ans. 2.10) 
[8] Phytochrome red and Phytochrome far red (Ans, 2.10) 
[9] Hormones and Pheromones (Ans. T. 2) 
[10] Development and growth (Ans. T. 1) 
{11} Larva and nymph (Ans. 2.12.4) 
[12] Direct and indirect development Ans. 2.12.3) 


© D. Write Short Notes on: 


11 Sigmoid Curve(Ans. 2.4.1) [2] Grand Period of Growth (Ans. 2.4) [3] Secondary Growth (Ans.2.6.3.) 
[4] Lag period (Ans. 2.4) [5] Periderm (Ans. 2.6.3.) [6] Growth phases (Ans. 2.4.1) {7] Horizontal 
microscope (Ans. 2.6.4.) [8] Are Indicatar (Ans. 2.6.4) [9] Abscission layer (Ans. 2.8.2) [10] Abscisic 
Acid (Ans. 2.8.3) [11] Foalish seedling disease (Ans. 2.9) [12] Photoperiodism (Ans. 2.10) [13] Short Day 
plants (Ans. 2.10) [14] Long Day plants (Ans. 2.10) [15] Photoperiodic Induction (Ans. 2.10). 
[16] Phytochrome (Ans. 2.10) [17] Vernalization (Ans. 2.11) [18] Vernalin (Ans, 2.11) [19] Larva 
(Ans. 2.12.3) [20] Metamorphosis (Ans. 2.12.4) [21] Retrogressive metamorphosis (Ans. 2.12.4) 
[22] Hemimetabolous (Ans. 2.12.4) [23] Brain hormone (Ans. 2.12.4) [24] Direct development 
(Ans. 2.12.4) [25] Error in homoeostasis (Ans. 2.14) [26] Pheromones (Ans. 2.15) 
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© E. Put v mark on correct answer: 


11 ie ere curve of higher organisms is known as lag period/stationary period/sigmoid curve/grand 
period. 
[2] External factor of growth in Plant is heredity/nutrition/carbon di-oxide/hormone. 
13) Flowers and Fruits are developed by a process of regencrative/vegetative/reproductive growth. 
4 Vegetative growth occurs by cell division/cell clongation/both cell division and cell elongation, 
I5] Abscission in plant is promoted by TAA/GAJABA, 
l6] Abscission in plant is inhibited by auxin/gibberellin/abscisic acid, 
[7] The number of gibberellin molecules denoted are 64/78/98/110 
[8] The exaniple of short day plant is Soybean/tobacco/both. fi 
19] Phytochromes exist in 2/3/4 different forms. 
10% Vemalization is brought about by phytochrome / AA Vernalin 
01) In human body, the growth ceases at the age 20/22/24. 
[12], in the embryonic development of animal there is a single layered stage of gastrula/morula/blastula 
[13] - The larva of Urochordate is known as trochophore/planula/ascidian tadpole, 
[14] Planula is present in the history of crustacea/enidarian/insect. 


© F. Fill up the blanks with suitable words: 


{I} Growth of plant is—but determinate growth is observed in 
[2] The type of development from seedling to a matured plant is called growth 
[3] Second phase of the rate of growth is called 
la In plants and some animals the growth curve is——shaped. 
[5] In bacteria growth curve is—. 
[6] The most important factor controlling plant growth is—. 
7 Abscission leads to the loss of und 
[8] Abscission of leaf is absent in trees. 
[9] _——promotes abscission, while auxin prevents —. 
[10] The other name for abscisic acid is 
[11] The gibberellin hormone is obtained from rice plant infected with—— 
[12] The most important functions of gibberallin includes——elongation, 
[13] Gibberallin induces activation of —that promotes germination. 
[14] -———and———denoted photoperiodism for the first time. 
115] Short day plants require less than———hours of light. 
[16] | The long day plants require more than hours of light, 
[17] Plantago requires———inductive cycles for flowering. 
[18] Phytochrome exists in 2forms viz———and. 
[19] The impact of low temperature on flowering is termed as 
[20] Vernalization is brought about by———. 
[21] The process of development through larval stage is known as 
[22] The postembryonic development in animals occurs in two was und 
[23] The larva of butterfly is called 
[24] In case of unicellular animal growth occurs only by 


© G. Put V Mark on Yes or correct statement: 


[1] Plant Growth has four phases—Yes/No 
[2] The process by which an organism increases in weight is termed as development—Yes/No 
[3] The continuous growth process is called determinate growth—Yes/No 
[4] The first stage of growth is grand period of growth—Yes/No. 
[5] A vertical microscope is used for measuring plant growth—Yes/No. 
[6] Plants can exhibit parabolic growth curve—Yes/No. 
[7] Abscission is more common in deciduas trees Yes/No. 
[8] Auxin promotes the action of abscission—yes/No. 
[9] ABA prevents abscission in plant Ves No. 
[10] Darmin is the other name for abscisic acid Ves / No. 
[11] Yabuta denoted gibberellin for the first time—Yes/No. 
[12] Giberrellin promotes elongation of the node~Yes/No. 
[13] Seed germination is brought about by an enzyme a -amylase—Yes/No. 
[14] Photoperiodie induction is independent of phytochromes— Yes/No 
115] The red light has a wave leagth of 730-735m p-Yes/N. 
16] For red light has a wavelength of 660—665m p—Yes/No. 
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Sunflower is a day neutral plant —yes/No. 

Saybean can flower in presence of 2 inductive cycles only.—Yes/No, 
Phytochrome red on absorbing red light changes to phytochrome for red. Ves / No. 
Vernalin is a hypothetical hormone. Ves / No. 

The larva of Lamprey is known as ascidian tadpole—Yes/No. 

Tadpole is the amphibian larva—Yes/No. 

Growth in animals takes place in all parts of the body—Yes/No. 

Direct development takes place in moth—Yes/No 


Answers to Q Nos E, F and G 


(1) Grand period (2) Carbondioxide. (3) Reproductive: (4),cell division and call elongation. (5) ABA 
(6) auxin. (7) 110, (8) both (9) 2. (10) vernalin, (11) 22 (12) blastula (13) ascidian tadpole (14) cnidarian. 
(1) Indeterminate, animals. (2) Multiplicative (3) log phase (4) S (5) parabolic (6) light. (7) leaves, 
fruits. (8) evergreen. (9) Abscisic acid, absciszion. (10) Dormin. (11) Gibberella fujikuroi: (12) intemode. 
(13) a-amylase. (14) Garnar, Alard. (15) 8—10.(16),14—16.(17) 25. (18) red, far red (19) vernalization 


(20) vernalin. (21) indrect deveiopment (22) direct, indirect (23) Caterpillar. (24) volume, 
(1) Yes. (2) No. (3) No (4) No (5)No (6)No (7) Yes (8)No (9)No (10) Yes.(11)No (12) Yes 


(13)Yes (14)No (S) No (16)No (17) Yes (18) Yes (19) Yes (20) Yes. 21) No (22) Yes (23) yes 
(24) No. 


APPENDIX | 3 | 


General Idea about Tissues 
in Animal 


Topics discussed : Introduction, definition, classification of tissues, epithelial tissue, 
classification of epithelial tissue, simple epithelial tissue, pseudo-stratified epithelium, 
stratified epithelium ; connective tissue, classification of connective tissue, connective tissue 
proper, comparison of white fibrous tissue and yellow elastic tissue, supporting tissue, osseus 
tissue, cartilage tissue, comparison of bone and cartilage, fluid connective tissue ; muscular 
tissue, classification of muscular tissue; nervous tissue. 


3.1 Introduction 


The body of the multicellular animals like man and other vertebrates are composed of 
millions of cells. The cells of those animal bodies vary in structure and functions. It is 
seen that all the cells of a body are not doing all the functions ; rather one type of cells 
performs one kind of function. When a group of cells having doing the same function 
then a structural similarities have developed among themselves. So to perform all the 
physiological functions harmoniously in a body, divisions of labour have been taken 
place within the millions of cells. This type of aggregation of cells having similar in 
structure and function is known as tissue. Different types of tissues combine to form an 
organ and different types of organs are collectively to form a system. All the systems are 
combined to form an animal body. So the basic knowledge about the different types of 
tissues are essential only to understand the structure and function of an animal body. 

Human Blood groups and immunity both are discussed in second paper of physiology 
section. 


3.2 Definition of Tissue 


A group of basically similar cells in a ground substance having derived from the 
same, source and performing the same function, is known as a tissue, 


Table 1 
Distinguish between cell and tissue 


Cell — Tissue 

1. A tissue is composed of group of cells 
in a ground substance with same origin 
and function. 

2. A cell is a structural unit of higher | 2. Tissue is a part of the organisation. 

organism. 


3.3 Classification of Tissue 

The human body and the body of other vertabrates are composed of different types 
of tissues. These elementary tissues are mainly classified into four distinct groups on the 
basis of their structural and functional similarities and differences. These groups are 
mentioned below. 


1. A cell is composed of organic and 
inorganic materials. 
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Structure : The cytoplasm is granular. The nucleus is generally round and is situated 
at the centre of the cell. 

Distribution : This type of epithelium is 
distributed in (i) bronchioles (respiratory), 
(ii) digestive glands (gastric), (iii) salivary 
glands, (iv) thyroid gland, (v) collecting 
ducts and proximal convoluted tubules of 
kidney, (vi) hepatic lobule, (vii) germinal 


epithelium of ovary etc. Nucleus Cytoplasm 
Function ; (i) This tissue is acting as : 
protective layer ; (ii) it also helps in secretion 3.2 : Cubical epithelial tissue 


of gastric juice, hormones and also helps in absorption and excretion. 
Table 3 
Distinctive features between cubical and columnar epithelial tissues 


Cubical epithelium 

1. Structure: 

(i) The cells of the cubical epithelium 
are like cubes. 

(ii) Striations are absent. 

(iii) There is round nucleus. 

(iv) Nucleus is centrally placed. 

2. Distribution : 
Salivary glands, thyroid gland, 
bronchioles, collecting ducts and 
proximal convoluted tubules of 
kidney, hepatic lobule and germinal 

epithelium of ovary. 

Function: 

Protective function, secretion, 

absorption and excretion. 


Columnar epithelium 


1. Structure: 

(i) The cells are tall and elongated where 
height is more than its breadth. 

(i) The broader free ends are striated. 

(iii) There is oval nucleus. 

(iy) Nucleus is placed near the base. 

2. Distribution : 

“Inner lining of stomach, intestine, 
Tespiratory tract, gastric and intestinal 
glands. 


3. Function: 
In addition to protection these cells 
perform the functions of secretion and 

absorption. 


¢ [3] COLUMNAR EPITHELIUM : 


Single layer of cells where height is more than 
their breath, is known as columnar epithelium. 
Structure : Cells are tall pillar-like structure. In 
each cell, there is an oval big nucleus which is 
generally placed near the base of the cell. In some 
cases of columnar cells as in smal! intestine, their 
free borders are longitudinally striated and these 
striations are known as brush-border. This brush- 
border under electron microscope appears to be 
finger-like projections and these finger-like Basement 
projections are termed. as microvilli. These Membrane 
microvilli increase the surface area for absorption. 3.3: Columnar epithelial tissue 


Nucleus 
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Distribution : This type of epithelium forms the inner lining of (i) stomach, (ii) small 
intestine, (iii) large intestine (iv) gastric and intestinal glands (y) respiratory tract, 

Function : In addition to protection these cells are playing and very important role 
in secretion and absorption. 


Table 4 
Distinctive features between columnar and ciliated tissues 
Columnar epithelium ‘le Cieiated epithelium 


1. Structure : Structure: 
(i) he cells are tall and elongated where | (i) Cells are generally columnar but may 


— 


height is more than its breadth. be cubical, 
(i) The broader free ends are striated | (ii) Fine hair-like protoplasmic cilia are 
but without any cilia. present at the free end of the cell. In 


each cell 20-30 cilia are present. Each 
cilium arises from the basal particle in 
the cytoplasm. 
(iii) There is oval nucleus and is located | (iii) There is oval or round nucleus. 

near the base. 


2. Distribution: 2. Distribution: 
Lined in stomach and intestine, Lined in the nasal passage, trachea and 
respiratory tract, gastric and bronchi, follopian tube, ventricles of 


intestinal glands. brain and central canal of spinal cord. 
3. Function: 3... Function : 

This type of tissue helps in In addition to protection it helps to 

protection, secretion and absorption. remove mucus or dust from the nasal 
passage and trachea, ovum, from 
fallopian tube tọ uterus, maintain 
circulation of cerebrospinal fluid in the 
spinal cord and ventricles of brain by 
unidirectional] ciliary movement. 


+ [4] CILIATED EPITHELIUM : 

Single layer of columnar or cuboidal cells which have fine cilia on their free end, 
is known as ciliated epithelium. 

Structure : In this type, the cells are generally 
columnar in shape but in some cases it may be 
cuboidal. There are fine hair-like protoplasmic 
processes at the free end of each cell. These processes 
are known as cilia and 20 to 30 cilia are present in each 
cell, Each cilium (singular) arises from the knob-like 
body known as basal particles which are situated near 
the free end of the cell. The cilia are extended through 
the basal particles into the cytoplasm of the cell in the 
form of fine filaments and these filaments in the 
cytoplasm are known as rooflets. 

Distribution : The ciliated epithelium is lined in the 
(i) nasal passage, (ii) trachea and bronchi, (iii) fallopian 
tube, (iv) efferent tubules of testis, (v) ventricles of brain and central canal of spinal cord. 


3.4 : Ciliated epithelial tissue 
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Function : The cilia of the epithelial cells are always in motion in one direction and 
this movement is known as ciliary movement. Due to this unidirectional movement, the 
ciliated epithelium helps (i) to remove mucus or foreign particles and dust from the nasal 
passage and trachea, (ii) to remove ovum from fallopian tube towards the uterus, (iii) to 
maintain the circulation of CS (cerebrospinal fluid) in the spinal cord and ventricles 
(cavities of brain), 

+ [5] GLANDULAR TISSUE : 

Epithelial cells which are specialised for elaboration and release of a useful fluid, 
are collectively known as glandular tissue. It is also known as secretory tissue. 

Structure : The cells of the glandular tissue 
are generally cubical or columnar in short nature 
or may be polyhedral in shape. It is usually of 
single layer. They are aggregated into masses 
with or without cavities. These cavities are 
known as alveoli, The glandular cells contain big 
nucleus in a granular cytoplasm. 

Distribution : This type of tissue is 
distributed in the different types of glands, such 
as — (i) sweat gland, (ii) mammary gland, (iii) 
salivary i gland, (iv) sebacious gland, eee eee 
Me gland ete. (A) exocrine, (B) endocrine glands 

Function : The primary function of the glands 2 i 
is to manufacture new substances and release the respective secretions. These secretions 
contain enzymes, mucus, hormones etc. 

© Classification of Glands : 

In the higher animal-body various types of glands are present, These glands may be 
classified in different ways. Those glands may be classified on the basis of the number 
of cells or the nature of secretion. 

[A] On the basis of number of cells : The glands are mainly classified into two types, 
such as (a) unicellular gland and (b) multicellular gland. 

[a] Unicellular gland : In this type of gland single epithelial cell is modified into one 
gland. The common example of this type of gland is the Goblet cell which is an 
unicellular mucus secreting gland. 

Distribution of Goblet cell : It is distributed in the (i) gastro-intestinal tract, (ii) trachea 


etc. 
Structure of Goblet cell: These cells are flask-shaped. The Goblet cells contain 
nucleus and cytoplasm at the deeper part and slimy mucin at the outer part. The mucin 
part is gradually distended due to accumulation of mucin. Ultimately the outer part of the 
cell bursts and discharging the mucin to the outside. 

Function : (i) This mucin protects and lubricates the inner mucous membrane, (ii) It 
dilutes the irritants, (iii) It nutralises the acids and alkalies and (iv) It entangles the bacteria 
and other foreign particle, 

[b] Multicellular glands : The multicellular glands are composed of many secretory 
epithelial cells. On the basis of the mode of secretion, the multicellular glands are 
classified into three groups, such as (1) endocrine glands, (2) mixed glands and 
(3) exocrine glands. 

[1] Endocrine gland : This type of gland discharges its secretion directly into the 
blood or lymph. The secretory products are known as hormone. Endocrine glands have 
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no ducts of their own. So they are also known as ductless gland, such as pituitary, 
thyroid, adrenal etc. ; 

121 Mixed gland: This type of gland is composed of both the endocrine as well as 
exocrine portion, as for example—pancreas. Its exocrine portion secretes pancreatic juice 
and the endocrine portion is known as Islets of Langerhans from which insulin and 
glucagon hormones are released to the blood directly. 

Testis and ovary are also regarded as mixed glands, 

Testis : Spermatozoa production is the exocrine function and release of testosterone 
hormone is the endocrine function. 

‘Ovary : Ova production is the exocrine function and release of oestrogen and 
progesterone hormones is the endocrine function. i k 

[3] Exocrine glands : This type of gland discharges its secretion at the internal or 
external surface through certain ducts. So the secretions are released through the ducts 
of the gland, such as salivary gland, sweat gland etc. 


Distinguish between Exocrine gland and Endocrine gland 


. This glands have definite duct; so they | 1. These glands have no duct ; so they 
are also known as ductular glands, ~ are also known as ductless glands. 
Secretory products of these glands are | 2. Secretory products of these glands are 
known as juices. known as hormone. 
3. The secretions are carried to the | 3. The secretions (hormones) are directly 
outside through ducts, transported to the circulating blood. 
4. Secretions are not concerned with | 4. Hormones are concerned with 
regulation and co-ordinations of organs, regulation and co-ordination of organs, 
5, Example : 5. Example : 
Sweat gland, Salivary gland, Liver etc, Pituitary, Thyroid, Adrenal etc, 
© Multicellular exocrine glands are divided mainly into two groups, such as 
(a) Tubular and (b) Saccular. : 

[a] Tubular exocrine gland: The exocrine glands which are tube like structure are 
known as tubular exocrine glands, Sometimes the gland may be a single straight tube 
and open directly to the free surface, as in /ntestinal glands. In other cases the glands 
are coiled with a Tong duet; such glands are known as simple coiled tubular glands, as 
for example sweat gland in the skin, In some cases, the deeper terminal portion of the 


eth sO Babi 


3.6 : Different type of exocrine glands. 
(A) simple tubular, (B) simple coiled tubular, (C) simple branched tubular, (O) simple 
saccular, (E) simple branched saccular, (F) compound saccular gland. 


N 
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tube becomes branched and this type of complex glands are known as simple branched 
tubular glands, such as fundic glands in stomach. 

[b] Saccular exocrine gland: The exocrine glands which are expanded into sac like 
structure, are known as saccular exocrine glands. Sometimes a single sac with a duct 
constitute a simple saccular gland, as for example mucous glands on frog’s skin. In other 
cases, many sacs constitute a gland which is known as simple branched saccular gland ; as 
for example, sebaceous gland in skin. But in some of the glands it has been seen that each 
duct of a sac again subdivided and gives rise to many sacs to form a compound structure 
and this type of gland is known as compound saccular gland ; such as mammary gland. 

[B] On the basis of the nature of secretion, the glands are again classified into 
three groups, such as (a) holocrine gland, (b) apocrine gland and (e) merocrine gland. 

[a] Holocrine gland : This type of gland discharges the secretory substance along 
with the entire cytoplasmic contents of the cell; as a result the cell becomes dead. The 
dead glandular cells are again replaced by new epithelial cells, e.g. sebaceous gland. 


Secretory Substance 
mi Sen Chopin 


Secretory Substance 
with Nucleus and 
Cytoplasm 


3.7 : On the basis of nature, (A) holocrine, (B) apocrine, (C) merocrine, 


[b] Apocrine gland : In this type of gland the secretion is accumulated at the apical 
region of the glandular cells and the secretion along with the cytoplasm of the apical 
region are discharged to the outside. As a result, though a scanty amount of cytoplasm 
is lost but the cells remain alive, because the nucieus at the basal region of the cell 
regenerates the lost part, e.g. mammary gland. 

[c] Merocrine gland: This type of gland discharges the secretion out of the membrane 
of the secretory cells by diffusion and here there is no loss of cytoplasm in the secretory 
cells, e.g. salivary gland, endocrine glands. : 


Comparative account of Holocrine, Apocrine and Merocrine 
Merocrine 


1. Discharges the secre- J. Discharges the secretory | l. Discharges the secre- 
tory substance along substance along with the tory substance to the 
with the entire cyto- scanty cytoplasm. outside by diffusion pro- 
plasm nucleus. cess. 


N 


2. A scanty amount of cy- | 2. There is no loss of cell. 
toplasm is lost but the 
nucleus remains intact. 

3. The cell regenerates the 3. The cell with intact cy- 
lost partof the cytoplasm. toplasm and nucleus re- 
mains alive. 

4. Example : Salivary 
gland. 


. The cell becomes dead. 


3. The new cell regener- 
ates iff the lost area. 


4. Example : Mammary 
gland. 


4. Example: Sebaceous 
gland. 


GENERAL IDEA ABOUT TISSUES IN ANIMAL 1469 


GLANDULAR TISSUE 


* į 
Unicellular gland Multicellular gland 
(Goblet cell) 


Mode ol! Secretion Nature of Secretion 
1, Endocrine (Pituitary) 1. Holocrine (Sebaceous gland) 
2. Mixed (Pancreas) 2. Apocrine (Mammary gland) 
3. Exocrine : 3. Merocrine (Salivary gland) 


(i) Tubular (Swear gland) 
(i) Saccular (Mammary gland) 


Distinguishing features between simple epithelium and 
compound (stratified) epithelium 


Structure: 
(i) Many layered epithelial cells on 
which the lowest layer is placed on 
basement membrane. 
(ii) Cells of the different layers are 
different in shape, 
(iii) Uppermost layer is much flattened 
scalelike and in some cases cornified. 
‘Types: 
Stratified squamous corniſied 
epithelium, Stratified squamous non- 
cornified epithelium, Stratified 
columnar epithelium, Stratified cubical 
epithelium and Transitional epithelium. 
3. Distribution : 7 
Skin, tongue, hairs, nails, hoofs ete. 


Structure: 


(i) Single layer of cells is placed on 
basement membrane. 


(ii), All cells are simple. 


(ui) cells are arranged in single layer. 


Types: 
Pavement (squamous), Cubical, 
Columnar and Ciliated epithelial 
tissues. 


3. Distribution: 
Inner lining of blood vessels, heart, 
lymph vessels, intestine etc. 
4. Functions: 
Production, secretion, absorption 
and excretion. 


4. Functions: 
Mainly acts as a protective layer and 
prevents from mechanical pressure, 
firction and injury. 
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[3] Stratified Squamous non-cornified epithelium : 


[c] 


14 


[a] 


[b] 


3.11 


Squamous epithelium which is composed of many layers where the superficial 

layer is not cornified or keratinished is known as stratified squamous 

noncornified epithelium. 

Structure : This type of tissue is composed of many layers. Superficial few layers 

of cells are flat and thin without any keratin. The middle layers of cells are 

polyhedral and the cells of the basal layer are scolumnar which are arranged on 

basement membrane. 

Distribution : This type of tissue is present in the cornea (eye), mouth cavity, 

pharynx, oesphagus, urethra, vagina and cervix. 

Function : This type of tissue 

is protecting the organs fiom 

the mechanical friction, 
Stratified columnar 

epithelium : 

Stratified. epithelium where 

the columnar. type of cells 

form the superficial layer is 


called stratified columnar ND) 
epithelum. eS 


Structure : On the basement ——=— Connective 
membrane many layers of tall = > = Tissue 
columnar cells which contain 
oval nucleus with granular 
cytoplasm. The cells of the basal layer are cuboidal. 

Distribution : This tissue is distributed in the epiglottis, some parts of phraynx, 
anal mucosa, urethra (male cavernous part) etc. 

[c] Function : This type of tissue is mainly 
protecting the organs. 

[5] Stratified cuboidial epithelium : 

Stratified epithelium where the susperficial 
layers are composed of cubodial cell is known 
as stratified cubodial epithelium. 

{a] Structure: This type of tissue 
contains many layers of cells. The superficial 
layer is made up of cuboidal type of cells. The 
middle layers are polygonal cells and the 
+ Diagrammatic figure of stratified innermost layer is made up of cuboidal cells. 

columnar epithelial tissue. [b] Distribution : The duct of sweat gland 


3.10 : Stratified non-cornified epithelium 


is lined by this type of tissue. 


[c] 


Function : This type of tissue is engaged in protecting as well as secretion. 


3.5 Connective Tissue 


Definition : The tissues of the vertebrates containing cellular and fibrous materials 
in its matrix in large amount and which are important for connecting different parts 
together and which are mesodermal in origin, are called connective tissues. 


[a] Characteristics : (i) This type of tissue is developed from the embryonic only. 
(ii) Greater amount of intercellular substance or matrix is present. (iii) Few number of cells 
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are distributed in the matrix. (iv) In addition to cells different types of fibrous elements 
are present in the matrix. (v) The consistency of matrix varies and some time, may be liquid 
(blood) or solid (bone) form. In one word we can say that the connective tissue is 
composed of matrix, cells and fibres. 

[b] Function : It connects the different parts of an organ or with different organs. In 
addition, this tissue also makes the framework and elasticity of a body. 

[c] Classification of Connective tissue: 

This tissue is classified into three major groups which are again subdivided according 
to the nature of matrix and their cells. 


Connective tissue 


0 


Connective tissue proper Supporting tissue Fluid 


<m 
ann: 
< z — 


8 
eo 
4 2 


1. Areolar tissue 1, Bone 
2. White fibrous tissue 2. Cartilage 
3. Yellow elastic tissue 
4. Adipose tissue 
5. Reticular tissue 
3.5.1 Connective Tissue Proper 
The connective tissue proper consists of cells, fibres and intercellular substance or 
matrix. The different types of fibres with cells are embedded in a large amount of matrix. 
The intercellular substance is secreted by the cells, This intercellular substance shows 


X 


3 Reticular fibre 


3.12 : Diagrammatic figure of arcolar tissue (loose connective tissue) 


2253-93 
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a great variety in form and nature. The connective tissue proper consists of the following 
types 

(1) areolar, (2) white fibrous, (3) yellow elastic, (4) adipose and (5) reticular. These 
are described below : 


[1] Areolar tisssue (Loose connective tissue) : The type of connective tissue where 
the plenty amount of fibres are embedded in the matrix is known as areolar or loose 
connective tissue. 


Structure : Areolar tissue is composed of fibres and cell. Fibres are loosely arranged 
bundles of white collagenous fibre and fine yellow elastic fibre. Yellow elastic fibres 
are few in number and distributed as solitary fibre. These fibres cross and intercross with 
one another,thus form a network like structure. The spaces of the network are occupied 
by the jelly like ground substance and various types of cells. The following types of cells 
are generally present in the intercelluar ground substance- fibroblasts, histiocytes, 
plasma cells, pigment cells and mast cells. 


Fibroblasts are very common type of cells of the tissue. Fibrolasts are irregularly 
elongated with an oval nucleus. Fibroblasts are responsible for the formation of fibres. 


Histiocytes are also irregular shaped cells. The cytoplasm contains oval nucleus. They 
are motile and phagocytic and so they are also known as macrophages. Plasma cells 
are infrequent and these cells are oval with ‘spoke wheel’ nucleus. These cells form 
antibody. Pigment cells are irregular in shape. The cytoplasm contains black or yellow 
pigment granules. Mast cells are round or oval in shape.These cells are helping in the 
formation of heparin (anti-coagulant), histamine (in allergic condition) and serotonin (a 
vaso constrictor). 


Distribution : Areolaar tissue is distributed throughout the body, such as in the 
(i) Subcutaneous, submucous and subserous layers, (ii) between muscles, blood vessels 
and nerve fibres, (iii) in the interior of other organs as binding material. 


Function : (i) This type of tissue serves as a support and packing material. (ii) The 
histiocytes and plasma cells of this tissue serve the purpose of defence of the body 
against the invasion of microorganisms and others. (iii) The fibroblasts take part in 
fibrosis during the repair of inflammation. 


[2] White fibrous tissue: The type of connective tissue where white collagenous 
fibres are more than the matrix with few fibroblasts is known as white fibrous tissue. 


Structure: This tissue is made up of bundles of 
white fibres. Each bundle may be branched but the 
indiviual fibre is not branched. The bundles of fibres 
are wavy. Each fibre is made up of protein which is 
known as collagen. Fibrocytes are present between the 
interspaces of bundles of fibres. Hence collagen fibres 
are long, straight or wavy unbranched fibres. 


Distribution : This tissue is present in tendons, 
ligaments, duramater (covering of brain) etc. 


CA MUSAN 
3.13 : White fibrous tissue 


Funtion : It connects the different tissues of the 
body and provide mechanical protection against stretch and pressure. 


[3] Yellow elastic tissue: The type of tissue which is composed of mainly by elastic 
fibres with few fibroblasts is known as yellow elastic tissue. 
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Structure : In the matrix, the fibres run singly and ` — | NA 

they are branched. These branches are joined each a Vis 
other to form a network. Each fibre is composed of 2S ; 72 
protein which is known as elastin. Fibroblats are — Ch 


present in between the elastic fibres. These fibres are 


elastic in nature. 
Distribution: This tissue is distributed in the S 
walls of bronchi, larynx, lungs, arteriesetc. Ez a 


Function : (i) This tissue acts as a strong elastic 3. 14: Yellow elastic tissue 
cord. (ii) Due to its elasticity it maintains the normal blood circulation and blood 
pressure. (iii) This tissue also maintains the normal expansion and contraction of 
lungs during respiration. 

Adipose tissue: Ihe type of tissue where the large number of fat cells are present 
on a frame work of loose fibres is called adipose connective tissue. 

Structure: Fat cells are abundant and they 
aree enlarged due to accumulation of neutral 
fat. The cells are generally round and oval in 
shape. These cells may be polyhedral due to 
pressure of the adjacent fat cells. The 


Collagenous 


Fibre cytoplasm along with the flattened nucleus are 

Fat Globules pushed to the periphery of the cell due to the 

in Cell deposition of fat droplets. For this reason the 

3.15 : Adipose tissue adipose cells become ‘signent-ring’ like 


appearance. 

In the narrow interspaces of cells thin fibres are present and these fibres support the 
adipose cells, 

Distribution: This type of tissue is present in many places, such as in the 
subcutaneous tissue (skin), mesentery, surrounding heart and kidney. mammary gland 
etc. 

Funetion: (i) This tissue gives the shape to the body and limb. (ii) It keeps the 
visceral organs in position and prevents them from injury. (iii) It helps to regulate the 
body temperature. (iv) It acts asa storage of energy in the fat material. 

[5] Reticular tissue: The type of tissue where the cells are anastomosing and 
forming a network along with fibres is called reticular connective tissue. 


Structure: The cytoplasmic processes of the — — 
cells are anastomosing to form the syncytium. beat Gel, Nes 
The thin fibres are also branched and form a 
network like structure. The interspaces of the 
cells are filled up with tissue fluid. 
Distribution: This tissue is widely distributed 
as a framework of many organs such as in lymph 
gland, liver, spleen, bone marrow etc. 
Function: In addition to the mechanical 
support, the cells of this tissue are phagocytic 
in nature and so they are acting as a defence of 
the body. 


3.16 : Reticular tissue 
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Differences between the White fibrous tissue and Yellow elastic tissue 


White Fibrous Tissue Yellow Elastic Tissue 
1. The white fibrous tissue is composed | 1. It is composed of yellowish coloured | 
ol white fibres formed by the fibroblast, | fibres. 

2. Fibres are thin and non-branching. 2. The fibres are thicker and the individual 
fibres are branched and the branches 
join to form a network. 

3, The fibres are in bundles. 3. The fibres run singly and also in loose 
bundles. 

4. The bundles are wavy and run | 4, The bundles are not wavy but 

different directions. straight. 
| 5. When the fibres are torned, the torn | 5. When the fibres are torned, the torn 
ends do not curl. ends curl due to elasticity. 

6. The fibres are made up of collagen like | 6. The fibres are made up of elastin like | 

protein material. protein material. 

7. These collagen fibres are digestible by | 7. These elastin fibres are digestible by 

pepsin enzyme. trypsin enzyme. 

8. The fibres protect against stretch and | 8. This tissue acts as a strong elastic rope. 

pressure. 
3.5.2 Supporting Tissue 


The endoskeleton of the vertebrate animal is known as supporting tissue or skeletal 
tissue. This type of tissue as it is hard it gives rigidity to the body and also provides for the 
attachment of the muscles. This hard tissue gives protection to the soft organs enclosed by 
it. The supporting tissue is classified into two groups, such as bone and cartilage. 

3.5.3 Bone or Osseus Tissue 

Difinition : Bony tissue may be definied as the hardest type of connective tissue which 
supports the body. 

Structure : Bony tissue is regarded as the hardest tissue in the 
animal body. It is made up of bone cells, collagenous fibres and 
matrix. The bone cells are of three varietiees, (i) Osteoblasts are 
irregular in outline with cytoplasmic processes. They are present in ze) | 
the advancing surfaces of a growing bone. In the early part of bone 
development it helps in the deposition of calcium salts, thus it 
laydown the matrix. (ii) Osteoeytes are also irregular in outline with 
cytoplasmic processes. Yhey are confined in the lacunar spaces of | 
the fully developed bone. Mature Osteoblasts give rise to adult cells 
are osteocytes. Osteocytes are helping in the exchange of materials 
from the blood. (iii) Osteoclasts are multinucleated giant cells. These 
cells reabsorb the calcium salts. Hence bone cells are osteoblasts, Osteocytes and osteoclast. 

The matrix is made up of organic and inorganic substances. Organic substance is the 
white fibres which is made of collagen like protein material and the inorganic substances are 
calcium carbonate and calcium phosphate. The hard matrix consists of 40% organic and 60% 
inorganic substances. Bone become hard mainly due to the presence of calcium and phos- 
phate which form hard layers. 


3.17 : Magnified view 
of an Osteocyte. 
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Classification of bones: 
The bones are classified into two groups on the basis of their density and hardness, 
such as (a) Compact bone and (b) spongy bone (cancellous). 


[a] Compact bone : This type of bone is very hard having lamellated with Haversian 
system. 


Fibrous Reticulum 


: 


= 
SS 


F 


3.18 : Section of a compact bone 
Structure : The bones are covered by an outer tough membrane known as periosteum. 
The periosteum is composed of an outer white fibrous tissue and the inner layer of elastic 
tissue with osteoblasts and osteoclasts. 


Blood vessels, nerves and muscles are at- Havenan 
tached to the periosteum. The central hollow Canaliculi Lacuna Lamella 


part of the compact bone in known as mrrow 
cavity or medullary cavity. This cavity is sur- 
rounded by a thin fibrous membrane known 
as endosteum which remains on the inner re- 
gion of the hard shaft of the bone. The med- 
ullary cavity of long bones is filled up with 
Yellow bone marrow which is composed of 
adipose tissue but no blood forming func- 
tion. 

The shaft or body of the long bone is com- 
posed of the following structures. (i) Haver- 
sian system: The hard wall of the shaft is 
pierced by numerous minute longitudinal tun- 
nels which are known as the 1 GE 3019 Magnified wiew of a Haversian system 
nals. Each Haversian canal contains blood 
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vessels, lymph vessels and nerves. Each Haverisian canal is surrounded by 6 to 18 concentric 
layers of matix and these concentric are known as lamellae or Haverisan lamellae. Between 
the layers of lamellae there are minute fusiform like spaces known as lacunae which are also 
arranged in circles. Form all sides of each lacuna large number of minute wavy channels are 
coming out and these wavy minute channels are known as canaliculi. The lacunae communi- 
cate with each other also with the Haversian canal through the canaliculi. But the lacunae of 
one Haversian system never communicate with the other Haversian system. Each lacuna 
contains a bone cell (ossteocyte) and the processes of which extened into the canaliculi. So the 
Haversian canal along with the lamellae, lacunae and canaliculi form one Haversian system. (ii) 
Interstitial lamellae or ground lamellae : The spaces bewteen the Haversian systems are not 
lamellated in regular appearance. Here the matrix and the bone cells are present in irregular 
layers. (iii) Circumferential lamellae or periosteal lamellae : These lamellae arranged parallel 
to the outer (below periosteum) and inner surfaces of the bone wall. 

In addition to the Haversian canals there are also another set of minute channels within 
the bone wall. These channels are either horizontally or obliquely connected with the 
Haversian canals and these are known as Volkmann’s canal. 

Volkmann’s canals also communicate to the outside in the periosteum as well as inside of 
the shaft. These canals also contain blood vessels, lymph vessels and nerves. 

Distribution : Shaft or body of the long such as humerus, femur etc. are compact in 
nature. 

[b] Spongy or cancellous bone : This type of bone is lamellated without any Haversian 
system. 

Structure : In this type of bone calcification is less than the hard bone and so it is softer 
than compact bone. The deposition of calcium forms the lamellae which are irregularly ar- 
ranged. The minute spaces between the lamellae are known as lacunac from which canaliculi 
are developed. The osteoblasts are placed inside in lacunae. Moreover the minute bony 
partitions give rise to many small spaces which are lined by endosteum and filled up with red 
marrow. For this reason, this type of bone becomes spongy. Here true Haversian system is 
absent. Red marrow of spongy bones contains a certain amount of adipose tissue and 
mostly blood forming tissue. 

Distribution : This type of bone is distributed to the inner parts of the flat bones, round 
ends of the long bones, the body of the vertebrae etc. 

Functions of bone : Various functions are done by the compact as well as the spongy 
bones. These are (i) it supports the body as well as forms the rigidity of the body; 
(ii) protects the brain, spinal cord, heart, lung ete. like vite organs; (iii) bone marrow helps to 
develop the blood cells ; (iv) periosteum of the bones helps for the attachment of muscles 
and tendon ; (v) periosteum helps in the development, nourishment and repair of bone. 


Distinguish between Red bone marrow and Yellow bone marrow 


Red bone marrow Yellow bone marrow 


1. Red marrow is present in spongy bone. | 1. Yellow marrow is present in marrow cav-| 
ity of long bones. 


2. It is composed of adipose tissue. 


2. Red marrow contains a certain amount 


of sadiposee tissue. 


[3 It contains mostly blood forming tissue 


3. It has no blood forming function. 
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Difference between compact bone and spongy bone 


Spongy bone 


. In compact bone Haversian system is 
present. 
2. Inthis type of bone calcification is dense. 
. Minute partitions inside the bone are 
absent. 
Distributed in the shaft of the long bones 
and outer layer of all bones. 


1. In spongy bone Haversian system is ab- 
sent. 
2. Inpongy bone calcification is less dense. 
3. Minute bony partitions are present. 
+ 


4. Distributed to the end of long bones, 
inner part of flat bones and body of 
vertebrae. 


— 


a 


3.5.4 Cartilage Tissue 

The type of connective tissue which is more or less translucent, firm and elastic is 
known as cartilage tissue. 

Structure : Cartilage tissue is composed of large amount of intercelluar substance or 
matrix, cartilage cells and fibrea. The matrix is known as chondrin. This chondrin is made 
up of chondromucoid and chondroalbuminoid like protein substances. Delicate network of 
fibres like white fibres or yellow elastic fibres are present in the matrix. Groups of encapsu- 
lated cartilage cells are embedded in the matrix. These cartilage cells are known as 
chondrocytes. Two, four or eight chondroytes are present in a capsule. Blood vessele are 
absent in this type of tissue. 

Distribution : It is distruibuted in the skeletal structures of cartilaginous fishes, rings of 

trachea, bony joints, pinna of ear, intervertebral discs etc. 

Functions : (i) Its important role is in the framework of body. (ii) It prevents mechanical 

erosion in bony-joints. (iii) It gives firmness and elasticity of the body. 


Table 12 
Distinguish between Osteocyte and Chondrocyte 


Chondrocyte 
1. This is bone cell. 1. This is cartilage cell. 


2. Osteocyte is situated in the lacuna of | 2. Chondrocyte is situated in the capsule 
bone matrix. of matrix. 

3. The cytoplasmic processes of osteo-cyte | 3. There is no cytoplasmic processes. | 

enter into canaloculi. Rather it is large and rounded. 

4. Osteocytes are solitary. 4. Generally chondrocytes remain in 
groups of 2-4 in a capsule. 

5, They remain in articular cartilage and 

epiphyseal cartilage. 


5. They remain in fully developed bone. 


© Classification of cartilage tissue : On the basis of the nature of matrix and the number of 
cartilage cells, the cartilage tissue is divided into three groups, such as (a) Hyaline carti- 
lage, (b) White fibrocartilage and (c) Elasstic fibro-cartilage. 

[a] Hyaline cartilage : The type of cartilage tissue where the matrix is clear and 
gomogenous is known as hyaline cartilage tissue. 
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3.5.5. Vascular Tissue (Fluid Tissue) 


The liquid material which flows in the body of the animals is known as vascular or fluid 
tissue. Blood and lymph are the two connective tissue which transport the various sub- 
stances throughout the body of the higher animals. So they are regarded as the vascular 
tissue. 


3.5.5.1. Blood 


Blood may be defined as an opaque, slightly alkaline red coloured fluid connective 
tissue having a salty taste. 


Blood remains as a liquid condition, so it is regarded as a 
fluid connective tissue. Various types of substances are trans- 
ported by blood from one place to another, so blood is also 
known as a vascular tissue. Blood by its circulation connects 
different parts of the body and considerable amount of plasma 
is regarded as the intercellular substance. Hence blood is 
considered as connective tissue. In all vertebrates such as in 
fishes, toads, man etc. blood becomes red in colour due to pres- 
ence of haemoglobin which remains in RBC. 5 litters of blood 
are flowing in a healthy man. The normal pH of human blood is 
7.4 which is slightly alkaline. Though in some of the higher 
invertebrates the blood becomes as in earthworm (haemoglo- 
bin in plasma) but in some cases the blood is colourless due to 
haemocyanin in plasma as in prawn. 


Composition of blood : It is composed of two parts, such as 
plasma and corpuscles. The plasma constitutes approximately 
55% and the cellular blood corpuscles constitute approximately 
45% of the blood. The blood corpuscles are suspended in the plasma. 


3.23 : Main composition 
of blood 


The blood differs in two respects from a typical connective tissue, such as (i) the matrix 
of the blood is liquid which is known as plasma and the (ii) blood cells or corpuscles never 
produce plasma. 
© Functions of blood: t 

[1] Transport functions-The chief finction of blood is transport various materials to 

support the functioning of the body as follows: 

(i) Helps in transport of nutrients absorbed from the alimentary canal to different tissues 

for their nourishment. 

(ii) Helps in transport of gases between lungs and tissues for respiration. 

(iii) Carries the waste-matters from their site of origin to the excretory organs like kidney, 

skin etc. so that they can be excreted through urine, sweat etc. 

(iv) Carries the hormones secreted by the endocrine glands to their target tissues. 

[2] Homeostatic functions— 

(i) Helps in acid-base balance due to the present of buffers in it. 
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(ii) Plays an important role in maintaining the fluid balance of the body by exchange of 
fluid between tissues and blood. 
(iii) Helps in thermoregulation by distributing the heat uniformly throughout the body. 
[3] Defence functions— 
Blood provides defence mechaninsm to the body in two ways :- 
(i) Phagocytic action : By phagocytic action of neutrophils and monocytes of WBC. 
(ii) Antibody formation : By antibody forming action of lymphocytes of WBC. 


Composition of blood 


— — 
4 
Plasms 55% Blood corpuscles 45% 


[1] Plasma : /t may be defined as a fliud matrix of the blood without any corpuscles, 


Composition of plasma: Plasma is a light straw coloured alkaline liquid. It consists of 
55% of the blood. In plasma 91-92% is water and the remaining 8-9% is solid material. The 
solid material of plasma consists of inorganic and organic substances. The inorganic sub- 
stances are sodium chloride, sodium bicarbonate, potassium, calcium etc. The important 
organic substances are protein, glucose, fats, etc. The protein part of the plasma constitutes 
7% of the solid material. The proteins are albumin, globulin, fibrinogen and 
prothrombin. The other nonprotein nitrogeneous substances are urea, acid, creatinine ete. 
In addition to this other organic substances such as bilirubin (pigment), hormones, enzymes, 
cholesterol etc, are present in the plasma. In some of the invertebrates such as in earthworm 
the plasma contains heamoglobin which is iron containing respiratory pigment and in prawn 
like animal the respiratory pigment is copper containing haemocyanin. Some times after 
coagulation of blood ata place, a yellowish fluid comes out from the plasma and this fluid 
is known as serum. 


Table 15 
Differences between plasma and serum 


Plasma 
1. In plasma three types of blood cells | 1. In serum blood cells are absent. 
(RBC, WBC & Platelets) are present in 
floating condition. 
2. In plasma fibrinog 
stance is present. 


3. Fluid part of the blood is the plasma. 3. Origin of yellowish fluid after co- 
agulation of blood. 


en like protein sub- | 2. In serum fibrinogen is absent. 
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Composition of Plasma 


= + = 
a 7 
Water (91-92%) Solid material (8-9%) 
ë 1 
Organic substance Inorganic substance 
(7.1-8.1%) (0.9%) 


* 


5 
Protein7% Carbohydrate Lipid 


z = 1. Sodium chloride 

i 2. Sodium bicarbonate 
Pigment 5 
& Other 3. Potassium 


n 
dai 
aw 
an 


Pi Fi 1 A 4. Calcium etc. 

1. Albumin Glucose 1. Cholesteral 

2. Globulin 2. Phospholipid etc. 

3. Fibrinogen L 

4. Prothrombin § z 
Non-protein Nitrogen š 
1. Urea 1. Bilirubin 
2. Uric acid 2. Carotene 
3. Creatinine etc. 3. Enzyme 

4. Hormone 


5. Antibodies etc. 
© Function of plasma: (i) Plasma helps to transport various substances, (ii)-Plasma pro- 
vides the antibodies, (iii) Plasma proteins are essential for blood clotting, (v) Plasma helps in 
maintaining the acid base balance of blood. (v) Plasma is acting as a protein reserve for the 
tissue. 

[2] Blood Corpuseles : Microscopic RBC 
wandering cells which are present in the 
plasma, are known as blood corpuscles. 
© Classification of blood corpuscles : In 
case of invertebrate animals there are blood 
cells which are called amoebocytes. 
Amoebocytes are phagocytic in nature. In 
vertebrate animals including the human 
being the blood corpuscles are of three 
types such as red blood corpuscle or 
erythrocyte, white blood corpuscle or leucocyte and platelet. These three types of cells are 
collectively known as “formed elements’ of blood. These blood cells are developed from 
the bone marrow and they remain alive for a short period. These are describeed below. 

[a] Erythroytes (red blood corpuscles or RBC) : The blood cells which are colour due to 
presence of haemoglobin like pigment, are known as erythrocytes. 

Origin of RBC : The process by means of which the red blood cells are formed, is called 
erythropoiesis. Form birth till the death of a vertebrate animal the blood corpuscles are 
developed from the haemocytoblast of the red marrow of bones. After maturation, the RBC 
comes out from the bone marrow into the circulating blood. 


Platelet 
889 Ov 

© o 

SA 0S S 

A B 

3.24 : Blood corpouscles in vertebrates ; 


(A) RBC of toad, (B) RBC of mammal, 
(C) different types of WBC. 
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Number of RBC : Number of the Red blood corpuscles are more numerous in compari- 
son to other types of blood cells. In an adult normal man there is 5 millions RBC per cubic 
a of blood. In an adult normal femal there is 4.5 millions RBC per cubic millimetre of 

ood. 

Structure of RBC : In mammals including the human being, the erthrocytes are bicon- 
cave, non-nucleated and round disc like structure. The average diameter of RBC in man is 
7.2 u (micron) and average thickness at the rim is 2 ꝗ (micron). Due to biconcave nature, the 
centre of the RBC is thinner than rim. In the mature human erythrocytes mitochondria are 
absent. Hence Krebs cycle or citric cycle does not occur in the mature erythrocytes. But in 
all other vertebrates like fishes, amphibians, reptiles and birds red blood corpuscles are 
biconvex, nucleated and oval disc-like structure. The average diameter is larger than the 
mammalian erythrocytes. In all vertebrate animals, haemoglobin like respiratory pigment is 
present in the cytoplasm of RBC. The haemoglobin contains which is globin in nature and 
haenmatin like metallic pigment. This pigment contains iron. The average adult person con- 
tains 14.5 gram haemoglobin per 100 ml. of blood. Each gram carries 1.34 ml. oxygen. 

Life span of RBC: In case of man, the average life of a mature red blood corpuscle 
(erthrocyte) is 120 days. 

Fate of RBC : At the end of life i.e. after 120 days the Reed blood corpuscles become 
brittle and disintegrate. These fragment are engulfed by the reticulo-endothelial cells which 
are present in liver, spleen, lymph nodes etc. These reliculo-endothelial cells after engulfing 
by phagocytic process destroy them intracellularly. The haemoglobin is broken down into 
protein and haem. The iron part in haem is stored and re-used in the formation of new 
haemoglobin. The pigment part of the haem is converted into yellow pigment which is known 
as bilirubin and is released in the blood circulation and enter into the liver. Then this yellow 
pigment is added to the bile which enters the duodenum through bile duct. Ultimately the 
bilirubin is exereted and gives colouration to the faeces. 

Function of RBC: (i) Erythrocytes mainly carry oxygen from lungs to form 
oxyhaemoglobine and supplies the oxgen to the tissue; in addition they also help in carry- 
ing of carbon dioxide as carbonic acid. Due to the presence of abundant carbonic anhy- 
drase within RBC, carbon dioxide diffuses rapidly forming more carbonic acid than 
plasma. (ii) Erythrocytes also help in maintaining the acid -base balance of blood. (iii) 
Various pigments such as bilirubin are help in maintaining the disintegration of haemoglobin 
of erythrocytes. 

[b] Leucocytes (White blood corpuscles or W.B.C.) : Nucleated blood corpuscles which 
are without any pigment are known as leucocytes or white blood corpuscles. 

Origin of W.B.C. : In post natal life, the origin of leucocytes generally takes place from 
many sources. Leucocytes arise from the hamocytoblast of bone marrow, reticulocyte of 
spleen and lymphoblasts of lymph nodes. 

Number of W.B.C. : The average number of WBC is 6,000 to 8, 000 per cubic millimetre of 
blood in man. The average ratio between leucocyte and crythrocyte is about 1 : 700. 

Structure of W.B.C. : The cells are nucleated and due to absence of haemoglobin, the 
cytoplasm is colourless. They are larger in size than R.B.C. The average size is 8 p to 25 p. 
They are amoeboid in nature. They are rich in nucleo-protein. 

Life span of W.B.C. : Their life span is shorter than R.B.C. Average life spanis 12-15 
days. 

Functions of WB. C.: General functions are- (i) W.B.C. protect the body by destroying 
the infective bacteria by the process of phagocytosis. (ii) They also protect the body by 
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releasing the antibody which combat the infective bacteria, (iii) Anti-allergic actions. (iv) 
Prevention of thrombosis by secreting heparin. (v) Tissue repair by fibroblast formation. 

© Classification of WB. C.: There are several varieties of leucocytes in blood. These varieti- 
es are classified into two main groups on the basis of their characteristic features of nucleus 


and cytoplasm, such as (1) granulocytes or polymorphonuclears and (2) agranulocytes or 
mononuclears. 


Lateral view 


Monocyte ___lLymphoey'e_, Red Corpusele 


Leucocyte 


Eosinophil Basophil Neutrophil 3 Platelet 
wi . 


Leucocyte 


3.25 : RBC and WBC in man. 

[1] Granulocytes or Polymorphonuclears : 

The leucocytes which contain cytoplasmic granules and nucleus with many lobes are 
called granulocytes or polymorphonuclears. The granuclocytes are divided into three groups 
on the basis of their characteristic features of cytoplasmic granucles, such as Neutrophil, 
Eosinophil and Basophil. 

[i] Neutrophil : The average diameter of a neutrophil is 10-12 p (Micron). The cytoplasm 
contains fine granules are stained by neutral dye. In this type of cells, the nucleus consists 
of 2-7 lobes. But 3-lobed nucleus of neutrophil is the most common. But 4-lobed nucleus is 
more matured. Due to the presence of many lobes of a nucleus, they are also known as 
polymorphonuclears. Amongst the different varieties of leucocytes, the neutrophils are 
numerous, about 60 to 70%. They remain alive 10 to 14 days. After that they disintegrate or 
destroyed by reticulo-endothelial cells of liver and spleen. 

Function : Neturophils are actively amoeboid and detroy the invading micro-organisms 
by phagocytic process. 

[ii] Eosinophil : The diameter of an eosinophil varies from 10 to 12 u. Eosinophils contain 
Coarse granules in the cytoplasm. Thesee coarse granules stained by acid dyes like Eosin. 
The nucleus of each eosinophil is 2 to 3 lobes, But commonly it is two-lobed nucleus. 
Eosinophils are / to 4% of the leucocytes. 

Function : Though they are amoeboid in nature but not phagocytic in function. These 
cells release histamine and prevent infection. 


[iii] Basophil : The diameter ofa basophil varies from 8 to 10 p. Different sizes of granules 
are present in the cytoplasm. Granules are stained by basic dyes, such as methylene blue, 


: 
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haematoxylin. The nucleus is kidney-shaped or slightly lobulated. The number of basophil is 
the lowest i.e. 0 to 1% of leucocyte. 

Function : They are amoeboid in nature and release heparin which prevents coagula- 
tion of blood in blood vessels. 

[2] Agranulocytes or Mononuclears : 


The leucocytes which contain no granules and nucleus without lobes are known as 
agranulocytes or mononuclear leucocytes. Agranulocytes are divided into groups. susch as 
Lymphocytes and Monocytes. 

[i] Lymphocytes : They are non-granular leucocytes. The single nucleus may be round or 
kidney shaped. They are 25 to 30% of the leucocytes. Lymphocytes may be small or large. 
The small lymphocytes- the diameter is about 7. Su. The nucleus occupies the major part of 
the cell and the cytoplasm is scanty around the nucleus. The large lymphocytes—The 
diameter is about 12 u. The nucleus may be round kidney shaped, The cytoplasm is compara- 
tively more around the nucleus. Large lymphocytes are more matured than small lympho- 
cyte, 

Function : In response to immunity lymphocytes release the antibodies, 


[ii] Monocytes :They are non-granular leucocytes. Monocytes are the largest cells. These 
cells are about 16 to 18 u in diameter. The nucleus of the monocyte is round or horse-shoe 
shaped and a large amount of cytoplasm is present. They are 5 to 10% of the leucocytes. 


Function : Monocytes are actively motile and destroy the microorganisms by phago- 


cytic process. 
Differences between R.B.C. and W. B. C. 
Erythrocyte (RBC) Leococyte (WBC) 
1. In erthrocytes nucleus is absent | 1. In leucocytes nucleus is present. 
(mammals). il 

2. Haemoglobin is present in the RBC. 2. Haemoglobin is absent in WBC. 

3. Huge number of RBC in blood. 3. They are much less in number. 

4. Red cells are smaller in size. vanes White cells are bigger in size. 

5. Their life span is longer. 5. Their life span is shorter than RBC. 

6. Red cells are of only one variety. 6. White cells are of several varieties. 
| 7. The primary function of RBC is to carry 7. The primary function of WBC is to 
| O, and CO,. defend the body from foreign elements. 


[c] Platelets (Thrombocytes) : 

Formation of thrombocytes : The megakaryocytes of bone marrow introduce pseudopo- 
dia like processes through the walls of the sinusoids. These processes are split off as 
membrane bound fragments of cytoplasm to form platelets or thrombocytes and are carried 
away by the blood. 

Structure: The diamater of a platelet is about 2.5 u. Platelets are non-nucleated round or 
oval in shape. They are biconvex disc. 

The number of platelets in man yaries from 2.5 to 5 lakh per cubic millimeter of blood. 
The life span of the platelets is about 3 to 5 days. After that, platelets are destroyed by the 


reticuloendothelial cells of the spleen. 
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Functions : 


[a] Blood clotting- When blood is shed. platelets disintegrate to liberate thromboplastin 
which initiates clotting of blood. 


[b] Repair of capillaries-The circulating platelets adhere to damaged part of capillary 
endothelium if any and help in its repair. 

[c] Hemostasis—During haemorrhage, when the platelets disintegrate they also liberate 
serotonin which is a potent vasoconstrictor. Thus platelets help in hemostasis i.e. arrest of 
bleeding by the effects of clotting and vasoconstriction. 


Table 17 
Distinguish between Lymphocyte andThrombocyte 


Lymph 
5 ymphocyte 
2. 

3. 


Thrombocyte 


I. Thrombocyte is not a variety of W.B. C. 
2. lt is non-nucleated blood cell. 

3. Funetion: 

Thrombocyte is concerned with pro- 
duction of thromboplastin and thus 
helps in coagulation of blood. 


. Lymphocyte is a variety of W.B.C. 

It is a nucleated cell. 

Function: 
Lymphocyte is concerned with produc- 
tion of antibody and thus acts as a body 
defence. 


Table 18 
Distinguish between haemoglobin and haemocyanin 


Haemoglobin Haemocyanin 


1. Iron containing pigment is haemoglo- 
bin. 

This pigment is present both in plasma 

(earthworm) and RBC (vertebrate). 
The haemoglobin gives red colour 
with O, 
4. This pigmentis present in all vertebrates 
and few invertebrates, 


l. Copper containing pigment is 
haemocyanin. 
2. This dissolved in plasma only. 


3. The haemocyanin gives blusish 

colouration with O, 

4. This pigment is present only in inverte- 
brates (prawn). 


Table 19 
Distinguish between haemoglobin and myoglobin 
Myoglobin = 


1. Itis respiratory pigment in muscle. 


Haemoglobin 


. It is a respiratory pigment in RBC of 
blood. 

2. It is iron containing metaloprotein. 

Function: 

Haemoglobin carries Oxygen as 

Oxyhaemoglobin and carries carbon di- 

oxide as carbamino haemoglobin. 


2. lt is iron containing metaloprotein. 

3. Function : 
Myoglibin stores oxygen in the muscle 
and release oxygen during con-traction 
of muscle. 
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Classification of Blood Corpuscles 
: $ 
į 4 5 
Erythrocytes Leucocytes Platelets 
> $ i 
4 G 
Granulocyte Agranulocyte 
5 į 
ve. 4 8 7 G 
Neutrophil Eosinophil Basophil į 
60-70% 14% 0-1% g — | 
* 
Lymphocyte Monocyte 
25-30% 5-10% 
(i) Large lymphocyte 
(ii) Small lymphocyte 
Table20 
Distinguish between blood and lymph, 
Blood Lymph 
+ 


1. Occurrence : 
Blood flower within blood vessel. 


1. Occurrence : 


2. Composition: 
Itis red coloured fluid, consists of plasma 
and formed elements which are RBC, WBC 
and platelets. Plasma con-tains salts, con- 
siderable amount of proteins as well as 


Lymph flows within lymphatic vessel. 
2. Composition : 
It is a modified tissue fluid which is 


yellowish, slightly alkaline and contains 
WBC like lymphocytes and mono 
cytes, salts and small amount of 


3. Function : 


Blood takes part in nutrition, excretion, 
respiration ete ; by transporting various 
materials, and defence mechanism of the 
body by phagocytosis and by producting 
antibodies. 


more less all constituents of the body. ayo proteins. 


3. Function : 7 
Lymph supplies nutrifion to the tissues - 
devoid of blood supply, takes part in fat 
absorption and defence mechanism of 
the body. 


4 Coagulation: 

Plasma part of the blood can coagulate 
because it contains fibrinogen and pro- 
thrombin. 


2253-94 


4. Coagulation : 
Lymph can clot but very slowly because 
it contains fibrinogen and prothrombin 
in small quantities. 
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3.5.5.2. Lymph 
Lymph may defined as an alkaline fluid which is present in the lymphatic vessels. 

Origin of lymph : Lymph of formed from the tissue fluid, so the lymph is regarded as a 
modified tissue fluid. Formation of lymph depends upon many physical factors, such as 
capillary pressure. permeability of the capillary wall etc. 

Composition : Lymph consists of 94% water and 6% solid substances. The solid portion 
consists of organic and inorganic materials. The organic substances are protein (albumin, 
globulin and fibrinogen), carbohydrates and fats. In addition, lymph contains large number 
of leucocytes (lymphocytes and monocytes) and a few erthrocytes. It contains small amounts 
of fibrinogen, prothronbin and other blood coagulation factors. Hence lymph can coagu- 
late. 

Function : This conducting tissue is acting in a various ways, such as (i) the leucocytes 
of lymph is acting as a defender of the body ; (ii) It absorbs fat from the intestine ; (iii) it 


supplies nutrition to those organs where blood flow is absent. 


Differences among tissue fluid, lymph and plasma 


1. 


— 2 


Tissue fluid Lymph Plasma 

Occurrence : 1. Occurrence : 1. Occurrence 5 

Tissue fluid remains in the Lymph flows within lym-| Plasma flows within blood 

intercellular space and not phatic vessels. vessel. 

within vessel. . 

Composition: 2. Composition: 2 Composition: 

It is a colourless, cell-free| lt is a modified tissue fluid It is cell-free part of the 

fluid containing various whichis yellowish, slightly | blood, pale yellow and 

salts and negligible| alkaline and contains cells contains salts, consider- 

amount of protein. like lymphocytes and] able amount of proteins as 
monocytes, salts and small | well as more or less all 
amount of proteins. cionstituents of the blood. 


EE 


Tissue fluid acts as a res-| 
ervoir of water and salts, 


Function : 


Function : 
Lymph supplies nutrition 
to the tissues devoid of 


WE Function: 


Plasma takes part in nutri- 
tion, excretion, respiration 


and prothrombin. 
pn iS 


bin in small quantities. 


and maintains plasma vol-| blood supply, takes part in ete. by transporting vari- 
ume. fat absorpion and defence | ous materials, and defence 
mechanism of the body. mechanism of the body by 

iz producing antibodies. 

— 
4. Coagulation: 4. Coagulation: 4. Coagulation: 

Tissue fluid is not coagu-| Lymph can clot, but very] Plasma can coagulate 
lated at all, because it does slowly because it contains because it contains fibrino- 

not contain fibrinogen| fibrinogen and prothrom- gen and prothrombin. 
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Differencea between Epithelial tissue and Connective tissue 


Epithelium 


1, Epithelial tissue generally develops from 
the embryonic ectoderm and endoderm 
layers. 
2. Comparatively large number of cells are 
present. 


Connective 


1. Connective tissue develops from the em- 
bryonic mesoderm layer. 


2. In this tissue, small number of cells are 
present. 


3. In this tissue, cells are closely packed. 


3. Cells are dispersed in the intercellular 
substance. 


4. Here intercellular substance is scanty. 


8. This type of tissue is present on the outer 
covering of the body well as inner cover- 
ing of hollow organs. 


amount. 
5. In epthelium fibres are absent. 5. In connective tissue, fibres are gener- 


6. Eplithelial calls are placed on basement | 6, Basement membrane is absent. 


membrane. 
7. In epithelium, blood vessels are absent. | 7. In connective tissue, blood vessels are 


4. Intercellular substance (matrix) is plenty 


ally present. 


present. 
8. This type of tissue is present in the dif- 
ferent organs. 


9. Epithelium mainly acts as a protective tis- 
sue. 


9. It mainly acts as a binding tissue in the 
different organ- system. 


3.6. Muscular Tissue 


Difinition : The type of tissue which has the ability to contract and relax, as a result 
each and every organs are associated with the movement, is known as muscular tissue. 


[a] General Characteristics of muscular tissue: 
(i) Cells of the muscular tissue are narrow and elongated ; for this reason the cells are 


regarded as muscle fibres, 


(ii) Large number of muscle fibres combine to form a muscle. 


(iii) Practically there is no intercellular substance, but the fibres and muscles are sur- 


rounded by areolar connective tissue. 


(iv) Blood vessels and nerves are present in the muscular tissue. 


[b] Distribution of muscular tissue : 


(i) Majority of muscles of the body are attached to bones. 


(ii) Muscular tissue is also present in the different organs of the body. 


[c] General functions of muscular tissue: 


(i) The main function of this tissue is the contractility by stimulus. 
(ii) The contraction of the muscle causes movement of the contents of the hollow organs 


(such as in heart, intestine etc.) 
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(ii) The contraction and relaxation ofmuscles help for the movement and locomotion of 
animals. x 


Id] Classification of muscular tissue: 


On the basis of their nature and structural peculiarities, the muscular tissue is classified 
into three groups such as (A) Striated muscle, (B) Non-striated (smooth) muscle and 
(C) Cardiac muscle. 


3.6.1. Striated Muscle (Voluntary of Skeletal Muscle) 


Epimysium Perimysium 


Endomysium 


3.26 : Structure of a striated muscle. 

The type of muscle which shows transverse bands is known as striated muscle, Striated 
muscle is attached to the bones of the body and so this type of muscle is also regarded as a 
skeletal muscle.The striated muscle can be contracted at the ‘will’ of the animal and hence 
this muscle is also known as yoluntary muscle. 


@ Structure of a muscle : 


A skeletal muscle (biceps, triceps, etc.) is spindle shaped, swollen in the middle region 
and tapering on both the ends. Both the ends of a muscle are continuous with a bundle of 
collagen fibres and this bundle is called tendon. So a muscle is.attached to a bone by 
tendon. The unit of a muscle is the muscle cell or muscle firbe. So we can say that a muscle 
is composed of many hundreds of fibres. Each fibre is enclosed by a membrane of areolar 
connective tissue which is known as endomysium. Such few fibres forma bundle known as 
fasciculus. Each fasciculus (plural : Fasciculi) is again enclosed by another membrance of 
connective tissue known as perimysium. 
Bundles of fasciculi are surrounded by a mem- 
brane of areolar connective tissue which is 
known as epimysium. Blood capillary and 
nerve are runing in the endomysium of a 
muscle fibre. 


Dark band 
© Structure of a muscle fibre : 


Each muscle cell is elongated and pos- 
sess fibrtlike property. So a muscle cell is 
known as muscle fibre. A striated muscle fi- 
bre is cylindrical and is covered by a yhin 
transparent membrane known as 
sarcolemma. There are large number of nuclei 
adjacent to the sarcolemma. Muscle contains 
myoglobin which is iron containing porphy- 
3.27 : Striated muscle fibres rin pigment. Myoglobin stores oxygen in the 
muscle. 


Light band 
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Tabje 23 
Distinguish between Red muscle fibre and white muscle fibre 
Red muscle fibre White muscle fibre 


1. Red muscle fibre contains more myoglo- | 1. White muscle frre contains less myo- 
bin and more mitochondria. globin and less mitochondria, 


2. Aerobic respiration release less energy. 


2. Aerobic respiration release far more 
energy. 


3. Red muscle fibre can work much longer 
time. 


3. White muscle fibre can work less longer 
time. 


It has been seen that during development many muscle cells are fused to forma single 
muscle fibre. Due to this reason a muscle fibre contains many nuclei. So, a striated muscle 
fibre becomes multinucleate. Within the sarcolemma there is cytoplasm which is known as 
sarcoplasm. The sarcoplasm contains many mitochondria (sarcosomes), endoplasmic 
reticulum. glycogen and lipid. In the sarcoplasm there are numerous myofibrils. These 
myofibrils are placed longitudinally to the fibre and parallel to each other. These myofibrils 
are contractile in nature, Jn the myofibrils there are light and dark bands or striations which 
are arranged alternately to their long axis. 


Distinguish between myosin and actin filaments 


Myosin filament Actin filament i 


1. Itis a thicker filament. 1. Actin filament is a thinner filament. 
2. It contains myosin-like protein, 


3. Myosin is a contractile component ofa | 3. Actin is a contractile component of a 
muscle. muscle, 


4. Myosin filament is not attached to Z- | 4. Actin filament is attached to line. 
line. 


Electron microscopic study : The myofibrils are made up of two sets of smaller fila- 
ments, such as thicker and thinner. The thicker myofilaments contain myosin protein and 
so they are known as myosin filaments. The thinner myofilaments contain actin protein 
and therefore these filaments are known as action filaments. These myosin and actin 
protein filaments are actually regarded as the contractile components of a muscle, 

The arrangement of these thick (myosin) and thin (actin) filaments give the appearance of 
dark and light band or striations in a myofibril, The dark band or dark stration is known as 
A-band or anisotropic band. Inthe centre of A-band there is a pale thin H- zone or Hensen's 
line. In the A-band (except H-zone) both the myosin and actin filaments are present. Light 
band of myofibril is known as I-band or isotropic band. In the centre of I-band there is a thin 
membrane like structure known as Z-line or krause’s membrane. In the I-band only the thin 
actin filaments are present. The actin filaments extend from the Z-line to the end of the H- 
zone. 

Between the two adjacent Z-lines of myofibril is known as sarcomere. The sarcomere 
repeats along the length of a myofibril. So the sarcomere is regarded as the unit structure of 


2. It contains actin-like protein, 
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Fasciculi Perimysium 


weasel 4 


Myosin 


3.28 : Skeletal Muscle in Man 


a myofibril. Hence in one word we can say that the sarcomere is the functional unit or 
contractile unit of the myofibril and it is the segment of the myofibril from one Z-line to the 
next Z-line. 4 

Distribution of striated muscle : Striated muscle is mainly attached to the bones of a 
body. F 

Funetion: This type of muscle can be contracted at the ‘will’ 
of a vertebrate animal and so it helps in the movement and 
locomotion of animals. 

3.6.2. Non-Striated Muscle (Smooth Muscle or In- 
voluntary Muscle) 

This type of muscle has no striatons and it is known as non- 
striated or smooth muscle. These muscles are not contracted at | Nucleus 
the ‘will’ of an animal rather they are autonomic, so this type of 
muscle is also known as involuntary muscle. 

Structure : Each fibre of this type of muscle is elongated 
and pointed at both ends and looks like a spindle shaped. The 
sarcolemma of the muscle fibre is not very clear. Each fibre con- 
tains a single oval nuscleus and is placed more or less at the 
centre of the cytoplasmic material Here the cytoplasm is known 
as sarcoplasm. Though longitudinal striations are present but 
without any dark and light band. if 

In smooth muscle fibres the contractile proteins do not 3.29 : Structure of non- 
maintain same periodic spatial arrangement as in voluntary striated (smooth) muscle 
muscle. So transverse striations are absent in the smooth muscle. fibres 
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Distribution : This type of muscle is present in the wall of hollow visceral organs such 
as stomach, intestine, trachea, blood vessels, ureters, urinary bladder, uterus, fallopian 


tube etc. 
Function : This muscle is controlled by autonomic nerveous system and helps in closing 
and opening of tubes and cavities of the organs. 


3.6.3. Cardiac Muscle 


This type of muscle is involuntary and cannot be contracted at the ‘will’ of an animal. 

Structure : Cardiac muscle fibres are short and roughly rectangular. Each fibre contains 
a single oval nucleus at the central region. In the fibres there are longitudinal and transverse 
striations and those striatons are incomplete and indistinct. The sarcolemma is indistinct and 
incomplete. The cardiac muscle fibre is branching and unit with other fibre to form a net-work 
like structure. As a result of cross connections, a protoplasmic continuity is maintained. The 
sarcolemma between the fibres becomes thickened to froma plate or disc-like struicture 
which is known as intercalated disc. 


Intercalated 
disc 


3.30 : Magnified view of a section of Cardiac Muscle. 
Distribution : This type of muscle is only present in the wall of heart. 


- Function : Automatic contraction and rhythmicity are maintained by this muscle. 
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Comparative discussions of the three types of muscles 


Striated muscle Smooth Cardi i 
(Skeletal muscle) (non-striated muscle) ia srie 

1. Fibres are long and cylin- 1. Fibres are elongated and |1. Fibres are short, cylindri- 
drical, without tapering. spinde-shaped. cal and rectangular. 

2. Fibres are separet. 2. Fibres are separate. 2. Fibres have no separate 

entity. | 

3. Fibres have difinite sar- 3. Sarcolemma is inditinct. 3. Sarcolemma is indistinct 
colemma. and incomplete. 

4. In each fibre there are 4. In the centre of each fi- 4. In the centre of each fi- 
many nuclei below the bres there is a single bre there is a single 
sarcolemma. nucleus. nucleus. 255 

5. Fibres have dark and light 5. Fibres have no striations. |5. Fibres have incomplete 
transverse striations. both longitudinal and 


transverse striations. 


6. Fibres have no branching. 


6. Fibres have branching to | 


Fibres have no branch- 
i form network. 


ing. 


7. Intercalated discs are ab- 


sent. 


7. Intercalated discs are 
present. 


Intercalated dises are 
absent. 


7 


8. Muscles can be con- 
tracted at ‘will’ ; i.e. vol- 


untary muscle. 


The muscles cannot be 
contracted at ‘will’ ; i.e. 
involuntary muscle. 


Muscles cannot be con- |8. 
tracted at ‘will’ ; i.e. in- 


voluntary muscle. 


9. Muscles are capable of 
sustained contraction 
but subject to fatigue. 


10. Muscles are generally 


Muscles are capable of 9. Muscle is capable of 
rhythmic contraction thythmic contraction 
without fatigue. without fatigue. 


Muscles are present in 10. Muscle is present only 


attached to the skeleton. the visceral organs such in the heart. 
ib as stomach, Intestine etc. 
11. Function : Movement 11. Function : Helps in elos- |11. Function.: Contract and 
_and locomotion. ing and opening of tubes relax of heari. 
and cavities of organs. 


3.7. Nervous Tissue 


Definition : The type of tissue receives and transmit the stimuli in the animal body is 


known as nervous tissue. 


Composition of nervous 


tissue : Nervous tissue is composed of two types of cells 


(i) nerve cell and (ii) neuroglia. Though the nerve cell or neurone (Neuron) is the main 


component of nervous tissue. 


3.7.1. Neuroglia 


The are three main types of neuroglia cells, such as oligodendroglia (oligodendrocyte), 


astrocyte and microglia. 


GENERAL IDEA ABOUT TISSUES IN ANIMAL 1497 


3.31 : Neuroglia cells ; (A) Oligodendroglia, (B) astrocyte, (C) microglia, 


Distribution : They are present in the grey and white matter of brain and spinal cord, i.e. 
central nervous system. 


Function : Neuroglia cells protect the central nervous system and takes part in the for- 
mation of myelin sheath. 


3.7.2. Neurone (Neuron) 


A nerve cell with all its processes that forms the structural and functional unit of the 
nervous tissue is known as a neurone. 


Structure of a neurone : A neurone mainly consists of two parts (i) cell body and 
(ii) processes. The processes are the dendron and axon. 


[1] Cell body: The cell body is also known as neurocyton or soma. In each neurone 
(neuron) there is a cell body or soma. Cell body is of varied shapes such as it may be star- 
shaped, pyramidal, oval, round or flask-shaped. In each cell body there is a single large more 
or less oval nucleus. The cytoplasm of the 5 
cell body is also called neuroplasm. The neu- Nocleus 
roplasm consists of the following structures :— 
(i) Nissl granules (body) ; large number of 
minute angular granules which are distributed 
throughout the cytoplasm (neuroplasm) are 
known as Miss granules. These granules are 
composed of ribose nucleoprotein substance. 
Exact function of the granules is not known. 
Those granules may help in conduction of 
nerve impulse. 


(ii) Neurofibrils : large number of minute 
microscopic filaments are present and these 
filaments are known as neurofibrils. These fila- 
ments are also passing to the dendron and 
axon. (iii) In addition to these there are mito- 
chondria golgi bodies and ribosomes. 


Centrosomes are absent in the nerve cell. 
So due to the absence of centrosome the nerve 
cells do not multiply. But recently the cen- 
trosomes have been observed under the elec- 
tron microscope and so some scientists are of 
opinion that the mature nerve cells can be 
divided. The cell body is situated in the grey 
matter of the brain and spinal cord. 


3.32 : Different parts of a neurone 
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Function : The cell body controls and co-ordinates the function of a neurone. 


[2] Processes : The fibre like protoplasmic elongations which are coming out from the 
cell body of a neurone are called processes. The processes are of two types, such as 
(a) dendron and (b) axon. 


[a] Dendron : Short fibre with branching processes that arises from the cell body is 
known as dendron. (i) It contains Nissl granules. (ii) Thin terminal branches are known as 
dendrites. (iii) Neurofibrils are present. (iv) Number of dendron on cell body varies (gener- 
ally more than one). 


Function : Dendron receives impulses from the axon of another neurone through syn- 
apse and transmit the impulse to the cell body. So the dendrons are the afferent process. 


[b] Axon : A long and elongated generally branchless cytoplasmic process that comes 
out from the body is known as axon. (i) The axon arises from a conical elevation of the call 
body and this point of origin is knownas axon hillock. (ii) Axon hillock and axon are devoid 
of Nissl granules. (iii) Axon is generally long and may have collateral branches. (iv) The 
-cytoplasm of the axon is known as axoplasm. (v) Axoplasm contains neurofibrils. (vi) The 
terminal portion of axon undergoes numerous branches which are known as end brush or 
axon terminals and at the end of each terminal branch there is a swelling. 


The axons are present in the white matter of central and peripheral nervous system. But 
axon is absent in amacrine cell of retina. 


Function : Axon carry inpulses from the cell body to the dendron of the next neurone i.e. 
it transmits impulse away from the cell body. So it acts as efferent process. 


Pseudounipolar Bipolar +  Multipolar 


Unipolar 


3.33 : Different types of neurone. (A) Unipolar, (B) Bipolar, (C) Multipolar. 
© Types of of neurone : [a] According to the number of process, the neurones may be 
classified into three groups such as unipolar, bipolar and multipolar. 


[1] Unipolar (Monopolar) neurone : Here the axon and dendrite of a neurone arising 
from a common stem to form a single process. 


(2] Bipolar neurone : In this type of neurone, one axon and one dendron arise from the 
opposite side of the cell body, e.g. rod and cone cells of retina. 


[3] Multipolar neurone : In this type of neurone one axon and many dendrons arise 
from a cell body. Most of the neurones are multipolar. 


[b] According to the function, the neurones are classified into three groups, such as- 
sensory, (afferent), motor (afferent) and interneurone (See Fig. 6.34). 


[1] Sensory (afferent) neurone : This type of neurone carry inpulses from the visceral 
organs to the central nervous system. 


[2] Motor (efferent) neurone : Neurones which carry impulses from the central nervous 
system to the peripheral organs are known as motor or efferent. 


[3] Inter-neurone : This type of neurone is placed between the sensory and motor 
neurones in the central nervous system. So they transmit impulses from one neurone 
to another neurone. 

3.7.3. Nerve Fibres 


The long processes of neurones generally the axon when invested or ensheathed by 
membranes are regarded as nerve fibres. On the basis of structure, the fibres are divided into 
two types (1) medullated and (2) non-medullated. 


[1] Medullated or myelinated nerve fibres : 


In this types of nerve fibres there are two coverings outside the axolemma of axon. These 
coverings are myelin or medullary sheath and 


Interneurone neurolemma (neurilemma). The naked axon 
(Associate Neurone) 


when passing through the gray matter of the 
central nervous system it remains uncovered. 
But the axon when enters in the white matter of 
the central nervous system then it is covered 
with a white covering which is known as my- 
elin (medullary) sheath. Myelin sheath is char- 
acteristic of medullated fibres. The function of 
this sheath is to prevent the spread of the nerve 
P impulse of the axon to other adjacent fibres, i.e. 

Nerve Fibre | , h 7 
‘Abbreviated | if acts as an insulator. These myelinated fibres 
when they come out of the central nervous sys- 
tem receive another nucleated convering which 
is known as neurolemma or neurilemma. This 
1 second reurolemmal covering is present in the 
/ Plates peripheral nervous system. This neurolemmal 
covering is also known asa sheath of schwann. 
This covering protects the nerve fibre and helps 
Receptors in the regeneration of the damaged peripheral 
— nenes In the peripheral nerve fibres the my- 
3.34 : Diagrammatic representation of three elin sheath is not continuous along its whole 
types: of ee ee length but is broken at regular intervals. So 
the outer neurolemma comes in close contact to the axon in these broken regions and 
constrictions are formed along the length of the fibre. These constrictions are known as 
nodes of Ranvier. Collateral branches have developed from these constrictions. The portion 

of the fibre between the two adjactent nodes is known as the internode. 

In one word we can say that in the nerve fibre of the central nervous system there is no 
neurilemma. In these fibres the oligodendroglia cells surround the axon and form the 
myelin sheath. In the the nerve fibre of the peripheral nervous system, Schwann cells 
deposited the myelin substance round the axon and form the myelin sheath. 


Cell Body 
of Sensory 
Neurons $ 


Motor Neurone 
AN 


Sensory Neurone 


— 
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[2] Non-medullated nerve fibre : 


In this type of fibre the myelin sheath is absent. Here the axon is covered by neurilemma 
only. Hence the peripheral non-medullated nerve are fibres are covered by neurilemmal 
sheath only. Non-medullated fibres are present in the autonomic nervous system. 

3.7.4. Synapse 


Definition : Synapse is the junctional region between the dendrites of one neurone 
and the axon of another neurone. 


3.35 : Diagrammatic representation of synapse. 

Structure : Synapses are of various types. The terminal swelling part of an axon is 
known as synaptic knob. These synaptic knobs are covered by a pre-synaptic membrane. 
The membrane of soma and dendrite is known as post synaptic membrane. The synaptic 
knob is covered by this post-synaptic membrane. But the synaptic knobs are seperated from 
dendrite and soma. This minute space between the two membranes is known as synaptic 
cleft. So in the synaptic junction there is no protoplasmic continuity. 

Function : In the synaptic cleft there is a neurohumor like fluid substance. It has been 
observed that acetylcholine is present in the synaptic knobs and this acetylcholine 
stimulates the transmission process in the synapse. 


Distribution: Synapes are present in the central nervous system and also in autonomic 
nervous system. 


© Distinguish between neurone and synapse : 


[a] Neurone : A nerve cell with all its processes that the structural and functional unit of 
the nervous tisue is known as a neurone. 


[b] Synapse : It is the junctional region between the two neurones. 
3.7.5. Nerves 


3.36 : Structure of nerve. 
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Definition : Bundles of nerve fibres which are covered by connective tissue along with 
the blood vessels are collectively called a nerve. 

Structure : Each nerve fibre of a nerve is surrounded by loose connective tissue which 
is knowb as endoneurium. Several such nerve fibres are formed into a bundle and sur- 
rounded by a dense connective tissue which is known as perineurium. uch perineurium- 
covered bundle-fibre is known as funiculus. Whole nerve trunk or many funiculi are again 
externally covered by a dense connective tissue to from a nerve and this outermost covering 
ofa nerve is known as epineurium. Blood vessels are present both in the perineurium as well 
as the epineurium. 

Function : The sheaths (coverings) support and protect the nerve fibres and also sup- 
port the blood vessels of the nerve. 


Epithelial 


Connective 
Cartilage 


Ligament 


¥ 


l 
Adipose Tissue 
P 


3.37 : Different tissues in Man. 
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Differences between Axon and Dendrite 


7 Axon ~ Dendrite a 


1. Axon is long single which arises from the | 1. More than one short processes arise from 


axon hillock of a cell body. cell body of a neurone. 
2. Generally branches are absent. 2. Many short branches are present in a 
dendrite. “i 


3. Axon is myelinated. 


3. Dendrite is without myelin sheath. 


4. In axon neurilemma is present. 4. In dendrite neurilemma is sbssent. 


5. Absent of node of Ranvier. 


5. Presence of node of Ranvier myelinated 
|__fibre. 


6. Nissl granules are absent. 


6, Nissl granules are present, E 


7. From long axon collateral branches are 
developed. 


8. There is swelling at the terminal end of | 8. There is no swelling at the terminal end. 
each branches of axon. 


9. Transmit impulse away from the cell body. | 9. Receives inpulse from other neurone and 
carry to the cell body 


Differences between Synapse and Synapsis 


7. Collateral branches are absent. 


Synapse Synapsis 
TERT | 
1. Junctional region of two neurones is | 1. Pairing formation of homologous chromo- 
known as synapse. somes in Meiosis. 


2. Synapse is present in the nervous sys- | 2. It occurs in cell division both in plants 
tem of animals. and animals. r 


3. This is a permanent condition in the ner- | 3. This isa temporary phase in cell division. 
vous system. 


4. The nerve impulse is transmitted from | 4. Segmental interchange occurs ina ho- 
one neurone to another neurone through mologous pairing. 
| Sa ae a ee A 


synapse. 


— 


Table 28 
Differences between Neurilemma and Sarcolemma 


Neurilemma Sarcolemma 
I. It is a covering of the axon ofa neurone. | 1. It is a covering of a muscle fibre. 


2. Neurilemma protects the nerve fibre and | 2 Sarcolemma helps in conducting the 
regenerates when the fibre is damaged. muscle excitation. 
But it never transmit the impulse. 
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3.8. Matters To Recollect 


@ Similar group of cells ina ground substance having common origin and function is 
known as tissue. 


@ Tisssues in higher animals are mainly of four types: epithelial, connective, mus- 
cular and nervous. i 


@ Epithelial tissue covers the external and internal free surface of the organs, 


In epithelial tissue there is a basement membrane, intercellular substance is mini- 
mum and there is no blood vessels. 


Main function of epithelial tissue is the protection of the organs, in addition it helps 
in secretion, absorption and excretion. 


@ The epithelial is broadly divided into groups; simple and stratified (compound). 


@ Single layered epithelium is the simple epithelium and simple epithelium is modi- 
fied and give rise to glandular tissue ; multilayered epithelial tissue is the stratified 
epithelium. 


@ In connective tissue plenty amount of matrix, few cells and different types of fibres 
are present. 


S Connective tissue acts as a packing and binding substance. 


@ Hardest tissue in the body is the bone which is a type of connective tissue. It is also 
known as supporting tissue. 


@ In compact bone, Haversian system is present but in spongy bone, Haversian sytem 
is absent. 


@ The Matrix of cartilage is known as chondrin. 

@ Blood is a fluid connective tissue. 

@ The fluid matrix of blood is known as plasma. 

@ After coagulation of blood there is a fluid without fibrinogen known as serum. 
@ Blood contains RBC, WBC and platelet cells in addition to plasma. 

@ There are three types of muscles : Striated, non-striated and cardiac. 


@ Non-striated (plain muscle) and cardiac muscles involuntary ; where as striated 
(skeletal) muscle is voluntary. 


@ The covering or sheath of muscle fibre is known as sarcolemma. 
@ The function of muscle is to contract and relax. 


Neurone is the structural and functional unit of nerveous tissue. 
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Neurone contains cells body, dendron and axon 

@ Synapse is the junctional space of two neurones, 

Nerve fibress are of two types : medullated and non-medullated. 

@ Medullated fibre contains myelin sheath and neurilemma 

ar Constriction region of a medullated nerve fibre is known as node of Ranvier 
3.9. Summary p 
| In animal kingdom there are mainly four types of tissues, such as epithelial, connetive, | 

muscluar and nervous tissue. 

Epithelial tissue covers the outside of the body and inside of the hollow spaces of 
organs. The main function of this tissue is to protect the organs. The connective tissue 
mainly connects the various structures of the body ; bones and cartilages make the 
frame work of the body, so they are regarded as supporting tissue, Blood and lymph as | 


hardest tissue in the body. The property of the muscular tissue is the contraction and 
| relaxation. For this property the muscles helps in movement and locomotion. Nervous | 
tissue controls and coordinates the various organs of the body. 


3.10. Special Questions With Anawer 


n 
Ans. 


H 


Fs fa Fs Is fz 


Why blood vessel is absent in epithelial tissue ? 

p IE Did ey ten NE FOTOD vos- 
sels are absent. 

In which organ’s epithelium basement membrane is absent? 

The basement membrane is absent in thyroid follicle. 

What is basement membrane ? Mention its function, 

Basement membrane isà jelly-ecellular layer which ie made up of condensed mu- 
copolysaccharide with fine fibres. Epithelial cells are arranged on basement mem- 
brane and this layer separates the epithelial cells 

What is endothelium ? 

Inner lining of squamous epithelium of blood vessels and lymphatics is known as 
endothelium. 


What is endocardium ? 

Inner lining of squamous epithelium of heart is known as endocardium, 

‘What is the hardest structure in our body ? What type of tissue itis? 

‘The hardest structure is the enamel of tecth. It is modified epithelial tissue, ectoder- 
mal in ongin 

Why teeth is not conssidered as bone ? 

In the bonc-esteblast cells, marrow and Haversian system are present. But in tecth 
these structures are absent, moreover teeth is modified epithelial tissue. 

What type of tissue occurs in hairs, nails horns & hoofs ? Mention its function. 
All these structures are made up of stratified squamous cornified epithelium. This 
type of tissue prevents from mechanical pressure, friction and injury. 

What is a goblet cell ? 

Goblet cell is an unicellular mucus secreting gland. 


~~ 
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What is glandular tissue ? 
Epithelial cells that are specialised for elaboration and release of an useful fuid 
material are collectively known as glandular tissue 

What is mixed gland ? Cite three examples with functions. 

When a gland is made up of both exocrine and endocrine type of galndular cells then 

this type of gland is known as mixed gland. 

Examples—Pancreas, testis and ovary, 

Functions: 

(a) Pancreas—Production of pancreatic juice from exocrine gland is the exocrine 
function and release of insulin with glucagon hormones from endocrine Islets of 
Langerhans is the endocrine function, 

(b) Testis—Spermatozoa production is the exocrine function and endocrine fuention 
is the release of testosterone hormone, 

(c) Ovary—Ova production is the exocrine function but release of oestrogen and 
progesterone homones is the endocrine function, 

What is pseudo-stratified epithelium ? Mention its distribution. 

Epithelial cells which are actually arranged in a single layer on basement membrane 

but seems to be many layered due to disproportionate length of the cells are known 

as pseudostratified epithelium. 

This type of tissue is distributed in the larynx and trachea. 

At what stage of development of RBC hemoglobin appears first ? 

Hemoglobin appears first at the intermediate normoblast stage of RBC develop- 


ment. 
Fragility of RBC occurs first in what strength of NaCI solution ? 

Fragility of RBC occurs first in 0.48% NaCI solution. 

What happens to RBC count at high altitude ? 

At high altitude, the RBC count is increased. 

What do you mean by Leukemia ? 

A fatal disease with marked increase in the number of leucocytes due to their uncon- 
trolled production. 

What will happen if thrombocyte count in blood becomes very low ? 

The condition of very low thrombocyte count is clinically known as thrombopenia 
It is associated with hemorrhage disorder which is characterized by (ij purpura i.e., 
hemorrhage beneath the skin and mucous membrane ; (ii) prologned bleeding time 
and delayed clotting. 

Give the full name of ESR. 

The full name of ESR is ‘Erythrocyte Sedimentation Rate.’ 

What do you understand by anticoagulant ? Give three examples of anticoagulant, 
Anticoagulants are chemicals which prevent coagulation of blood 

Examples ; 

(i) Oxalates of sodium, potassium and ammonium. 

(ii) Citrates of sodium and potassium. 

(iii) Heparine. 

How heparine and oxalates prevent blood coagulation ? 

Heparin prevents coagulation due to its antithrombin activity or by inhibiting the 
action of active thromboplastin. 
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Neurone contains cells body, dendron and axon. 

ce Synapse is the junctional space of two neurones. 

Nerve fibress are of two types: medullated and non-medullated. 

@ Medullated fibre contains myelin sheath and neurilemma. 

@ Constriction region of a medullated nerve fibre is known as node of Ranvier. 


3.9. Summary 


In animal kingdom there are mainly four types of tissues, such as epithelial, connetive, 
muscluar and nervous tissue. 


Epithelial tissue covers the outside of the body and inside of the hollow spaces of 
organs. The main function of this tissue is to protect the organs. The connective tissue 
mainly connects the various structures of the bod); bones and cartilages make the 


frame work of the body, so they are regarded as supporting tissue. Blood and lymph as 
because they are fluid, they are also known as vascular tissue. Bone is regarded as the 
hardest tissue in the body. The property of the muscular tissue is the contraction and 
relaxation. For this property the muscles helps in movement and locomotion. Nervous 
tissue controls and coordinates the various organs of the body. 


3.10. Special Questions With Anawer 


[1] Why blood vessel is absent in epithelial tissue ? 

Ans. Epethelial tissue is subjected to stress that may lead to bleeding. Hence blood ves- 
sels are absent. 

[2] In which organ’s epithelium basement membrane is absent? 

Ans. The basement membrane is absent in thyroid follicle. 

[3] What is basement membrane ? Mention its function. 

Ans. Basement membrrane is a jelly-acellular layer which is made up of condensed mu- 
copolysaccharide with fine fibres. Epithelial cells are arranged on basement mem- 
brane and this layer separates the epithelial cells. 

[4] What is endothelium ? 

Ans. Inner lining of squamous epithelium of blood vessels and lymphatics is known as 
endothelium. 

[5] What is endocardium ? 

Inner lining of squamous epithelium of heart is known as endocardium. 

[6] What ĩs the hardest structure in our body? What type of tissue it is ? 

Ans. The hardest structure is the enamel of teeth. It is modified epithelial tissue, ectoder- 
mal in origin. 

[7] Why teeth is not conssidered as bone? 

Ans. In the bone: esteblast cells, marrow and Haversian system are present. But in teeth 
these structures are absent, moreover teeth is modified epithelial tissue. 

[8] What type of tissue occurs in hairs, nails horns & hoofs ? Mention its function. 

Ans. All these structures are made up of stratified squamous cornified epithelium. This 
type of tissue prevents from mechanical pressure, friction and injury. 

[9] What is a goblet cell? 
Ans. Goblet cell is an unicellular mucus secreting gland. 


u2] 
Ans. 


[13] 
Ans. 


[14] 
Ans. 
[15] 
Ans. 
[16] 
Ans. 


[17] 
Ans. 


[18] 
Ans. 
[19] 
Ans. 
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What is glandular tissue ? 

Epithelial cells that are specialised for elaboration and release of an useful fluid 

material are collectively known as glandular tissue. 

What is mixed gland ? Cite three examples with functions. 

When a gland is made up of both exocrine and endocrine type of galndular cells then 

this type of gland is known as mixed gland. 

Examples—Pancreas, testis and ovary. 

Functions : 

(a) Pancreas—Production of pancreatic juice from exocrine gland is the exocrine 
function and release of insulin with glucagon hormones from endocrine Islets of 
Langerhans is the endocrine function. 

(b) Testis—Spermatozoa production is the exocrine function and endocrine fuention 
is the release of testosterone hormone. 

(c) Ovary—Ova production is the exocrine function but release of oestrogen and 
progesterone homones is the endocrine function. 

What is pseudo-stratified epithelium ? Mention its distribution. 

Epithelial cells which are actually arranged in a single layer on basement membrane 

but seems to be many layered due to disproportionate length of the cells are known 

as pseudostratified epithelium. 

This type of tissue is distributed in the larynx and trachea. 

At what stage of development of RBC hemoglobin appears first ? 

Hemoglobin appears first at the intermediate normoblast stage of RBC develop- 

ment. 

Fragility of RBC occurs first in what strength of NaCI solution? 

Fragility of RBC occurs first in 0.48% NaCl solution. 

What happens to RBC count at high altitude ? 

At high altitude, the RBC count is increased. 

What do you mean by Leukemia ? 

A fatal disease with marked increase in the number of leucocytes due to their uncon- 

trolled production. 

What will happen if thrombocyte count in blood becomes very low ? 

The condition of very low thrombocyte count is clinically known as thrombopenia. 

It is associated with hemorrhage disorder which is characterized by (i) purpura i.e., 

hemorrhage beneath the skin and mucous membrane ; (ii) prologned bleeding time 

and delayed clotting. 

Give the full name of ESR. 

The full name of ESR is ‘Erythrocyte Sedimentation Rate.’ 

What do you understand by anticoagulant ? Give three examples of anticoagulant, 

Anticoagulants are chemicals which prevent coagulation of blood. 

Examples: 

(i) Oxalates of sodium, potassium and ammonium. 

(ii) Citrates of sodium and potassium. 

(iii) Heparine. 

How heparine and oxalates prevent blood coagulation ? SAAT 

Heparin prevents coagulation due to its antithrombin activity or by inhibiting the 

action of active thromboplastin. 
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Oxalates prevent coaguiation by precipitating and thus removing the Ca™ ions that 
are necessary for coagulation. 

What is erythropoietin ? 

Erythropoietin is a glycoprotein formed in blood plasma by the action of an enzyme 
secreted from kidney in response to anoxia. it stimulates erythropoiesis in bone 
marrow. 

Write briefly the mechanism of blood coagulation. 

At first, a substance called thromboplastin or prothombin activator is produced 
when the blood vessel is reuptured or damaged. 

The thromboplastin then catalyses the conversion of prothrombin (a plasma pro- 
tein) to thrombin (an enzyme). 

Finally, the enzyme thrombin converts the plasma protein fibrinogen to fibrin threads 
that form a mesh within which the blood cells are entangled and the blood clots. 

If a healthy adult perosn donates 200 e. e. of his blood, approximately what % of the 
total blood of his body is given ? 

We know that the total blood present in the body of a healthy adult person is 
approximately 5 litres (5000 c.c.) 


Thus the blood given is 20900 U = 4% of the total blodo of the person. 


Name two fractions of plasma proteins which are synthesized in the liver only. 
Serum albumin and fibrinogen. 
What is meant by oligocythemia (or anaemia) and polycythemia ? 
Oligocythemia—It means reduction in the number of red cells below normal level. 
What advangages a matue RBC has by its biconcave shape? 
Polycy thema — numbers of RBC 
Due to biconcave shape, the RBC can easily squeeze itself while passing through 
fine capillaries. 
The biconcavity increases the surface area of the RBC which provides a greater area 
for diffusion of oxygen. 
Why haemoglobin always remains within a RBC ? 
The haemoglobin remains within the RBCs because otherwise if it remains dissolved 
in plasma, it would be filtered through the glomeruli of kdneys causing 
haemoglobinuria. 
What is spherocytosis ? 
Spherocytosis is a hereditary disease in which the biconcavity of the RBCs is lost, 
so that the RBCs become spherodial, and haemolytic anaemia develops. 
Name a blood buffer. 
The most important blood buffer is bicarbonate buffer made up of sodium bicarbon- 
ate and carbonic acid. 
Name the instrument which is used to determine the total count of RBC and WBC. 
The name of the instrument is Neubauer Haemocytometer. 
What is interferon ? 
Interferon is a small protein produced by vertebrate cells eitehr naturally or in 
respeonse to viral infection which is capable of inhibiting virus multiplication and 
cell proliferation to support the immune system of the body. 


[39] 
Ans. 


[40] 
Ans. 
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What is vaccine ? 

Vaccine is a suspension of micro-organisms (viruses, bacteria etc.) administered for 
prevention or treatment of infectious diseases. The vaccine acts as an antigenic 
stimulus for production of a specific antibody in the recipient’s blood. 

Why more carbonic acid is formed within RBC than plasma ? 

Due to the presence of abundant carbonic anhydrase within RBC, CO, diffuses 
rapdily forming more carbonic acid than plasma. 

What is neoplasm ? 

Abnormal localization through multiplication of some type of cell of a tissue is known 
as neoplasm or tumour. If the gorwing cells infiltrate surrounding tissues and are 
carried by blood or lymph to other localities in the body, and multiply there then it is 
called malignant, otherwise benign. 

What is metastasis ? 

Migration of cancer cells through blood or lymph channels to distant parts of the 
body is known as metastasis. 

What happens when RBC is placed in distilled water ? 

When RBC is placed in distilled water, there occurs endosmosis, as a result of which 
the RBC sweels up by drawing in water and may enventually burst. 

What is anaemia ? Write one important cause of anaemia. 

Anaemia means reduction of RBC count and hemoglobin content in blood. 

An important cause of anaemia is dietary deficiency of iron and vitamin B. which 
leads to decreased RBC formation. 

Role of Fibrinogen and Calcium in clotting of blood. 

Fibrinogen: It is a plasma protein which is converted to fibrin threads that form a 
mesh in which the blood cells are entangled to clot the blood. 

Calcium: The presence of Ca“ is required for activation of the protein thrombo- 
plastin which converts prothrombin to thrombin which in turn converts fibrionogen 
to fibrin for clotting. 

What is cerumen ? 

Cerumen is a waxy material which is secreted by specialized ceruminal glands (modi- 
fied sebaceous gland) into the external auditory meatus. 

What are natural immunity and artificialimmunity ? Give examples. 

Natural immunity means the immunity which occurs normally without intentional 
introduction of an antigen or antibody into the body. Example : Spontaneous pro- 
duction of antibodies in infections (active), antibodies received by the new born 
baby through mother’s milk (passive). 

Artificial immunity means immunity due to antibodies that are normally absent in 
the blood but occur due to adminstration of antibodies or production of antibodies 
in a person’s body. Example : Anti-tetanus serum (passive), vaccination (active). 
How an oxalated sample of blood can be made to coagulate again ? 

An oxalated blood sample may be coagulated by adding excess calcium to it so that 
Ca* available after saturating all the oxalate ions. 

How the thrombocytes help in hemostasis ? 

Hemostasis means arrest of bleeding. Thrombocytes help in hemostasis by the joint 
action of the following three mechanisms— 

% When thrombocytes come in contact with the demaged vascular surface they 
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begin to swell, assume irregular forms and become sticky and threby help in 
plugging the hole in the capillary. 
(i) Thrombocytes form thromboplastin and help in clotting which also plugs the 
ruptured surface to prevent further blood loss. 
(iii) Thrombocyte disintegration produces serotonin which constricts the ruptured 
vessel so as to reduce blood flow in it. 
What is purpura ? 
Purpura is a pathologic condition characterized by hemorrhage beneath skin and 
mucous membrane due to a decrease in platelet count. 
What is meant by immunity ? 
Immunity means resistance of the body against pathogenic micro-organisms, toxins 
and other antigens. 
What kind of immunity is achieved by vaccination ? 
Artificial active immunity. 
What is booster dose of vaccination ? 
After a few small doses of vaccination, a single high dose of vaccination may de- 
velop a long term immunity in the recipient. This high does of vaccination is called 
booster dose. 
Why citrate is the preferred anticoagulant for storage of blood in Blood Banks ? 
Citrate is preferred because t can be easily metabolised in the body through the citric 
acid cycle. 
Name soruces of Heparin in our body. 
(i) Liver, (ii) Basophil leucocytes, (iii) Mast cells. 
What is a ‘living test tube’ ? 
If a portion of a vein is tied at the tow ends and then removed from the body with 
intact blood in it, the blod does not clot for a long time because of the smoothness of 
the endothelial lining. Hence, it is called a living test tube. 
Why normally blood does not clot inside the vessels ? 
Normally, blood does not clot within blood vessels because of the following rea- 
sons— 
(i) Smoothness of the endothelial lining prevents rupture of platelets and formation 
of thromboplastin from them. 
(ii) Presence of heparin, an anticoagulatn having antithrombin activity in blood. 
What are blood groups ? Name the main groups. 
The term ‘blood groups’ means classification of blood of different individuals on the 
basis of the antigenic nature of the red cells. 
Blood groups : 
(i) According to ABO system, the main groups are A, B, AB and O. 
(ii) According to Rh system, the main groups are Rh(+) ve and Rh(-)ve. 
Who first discovered ABO system of blood group ? 
Karl Landsteiner. 
Who first discovered Rh system of blodo group ? 
Karl Landsteiner and Wiener. 
What is refractory period of Voluntary muscle? 
The muscle is not excited for a brief period by the second stimulus after first contraction. 
This brief period of non excitation is known as refractory period of voluntary muscle. 
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How would you expalin muscle fatigue ? 

Inability of the muscle to provide energy for muscular contraction due to accumula- 

tion of metabolic end products like lactic acid. 

Why transverse striations are absent in involuntary muscle ? 

Contractile proteins of involuntery muscle do not maintain same periodic spatial 

arrangement as in voluntary muscle. Hence transverse striations are absent in invol- 

untary muscle. 

What is sarcomere ? 

Sarcomere is the functional unit or contractile unit of myofilament and it is the seg- 

ment of the myofilament from one Z-line to the next Z-line. 

Why a red muscle fibre can work much longer time than a white muscle fibre ? 

Red muscle fibre contains more myoglobin, more mitochondira and performs aerobic 

metabolism with least expenditure of energy. Hence red muscle fibre can work much 

longer time than a white muscle fibre. 

Mention the name of the contractile proteins of muscle, 

Contractile proetins of muscle are myosin, actin, tropomyosin and troponin. 

Name the special junctional tissues of mammalian heart. 

Sino-auricular node (SA node), Atrio-Ventricular node (AV node), Bundle of His and 

its Right and Left bundle branch and Purkinje fibres. 

Describe four properties of cardiac muscle. 

(a) Rhythmicity : Cardiac muscle can generate its own impulse rhythmically. 

(b) Conductivity : The impulse originated at the S=A node spreads over the entire 
heart through the specialized junctional tissues. 

(c) All or none law : Cardiac muscle on being stimulated, it responds either maxi- 
mally or not at all. 

(d) Refractory period: The refractory period of cardiac muscle is much more prologned 
and extends throughout the entire period of contraction and relaxation. 

What is pace maker’ of heart ? 

The specialized junetional tissue of mammalian, heart situated at the junction of 

superior vena cava and right auricle is konwn as sino-auricular node or pace maker 

of heart. It is responsible for the origin and spread of cardiac impulse rhythmically. 

Why (human) heart or cardiac muscle never gets fatigued ? 

Prolonged refractory period, helps in adequate recovery in between two successive 

beats. 

What is an isometric muscular contraction ? 

In muscular contraction where the length of the muscle remains unaltered bu the 

tension of the muscle increases is known as isometric muscular contraction. 

What type of contraction produces more heat — isotonic or isometric ? 

Isometric contraction produces more heat than isotonic’ contraction ; because in 

isotonic a portion of the energy spent is utilised for mechanical shortening and the 

remaining part is converted to heat whereas in the is ometric the entire energy spent 

is converted to heat. 

Mention the structural changes occuring during contraction of skeletal muscles. 

A. bands remain unchanged but the I bands and H. bands are reduced. The adjacent 

Z. lines come nearer; As à result the length of the sarcomere is reduced. 
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What are the two important proteins found in the muscle ? 
Myosin and actin. 
What is the difference between isotonic and isometric contraction of muscle ? 


Isotonic contraction Isometric contraction 


1, Muscle shortens in length. Muscle does not shorten in length. 


2. Tension is not increased considerably. . Tension is considerably increased. 


3. Tension is dependent on the load and not on . Tension is dependent on the strength of the 
the strength of the stimulus. stimulus. 


4. External work occurs. External work does not occur. 


5. Heat production is less. Heat production is greater than isotonic con- 
traction. 
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What kind of muscleis diaphragm ? Mentions its functions. 

Smooth muscle. This muscle helps in contract and relax of the diaphragm. 

What is reason of muscular contraction ? 

Muscular contraction occurs under the influence of stimulus and due to the adjacent 

Z-lines come nearer, as a result the length of the sarcomere is reduced. 

In sunbathing what causes the skin to develop (a) a pink colour (b) a brown tan 

(c) blisters. 

(a) In sunbathing, the skin becomes pink colour due to dilatation with more flow of 
blood to cutaneous artery for heat loss. 

(b) In sunbathing, the melanocytes of the skin synthesize more melanin pigment, as 
a result the skin becomes brown tan. 

(c) Inextreme sun bathing, inflammatory action accurs both in dead and living cells 
of the skin ; as a result the blisters are formed. 

What is the basis of human blood grouping ? 

The blood grouping has been done on the basis of compatibility and incompatibility 

between antigen on the surface membrane of RBC and antibody of the plasma. 
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Classify simple epithelial tissue mentioning their distribution and function. 
J. E. E. 1990] (Ans. 6.4.1.) 


What are the characteristic features of epithelial tissue ? (Ans. 6.4) Name at least two organs in the 
body where pavement, ciliated (Ans. 6.4.1) and stratified squamous epithelium (Ans. 6.4.3) present. 


Where goblet cells are found. J. E. E. 1998] (Ans. 6.4.1) 
Give distributions of transitional epithelium tissue. Why is it called so ? (Ans. 6.4.3.) With example 
distinguish between apocrine, holorcine and merocrine glands. [J.E.E. 94] (Ans. T.6) 


What are epithelial tissue (Ans. 6.4) and muscular tissue? (Ans. 6.6). Write how many types of 
epithelial tissues are there? (Ans. 6.4). Draw labelled sketches of different types of simple epithe- 


lial tissue. H. S. 1987](Ans. 6.4.1) 
Write what you know about simple epithelial tissue (Ans. 6.4.1) and cartilage tissue. (Ans. 6.5.2.2) 
Tri. H.S. 83] 


What is pavement epithelium 2 Describe its structure, distribution and function (Ans. 6.4.1) 
Define columnar epithelium. Describe the structure and function of columnar epithelium. 

(Ans. 6.4.1.) 
Classify glandular tissue. Write what you know about the tubular exocrine gland. (Ans. 6.4.1) 
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What is areolar or losse connective tissue? Describe its structure, distribution and functiion. 
[H.S. 1993] (Ans. 6.5.1) 
Mention the occurrence, functions and an outline structure of adipose tissue with sketch. 
[H.S. 1993] (Ans. 6.5.1) 
What are connective tissues ? How are the connective tissues in mammals classified ? 


[J-E.E. 1991] (Ans. 6.5) 
Classify connective tissues of higher animals. (Ans. 6.5) How do you justify the inclusion of blood 


in the connective tissues ? IJ. E. E. 1989] (Ans. 6.5.3.1) 
Which is the hardest tissue of the animal body ? Why is it so hard ? Name the cells which form this 
tissue. [J.E.E. 1997] (Ans. 6.5.1) 


What are collagen fibres? Where are they found in a mammalian body? Mentions their functions, 

IJ. E. E. 1997] (Ans. 6.5.1) 
What is compact bone ? Describe the structure of a compact bone with example, (Ans. 6.5.2.1) 
What is Spongy or Cancellous bone? Where is it found in a mammalian body? Mention the 


fucntions of the Spongy bone. (Ans. 6.5.2.1) 
Classify the cartilage tissue of higher animals (Ans. 6.5.2.2). Mention the differences among them. 
(Ans. T. 13) 


What are the varieties of leucocytes ? Mention their functions in man. 
IJ. E. E. 1985] (Ans, 6.5.3.1) 
What is blood ? What are its components ? Mention their functions. 
IH. S. 1993] (Ans. 6.5.3.1) 
Why do you call blood as connective tissue ? Briefly describe the leucocytes with diagrams. 
[H.S. 1996] (Ans. 6.5.3.1) 
Give morphology of the human RBC. (Ans. 6.5.3.1) What advantanges a mature RBC has by its 


biconcave shape ? What is spherocytosis? Why haemoglobin always remains within a RBC ? What 
is erythropoietin ? J. E. E. 1997] (Ans. 6.10) 


Can lymph undergo coagulation ? Justify your answer. (Ans. 6.5.3.2) What are the differences in 
composition between lymph and plasma ? (Ans. T.20) What is the normal pH of human blood ? 
(Ans. 6.5.3.1) Name a blood buffer. IJ. E. E. 1997] (Ans. 6.10) 
Mention the differences among the tissue fluid, lymph and plasma of human blood. 
[H.S. 1987] (Ans. T.20) 
Write briefly the mechanism of blood coagulation. J. E. E. 1988] (Ans. 6.10) 
If you donate 200 ml. of your blood in a donation camp, approximately what percentage of the 
total blood of your body is given? J. E. E. 89,95] (Ans. 6. 10) 
How heparin and oxalte prevent blood coagulation ? How an oxalated smaple of blood can be made 
to coagulate again? [J.E.E. 1993] (Ans. 6.10) 
Why citrate is the preferred anticoagulant for the storage of blood in blood bank ? 
IJ. E. E. 1993] (Ans. 6.10) 
Mention the main steps of blood coagulation (Ans. 6.10) How the thrombocytes are fmored (Ans. 
6.5.3.1) What is purpura ? IJ. E. E. 1995] (Ans. 6.10) 
Why normally blood does not clot inside the vessels ? How thrombocytes help in hemostasis ? 
What will happen if thrombocyte count in blood becomes very low? IJ. E. E. 1996] (Ans. 6.10) 
What type of tissue is blood ? (Ans. 6.5.3.1) Why blood is fluid while in circulation ? (Ans. 6.10) 
What are the differecnes between plasma and serum ? J. E. E. 1998] (Ans. T.15) 
What is blood ? Indicate the total amount of blood present in a healthy person. Why does blood 
look red ? (Ans. 6.5.3.1) Name the instrument which is used to determine the total count of R. B. C. 
and W.B. C. (Ans. 6. 10) Why is blood called connective tissue ? IJ. E. E. 1997] (Ans. 6.5.3.1) 


What are muscular tissue ? (Ans. 6.6) Describe the structure of a striated muscle fibre. (Ans. 6.6.1) 


How does it differ from a non-striated muscle fibre? A. S. 1981] (Ans. 6.24) 
Classify the different types of muscle tissue (Ans. 6.6). Describe their structural peculiarities with 
diagrams (Ans. 6.6.1.3). Explain the cause of muscle contraction. [H.S. 1999] (Ans. 6.10) 


Write any three points of differences between cardiac muscle and skeletal muscle. (Ans. 6. 24). 
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What is the reason of muscular contraction ? (Ans. 6.10) What is a cartilage ? 
[H.S. 1984] (Ans. 6.5.2.2) 
What is the definition of muscular tissue ? Describe briefly the characterstic of muscular tissues and 


their fuentions. [H.S. 1989) (Ans. 6.24) 
What is muscular tissue? (Ans. 6.6) Describe the structure of a striated muscle firbre. (Ans. 6.6. U) 
Write the differences with non-straited muscle fibre. [H.S. 1991] (Ans. T.24) 
Eistinguish between smooth muscles and stripped muscles, Give two examples of each (Ans. 6. 24) 
What kind of muscle is diaphragm ? Describe its functions. IJ. E. E. 1982] (Ans. 6.10) 
What is an isometric muscular contraction ? IJ. E. E. 1984] (Ans. 6.10) 


Mention the difference between skeletal muscle, smooth muscle and cardiac muscle. (Ans. T. 24) 
What is refractory period of voluntary muscle ? How would you expalin muscle fatigue ? Mention 
the contractile protein of muscle. What is sarcomere ? J. E. E. 1994] (Ans. 6.10) 
Why cardiac muscle is not fatigued ? What are the two important proteins found in the muscle? 

[J.E.E. 1994] (Ans. 6.10) 


Why transverse striations are absent involuntary muscle? Why a red muscle fibre can work much 


longer time than white muscle fibre ? What is interferon ? [J.E.E. 1995] (Ans. 6.10) 
What is cartialage ? (Ans. 6.5.2.2) What are the causes of muscular contraction? (Ans. 6.10) 
Enumerate briefly the charactristics of cardiac muscle. H. S. 1995] (Ans. 6.6.3) 


What is muscular tissue ? (Ans. 6.6) Describe briefly the structure of striated muscle with diagram. 
(Ans. 6.6.1) Mention the functional differences between straited and non-striated muscles. 
[H.S. 1997] (Ans. 6.24) 


What is muscle fibre 2 Describe in short the structure of a straiated muscle fibre under electron 


microscopic study. (Ans. 6.6.1) 
How the myelin sheath is formed in central and peripheral nervous system? Do the peripherial 
non-medullated nerves have neurilemmal sheath ? [J.E.E. 1993] (Ans. 6.7.3) 
Mention the types of neuroglial cells. Write their distribution and function. (Ans. 6.7.1) 
What is neurone ? Describe in brief the structure of a neurone (Ans. 6.7.2) 
Describe the different types of neurone. (Ans. 6.7.2) 
Write what you know about synapse. (Ans. 6.7.4) 
Describe the structure of a nerve with a neat diagram. (Ans. 6.7.5) 


© B. Short answer type: 


111 
121 
(3) 


14) 
[51 


16] 
17) 
18) 
191 
1101 
i 


[12] 
1131 
114 


What are epithelial tissue and muscular tissue ? IH.S. 1987] (Ans. 6.4 & 6.6) 
How do you consider blood as a connective tissue ? [J.E.E. 1991] (Ans. 6.5.3.1) 
What type of tissue is blood ? What are the components of blood ? 
[H.S. 1989,91; J. E. E. 1992,98 (Ans. 6.5.3.1) 
What is haemoglobin ? What is its function ? J. E. E. 1986] (Ans. T. 17) 
What is the hardest structure in our body ? What type of tissue it is ? 
[J.E.E. 1991] (Ans. 6.10) 


What is cantilage ? H. S. 1995,99] (Ans. 6.5.2.2) 
What is lymph ? (H. S. 1999) What is its function ? {H.S. 1984,94] (Ans. 6.5.3.2) 
What is adipose tissue ? IH. S. 1993] (Ans. 6.5.1) 
What is white fibre ? H. S. 1993] (Ans. 6.5.1) 
What are the functions of lymph ? H. S. 1996] (Ans. 6.10) 
Name the fractions of plasma protein which are synthesized in liver. 


IJ. E. E. 1993. 96] (Ans. 6.10) 
Name two sources of heparin in our body. J. E. E. 1993] (Ans. 6.10) 
What is ABO system of blood group ? [J:E.E. 1991] (Ans. 6.10) 
Why blood does not clot in the blood vessels ? J. E. E. 1988] (Ans. 6.10) 


15) 


116) 
un 
118) 
119) 


120] 


(21) 
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1240 
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137] 
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What do you understand by anticoagulants ? Give three examples of anticoagulants. 


IJ. E. E. 1990] (Ans. 6. 10) 


What is a living test tube ? J. E. E. 1993] (Ans. 6.10) 
What will happen if the thrombocyte count is very low ? IJ. E. E. 1993] (Ans. 6.10) 
What is meant by red bone marrow and yellow bone marrow ? IJ. E. E. 1994] (Ans. T. 10) 


Which one is more mature: small lymphocytes or large lymphocytes. 
J. E. E. 1995] (Ans. 6.5.3.1) 


Name the instrument which is used to determine the total count of R.B.C. and W.B.C. 

[J.E.E. 1997] (Ans. 6.10) 
Can lymph undergo coagulation ? Justify your answer. (Ans. 6.5.3.1) 
What advantage a mature R.B.C. has by its biconcave shape ? J. E. E. 1997] (Ans. 6.10) 
What is the normal pH of human blood ? IJ. E. E. 1997] (Ans. 6.5.3.1) 
Name a blood buffer. IJ. E. E. 1997] (Ans, 6.10) 
Indicate the total amount of blood present in a healthy person. J. E. E. 1997] (Ans. 6.5.3.1) 
Why haemoglobin always remains within the RB. C.? IJ. E. E. 1997] (Ans. 6.10) 
Give an example of a mixed gland and an unicellular gland. [J.E.E. 1998] (Ans. 6.4.1) 
What is vaccine ? J. E. E. 1997°99] (Ans. 6.10) 
What is neurone ? H. S. 1993; J. E. E. 1999] (Ans. 6.7.2) 
What is immunity ? Á (Ans. 6.10) 
What is Haversian system? (Ans. 6.5.2.1) 
What is myofilament ? (Ans. 6.7.3) 
What is node of Ranvier ? H. S. 1996] (Ans. 6.7.3) 
What is myelin sheath ? H. S. 1996] (Ans. 6.7.3) 
What happens when R.B.C. is placed in distilled water ? J. E. E. 1999] (Ans. 6.10) 


Distinguishing features of : 

(a) Skeletal muscle (Ans. 6.6.1) (b) haversian canal (Ans. 6.5.2) (c) Eosinophil (Ans. 6.5.3.1) 

(d) Cardiac muscle (Ans. 6.6.3) (e) Volkmann’s canal (Ans. 6.5.2) (f) Neutrophil (Ans. 6.5.3.1) 
[J-E.E. 1999} 


What kind of immunity is achieved by vaccination ? [J.E.E. 1999] (Ans. 6.10) 
What is booster dose of vaccination ? J. E. E. 1999] (Ans. 6.10) 
Mentions where the following structrues are found : (s) keratin (Ans. 6.4.3) (b) Dendrite 

t J. E. E. 1999] (Ans. 6.7.2) 
What is anaemia ? Write one important cause of anaemia. [J.E.E. 1999] (Ans. 6.10) 
Role of Fibrinogen and Calcium in clotting of blood. IJ. E. E. 1999] (Ans. 6.10) 
What is the life span of human erythrocytes. [J.E.E. 1999] (Ans. 6.5.3.1) 
What is haemocyanin ? [J.E.E. 1999] (Ans. T. 17) 
What is interferon ? IJ. E. E. 1995,99] (Ans. 6.10) 
What is cerumen ? IJ. E. E. 1988] (Ans. 6.10) 
Specific Answer type: 
What type of epithelium is pavement tissue? (Ans. 6.4.1) 
In which type of tissue blood vessel is absent? (Ans. 6.4) 
In which type of simple epithelium cilia is present? (Ans. 6.4.1) 
Why pancreas is called as a mixed gland? (Ans. 6.4.1) 
Why the sebaceous gland is known as holocrine gland (Ans. 6.4.1) 
What type of epithelial tissue is present in hair ? (Ans. 6.4.3) 
Why adipose cells are known as ‘signet ring’? (Ans. 6.5.1) 
Name the longitudinal tunnels of the long bone. (Ans. 6.5.2.1) 
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A TEXT BOOK OF BIOLOGY 


What type. of marrow is present in the spongy bone ? 

In which type of tissue matrix, cells and fibres are present ? 
In which type of tissue the chondrocytes are present ? 
Mention the name of the four types of protein in plasma. 


Mention the location of myoglobin: 


Write down the names of the three types of neuroglia. 


What is bipolar neurone ? 
Distinguish between 

A cell and a tissue. 

Haemoglobin and haemocyanin. 
Osteocytes and chondrocytes, 
Blood and lymph. 

Bone and cartilage 

Exocrine and endocrine. 
Synapse and Synapsis 

Axon and dendrite, 

Epithelial and connective tissue- 


(Ans. 6.5.2.1) 
(Ans. 6.5) 
(Ans. 6.5.2.2) 
(Ans. 6.5.3.1) 
(Ans. 6.6) 
(Ans, 6.7.1) 
(Ans. 6.7.2) 


[Tri. H.S. 1983] (Ans. Table 1) 
[H.S. 1989,91 ; J. E. E. 1992,98] (Ans, J. 17) 
J. E. E. 1989] (Ans. T. 12) 

JH.S. 1980,'82] (Ans. T. 19) 

[H.S. 1980,82 ; J. E. E. 1994. 97 (Ans. T. 14) 
II. E. E. 1997] (Ans. T. 5) 

[H.S. 1980] (Ans. J. 26) 

{H.S. 1998] (Ans. T. 25) 

[H.S. 1998] (Ans, T. 21) 


Neurilemma and Sarcolemma. 
Comapet bone and spongy bone. 
Neurone and synapse. 

Haversian canal and Volkmann's canal. 
Erythocyte and leukocyte. 


(Ans, T. 27) 
(Ans. T. 11) 
(Ans. 6.7.4) 
(Ans. 6.5.2) 
(Ans. I. 15) 


White fibrous tissue and yellow elastic tissue. (Ans. T. 9) 
Cubical epithelium and Columnar epithelium. (Ans. T. 3) 
Simple epithelium and Stratified epithelium. (Ans. T. 7) 
Pseudo-stratified epithelium and Transitional epithelium. (Ans. T. 8) 


Lymphocyte and Thrombocyte. 
Haemoglobin and Myoglobin. 


(Ans. T. 16) 
(Ans. T. 18) 


Short notes: 


[1] Conlumnar epithelium (Ans. 6.4.1) [2] Haversian system (Ans. 6.5.2) [3] Adipose tissue (Ans. 
6.5.1) [4] Pseudo-stratified epithelium (Ans. 6.4.2) [5] Goblet cell (Ans. 6.4.1) [6] Node of 
Ranvier (Ans. 6.7.3) [7] Apocrine gland (Ans. 6.4.1) [8] Neutrophil (Ans. 6.5.3.1) [9] Thromb- 
ocyte (Ans. 6.5.3.1) [10] Eosinophil (Ans. 6.5.3.1) [11] Collagenous fibre (Ams. 6.5.1) [12] 
Neurone (Ans! 6.7.2) [13] Neuroglia (Ans. 6.7.1) [14] Synapse (Ans. 6.7.4) [15] Medullated nerve 
fibre (Ans. 6.7.3). 


Put V mark for correct statement: 

Basement membrane is present in the (connective tissue/epithelial tissue/muscular tissue/nervous 
tissue). 

Epithelial tissue having only one layer of cells is known as (compound epithelium/transitional 
epithelium/simple epithelial tissue). 


Simple epithelium having flat scale like cells is called (pavement epithelium/cubical epithelium/ 
columnar epithelium). 


Unicellular mucus secreting gland is known as (thyroid gland/pancreas gland/goblet cell) 
Hardest tissue in the body is (cartilage/bone/areolar tissue). 


In which type of tissue, cells become ‘Signet-ring” like appearance? (areolar tissue/fibrous tissue/ 
reticular tissue/adipose tissue). 


Chondrocyte is present in the (epithelial tissue/osseus tissue/cartilage tissue). 

The blood becomes red due to the present of a pigment known as (myoglobin/haemoglobin/ 
haemocyanin). 9 

In man, the life span of RBC is (/5 days//20 days/I80. days): 

Neutrophil is more matured which contains. (2-lobed nucleus / 3-lobed nucleus/4-lobed nucleus). 


Transverse striation of light and dark bands are present in the (voluntary muscle/plain muscle/ 
cardiac muscle). 
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[12]  Intercalated disc is present in (cardiac muscle/plain muscle/striated muscle). 
[13] Astrocyte is a type of (neutron/neuroglia/Schwann cell) 
{14] Nissl granules are present in the (nerocyton/axon/oligodendroglia). 


@ G. Fill in the blanks with correct word: 


[1] Animal tissues are mainly classified into , connective, and nervous, 
[2] Unicellular mucus secreting gland is cell. 
[3] Matrix, cells and fibres are present in the tissue. 


[4] Large number of fat cells are present on a frame work of loose fibres of 
[5] Spongy type of bone is lamellated without any system. 


tissue. 


[6] Spindle-shaped firbes are present in the muscle. 
[7] Intercalated disc is present is the muscle. 
[8] Nissl granules are absent in the of a neurone. 


[9] Acetylcholine stimulates the transmission process in the 
[10] Regeneration of damaged nerve fibre is done by 


© H. Put ¥ mark on yes or no for correct answer : 
[1] The basement membrane is present in epithelial tissue. Yes/No 
[2] Compound epithelium is made up of single layer of epithelial cells. Yes/No 
[3] Connective tissue acts as a secretory tissue. Yes/No 
[4] Teeth are the hardest connectvie tissue in the vertebrate animal. Yes/No 
[5] Adipose cells become ‘signet ring’ like appearance. Yes/No 
[6] Volkmann's canal is present in the compact bone. Yes/No 
[7] In the mature human erythrocytes Krebs cycle does not occur. Yes/No 
18] Neurolemmal covering is also known as Sheath of Schwann. Yes/No 


ANSWER TO Q. NO. OF FG AND H. 


epithelial tissue. 2 = simple epithelial tissue. 3 = pavement epithelium. 


4 = goblet cell. 5 = bone. 6 = adipose tissue. 
7 = cartilage tissue 8 = haemoglobin. 9 = 120 days. 
10 = 4-lobed nucleus. 11 = voluntary muscle. 12 = cardiac muscle. 
13 = neuroglia. 14 = neurocyton. 
[G] 1 = epithelial, muscular. 2 = goblet. 3 = connective. 
4 = adipose. 5 = Haversian. 6 = smooth. 
7 = cardiac. 8 = axon. 9 = synapse. 


10 = neurilemma. 
[H] 1 = Yes. 2 = No. 3 = No. 
4 = No. 5 = Yes. b» -es. 
7 = Yes, 8 = Yes. 
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